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	Term
	Meaning in this thesis

	AC
	Alternating current, where the direction of flow of electrons switches back and forth. Supplied by TANESCO and most minigrids.

	CEFA
	Italian non-governmental organisation, working on overcoming hunger and poverty

	DC
	Direct current, where the flow of electrons is always in one direct . Common in solar home systems.

	EDA
	Energy Daily Allowance – unit of electrical energy for households in Mpale. One unit of EDA is 1 Watt-Hour, or 3600 Joules. Also used to refer to the tariff system. 

	EnSol
	Tanzanian company who own and operate the minigrid in Mpale

	EWURA
	Energy and Water Utilities Regulatory Authority - Tanzanian water and energy regulatory body 

	Global North/Global South, Western, Developed/Developing
	In this thesis I have aimed to be specific, using terms such as countries with low rates of electrification, or referring specifically to Europe and the USA. However, terms such as Western, Global North/South and Developed/Developing are used in the literature and so have been used in this context. 

	HDI
	Human Development Index - a composite indicator of development, takes into consideration schooling, life expectancy and gross national income per capita. 

	HOMER
	Hybrid Optimization of Multiple Energy Resources -  software for energy modelling

	Hz
	Hertz, measure of frequency of an alternating current.

	kVA
	kilo-volt ampere. The apparent power in an electrical circuit, equal to the product of the root mean square voltage and root mean square current. Used to calculate  equivalent power in AC circuits. 

	kWh / unit
	Kilo-Watt Hour. A measure of how much energy used, equivalent to 3.6 mega Joules. 1kWh is also referred to as one unit of energy in billing.

	LUKU
	 Lipa Umeme Kadiri Utumiavyo – pay for electricity as you need it. It is the name of the prepayment system used by Tanesco.

	Minigrid
	Minigrids may be powered by solar PV, wind, geothermal, micro-hydro or fossil fuels. They are electricity systems that are able to operate independently of the national grid. In this thesis, they have a  peak power rating of less than 1 MW. 

	NGO
	Non-Governmental Organisation - non-profit organisations independent of government, includes charities and civil society organisations

	Productive uses of electricity/income generating activities
	I consider productive uses of electricity to include income generating activities as well as work such as cooking, cleaning and childcare. In the literature the terms are sometimes used interchangeably. 

	RBF
	Results based financing - a fund provided by REA to support connections in rural Tanzania

	REA
	Rural Electrification Authority - Tanzanian governmental organisation with responsibility for promoting and facilitating access to energy services in rural mainland Tanzania. 

	Smartgrid
	Smarty grids use digital communication and advanced technology to optimise systems.

	TANESCO
	Tanzania Electric Supply Company - Tanzanian national grid operator and national supplier

	TaTEDO
	Tanzanian Traditional Energy Development Organisation - a sustainable energy services NGO

	TSh
	Tanzanian Shillings. Approximate values in US dollars have also been provided 1USD is approximately 2300 TSh.

	W, kW, MW
	Watt, Kilo-Watt , Mega-Watt. Measures of how much power either used or produced. 1 kW = 1,000 W. 1MW = 1,000,000 W
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[bookmark: _Toc147091056]A participatory and interdisciplinary study

Electricity is necessary for many basic needs, but globally over 700 million people lack access. Economic modelling suggests that minigrids or solar home systems are often the most cost-effective solution in unelectrified rural areas. There has been an increase in the role of the private sector in delivering these projects, which leads to justice questions about implementation.
This thesis uses participatory and interdisciplinary approaches to explore justice issues in minigrids for rural electrification in Tanzania. Six rural minigrids were visited across the country, with one village, Mpale, forming the main case study. Data collection methods include interviews, focus groups, surveys, observations and participatory activities. Data were analysed using a grounded coding methodology in NVivo and through economic and technical approaches. This included a distributional analysis of tariff costs and a comparison of measured load profiles with customer survey data.  The use of participatory methods in this research provided additional insights, developed through more equal relationships with communities, as well as outputs that benefited the communities I worked with and the minigrid sector in Tanzania. 
I have found that energy justice issues manifest in many ways. Poorer households often pay more per unit of electricity than others. Under some tariffs, households self-disconnect, which also influences the load profiles of minigrids. Community perspectives are often only considered to a limited amount and are not given adequate information. There is discordance between community expectations and project realities, particularly regarding tariff costs. Load-profile modelling doesn’t adequately consider the local context, particularly the affordability of tariffs and desired demand compared to actual usage. 
I conclude that there needs to be consideration of justice issues in rural minigrids. Increased participation of communities in policy and project planning would help to ensure their needs are better considered, which may also increase the likelihood of projects being successful. 


[bookmark: _Toc147091057]Chapter 1 – Introduction
1. [bookmark: _Toc147091058]What is the problem? 
Access to electricity is necessary for many basic needs. However, in Sub-Saharan Africa, around 80% of people in rural areas lack access (World Bank, 2022b). For those with access, there is uncertainty around the quality of their electricity access and what it can deliver. Current minigrid research focuses on techno-economic solutions, and there is a research gap around how an understanding of the social aspects of communities might lead to optimal solutions (García and Bartolomé, 2010; Rahman et al., 2013; Bhattacharyya and Palit, 2014 ). Projects are being funded without enabling wider development benefits of electrification (Kooijman-van Dijk & Clancy, 2010; Wamukonya & Davis, 2001; Wassie & Adaramola, 2021). A lack of understanding of local social and economic conditions is a critical reason why electrification projects fail (Jimenez-Estevez, 2014; Kabalan et al., 2014). 
This thesis aims to address these challenges by using interdisciplinary and participatory approaches, focusing on community experiences with electrification from minigrids. This will include an examination of how communities are affected by policies and implementation processes.
1.1. [bookmark: _Toc147091059]Development impacts
Energy is an enabler of sustainable development – it is necessary for many aspects of improving the livelihoods of poor people, but on its own, it is not sufficient (International Council for Science, 2017). There are also negative impacts of electrification, which are less widely studied (Baldwin et al., 2015).
Research on technical aspects concentrates on the number of households electrified or watts provided rather than the development impacts. Other unexplored aspects include the role of energy in local economic development and its interaction with local governance. Connections between energy and development are mainly understood at a global, macroscopic level. The local dimensions of this nexus are not well captured, particularly in poor rural areas (Riva et al., 2018).

1.2. [bookmark: _Toc147091060]Participation in minigrid research
Across the literature from social sciences and from practitioners, an inclusive, holistic approach to electrification programmes is shown to be important for long-term sustainability and to contribute to broader sustainable development goals (Knoeri et al., 2016; Munro et al., 2017; Urmee & Md, 2016). USAID identified community engagement as necessary for project ownership, increasing long-term sustainability and reducing maintenance costs (Jimenez-Estevez, 2014).
Whilst there has been a shift to human-centred criteria more broadly in development, Herington (Herington et al., 2017a) found that rural energy planning was ‘out-of-step’ with this. They reviewed recent research and found no engagement with communities described in over two-thirds of the papers. In those that included participation, it was largely just consultation rather than communities being partners in projects or empowered to participate. 
1.3. [bookmark: _Toc147091061]Evaluating the success of projects
It is important to evaluate whether electrification projects are successful. Two issues identified in the literature are the focusses on success rather than failures (Perros et al., 2022) and on techno-economic indicators, such as the number of households electrified (Kim et al., 2017; Rajbongshi et al., 2017). Evaluation tools such as the multi-tier framework (Bhatia, Mikul; Angelou, 2015) and socio-technical systems analysis indicators (Akinyele et al., 2018; Ilskog & Kjellström, 2008; Katre et al., 2018; Rahmann et al., 2016) have aimed to integrate broader perspectives, such as system reliability, affordability and environmental impacts. In this thesis, I will review whether these tools adequately consider community experiences of rural electrification.  
1.4. [bookmark: _Toc147091062]Tariffs and connections
The affordability of tariffs and connections is a significant concern (Bandi et al., 2022; Sustainable Energy for All (SEforALL), 2020). There are conflicts between economic sustainability and projects being able to meet the needs of rural communities (Bandi et al., 2022; Ulsrud et al., 2018). The focus on the sector's role in delivering rural electrification is an example of the marketisation of development (Karnani, 2007; Schwittay, 2011). This leads to companies using techno-economically efficient tariffs (Burger et al., 2019). However, electricity access can also be considered a social right (Löfquist, 2020; Tully, 2006). In this thesis, I look at the justice impacts of privately implemented solar minigrids on rural communities, particularly approaches to tariffs and connections. 
1.5. [bookmark: _Toc147091063]Systems modelling
Analysis has shown that existing modelling tools cannot fulfil all requirements for hybrid minigrids, particularly in countries with low electrification rates (Cader et al., 2016; Hall & Buckley, 2016; Review of Software Tools for Hybrid Renewable Energy Systems, 2014). In most research, there is an assumption of homogeneity in electricity demand (Stephen et al., 2014). However, more recent research has taken an approach to model demand load profiles sensitive to local changes (Llanos et al., 2017). Context complexities and feedback mechanisms are not considered in simple linear demand estimates over time. The lack of attention to the dynamic nature of demand prevents appropriate modelling – causing a barrier to effective planning (Riva, Ahlborg, et al., 2018).  In this thesis, I will look at approaches to load profiles and analyse demand patterns using interdisciplinary methods. 
2. [bookmark: _Toc147091064]Research Questions
These research questions (RQ) have emerged from the literature summarised above and discussed further in the literature review, Chapter 2. 
RQ1) How do justice issues manifest in community experiences of minigrids?
RQ2) How do policies and implementation processes (such as tariffs and connection fees) impact community experiences?
RQ3) How can community experiences be used to improve policy and modelling of minigrids for rural electrification?
RQ4) How does enacting participatory action approaches contribute to addressing the above research questions?
3. [bookmark: _Toc147091065]Objectives
The following objectives are targeted goals which explain how I will address each of the research questions. 

RQ1) How do justice issues manifest in community experiences of minigrids?
O1.1) Evaluate the community experiences of minigrids using theories of energy ethics and energy justice
O1.2) Identify instances of justice issues alongside their impact on communities

RQ2) How do policies and implementation processes (such as tariffs and connection fees) impact community experiences?
O2.1) Collaborate with communities to identify how they are impacted by these processes
O2.2) Review policies and processes based on data collected with communities

RQ3) How can community experiences be used to improve policy and modelling of minigrids for rural electrification?
O3.1) Analyse energy demand modelling, tariff structures and success frameworks alongside qualitative data from communities, integrating social, economic, and technical perspectives
O3.2) Provide practical recommendations for policymakers and practitioners

RQ4) How does enacting participatory action approaches contribute to addressing the above research questions?
O4.1) Enact participatory action research principles by involving the community actively in the project, empowering participants, facilitating change, and using iterative processes.
O4.2) Evaluate the contributions of action research methodologies to my research questions 
[bookmark: _Toc147091066]4. Organisational structure
In the Literature Review (Chapter 2), I provide an overview of rural electrification, including a critique of existing energy targets (RQ3). I provide a discussion of energy justice and ethics (RQ1). I look at reasons for the success and failure of projects and how they are evaluated (RQ2 and 3). I review existing literature on modelling and planning approaches, focusing on the potential for interdisciplinary and  participatory approaches (RQ4). 
I begin the Methodology (Chapter 3) by justifying my approaches by further discussing the literature . I present a summary of rural electrification in Tanzania, describing key actors and relevant policies (RQ2). I describe and evaluate the methods used in this thesis, including the participatory aspects (RQ4)
Chapter 4  presents the community experiences of minigrids, focusing on the case study of Mpale. I compare the results of my fieldwork with existing frameworks, finding that they are limited in including justice issues and community perspectives on techno-economic and environmental issues (RQ1, RQ2). I discuss how using participatory approaches has contributed to my findings (RQ4) and provide recommendations to improve frameworks (RQ3)
In Chapter 5, I situate my published paper (Mottram, 2022)on inequity in minigrids within this thesis. In the paper, I demonstrate how existing tariff and connection policies lead to various injustices (RQ1, RQ2). I critique the shift to private companies delivering energy access without adequate customer protection. 
Chapter 6 focuses on the modelling and analysis of load profiles. Although households have seasonal income, day-to-day financial pressures have a more significant impact on system-wide energy use (RQ2). I show how in Mpale, new connections were more impacted by seasonal variation in income (RQ1). I demonstrate the importance of understanding the local context when modelling load profiles by discussing the impact of underpayment and non-payment on demand (RQ3). This chapter is currently in review with the journal ‘Energy for Sustainable Development’. 
Finally, I conclude my thesis by presenting my responses to my research questions and objectives, identifying how I have added to the literature and the implications for policy and practice (RQ3), including how the use of participatory approaches has contributed to my thesis (RQ4). 

Figure 1 below illustrates the interplay between my research questions and where these are primarily addressed within the thesis. 
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Figure 1 Schematic of this thesis
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[bookmark: _Toc147091067]5. Why am I doing this research? 
The ideas for this thesis originated in my previous role as the coordinator of the ACCESS Coalition, an international alliance of civil society organisations working on energy access. In this role, one of my foci was advocating for the inclusion of civil society and community groups in energy projects and planning. I became aware of many research gaps – including research that took inclusive approaches and bought together approaches from different disciplines. It is also important to me that my research has, wherever possible, a positive impact on the communities I work with and on disadvantaged communities more broadly. 
My academic and work experience is broad – I wanted to draw on this interdisciplinarity in my thesis. My undergraduate degree was in natural sciences, followed by time as a Physics Teacher. I then worked in policy and regulation at the Office for Gas and Electricity Markets and the Department for Energy and Climate Change, including work on climate services for development. 
Although my background has bought a range of experience to this thesis, I have also been limited by my positionality. As a white British researcher, I struggled with the legacy of colonialism in research, particularly when seeing the inequality rural communities faced. I discuss these issues in my methodology in Chapter 3.

[bookmark: _Toc147091068]6. Publications and presentations
I have presented my work in a wide range of fora, where I have both shared outcomes of my research and been able to receive feedback from diverse sources. I have listed below presentations at academic conferences and my publications. I have also written blogs, participated in webinars (e.g. Engineers without Borders, Fuel Poverty Research Network)  and led workshops related to my work in schools. 
Mottram, H. (2023), Perceptions of success in rural electrification projects in Tanzania, 4th International Conference on Solar Technologies & Hybrid Mini Grids to improve energy access (abstract accepted)
Mottram, H. (2023), Modelling of energy demand for rural electrification: Insights from fieldwork on a solar minigrid in Tanzania (In Review – Energy for Sustainable Development)
Mottram, H. (2022) ‘Injustices in rural electrification: Exploring equity concerns in privately owned minigrids in Tanzania’, Energy Research & Social Science, 93, p. 102829. Available at: https://doi.org/10.1016/J.ERSS.2022.102829
Mottram, H & Mrosso, T (2022) How to design successful minigrids that meet the needs of rural communities.  Resource available in English : https://rb.gy/fecnp2  and Swahili : https://rb.gy/wo0xs9 . Project funded by Fuel Poverty Research Network. 
Mottram, H (2022) Challenges And Assumptions In Modelling Energy Demand For Rural Minigrids: A Comparison Of Survey Data And System Data From A Solar Minigrid In Tanzania, 3rd International Conference on Energy Research & Social Science, 20-23 June, Manchester, UK
Mottram, H. (2019) Participatory Research into Minigrids for Rural Electrification. International Conference on Energy, Aquatech and Sustainability, 12 August, Arusha, Tanzania. 
Mottram, H (2019) A trans-disciplinary approach to energy access research. Royal Geographical Society – IBG Annual International Conference, 29 August, London, UK.
Mottram, H. (2018) Microgrids for rural electrification - bridging the gaps between the social and the technical. Pan-African University for Water and Energy Sciences Research 2 Practice Forum. 17 April. Tlemcen, Algeria.
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[bookmark: _Toc147091070]Chapter 2 – Literature review
1. [bookmark: _Toc129788468][bookmark: _Toc147091071]Overview
This literature review starts with an introduction to the global context of rural electrification. Section 2 looks critically at current global energy access targets and whether they are appropriate. Section 3 reviews different approaches to rural electrification and why it is important to conduct research into decentralised systems. Section 4 focuses on energy justice, a theoretical framework used throughout this thesis. In Section 5, I look at the different ways the success or sustainability of projects is defined and measured, including why many decentralised projects have failed. A review of community participation in energy research in Section 6 follows this. Section 7 reviews the literature on modelling and planning, particularly regarding tariff structures and load profiles. I consider how social aspects and justice are included in these approaches. I conclude with how I have bought these topics together into my research objectives and research questions. 
This literature and the points of conflict I have identified are considered throughout this thesis, and in the conclusion I have discussed how I have contributed to the literature. 

2. [bookmark: _Toc129788469][bookmark: _Toc147091072]The global context of rural electrification
Around 1 in 10 people globally lack access to electricity. In rural areas of Sub-Saharan Africa, this increases to around 7 in 10 people (World Bank, 2022b).  For those that have access, there is uncertainty about the quality and affordability of their electricity access and how people benefit (Independent Evaluation Group, 2008; Kirubi et al., 2009)
A lack of electricity poses significant challenges to the development of these regions. Access to electricity has the potential to improve living standards and support local livelihoods. In this section, I provide an overview of the uses of energy in the home for livelihoods and community services. This is discussed in the context of how these issues are gendered and have varying impacts on different socio-economic groups. 
2.1. [bookmark: _Toc129788470][bookmark: _Toc147091073]Household energy
Households rely on energy for essential daily activities – cooking, heating, communicating and entertaining. In areas without reliable sources of electricity, people rely on firewood, charcoal, kerosene, batteries, and solar appliances. Using firewood, charcoal and kerosene lead to high levels of air pollution with dangerous impacts (World Health Organization, 2022). Solar appliances can be expensive and difficult to purchase (Cross, 2019; Samarakoon, 2020).  Electricity access for homes means people can have access to safe and clean, lighting and communication tools (e.g. mobile phones, computers, radio and television). 
2.2. [bookmark: _Toc129788471][bookmark: _Toc147091074]Energy and gender
Due to traditional gender roles in many communities, there are many interlinkages between energy and gender. Males are often seen as the decision makers in households, so markets and energy services have tended to cater for their needs. This is demonstrated in the previous focus in research on energy for agriculture, cultivation, and leisure (Cabraal et al., 2005). Women are often responsible for cooking and collecting fuel, so suffer most where they do not have access to clean, reliable energy solutions, particularly for cooking.
While this project will focus on electrification through minigrids, it is important to also consider access to clean cooking. In 2016, about 40% of people globally do not have access to clean cooking, including about 85% of people in Sub-Saharan Africa and about 98% of people in Tanzania (World Bank, 2022a). This leads to impacts on health, particularly for women and children. 
Rural electrification has the potential to deliver access to clean cooking for communities, but there are technical, social and economic barriers (Sieff, 2022). If there is not a reliable source of electricity, people will return to using previous methods, particularly as cooking is a highly cultural activity. Because of the socio-cultural nature of cooking, solutions will need to be bottom-up and take into consideration the needs and desires of communities. Potential alternatives include cooking with gas or using improved cookstoves (Akintan et al., 2018; Olang et al., 2018).
A report by the UN Development Programme found that projects that took into account the gendered differences in energy usage were more successful (Knoeri et al., 2016). The delivery of energy services, particularly communication tools, can have a positive impact on communities understanding of gender issues (Baldwin et al., 2015), such as improving women’s awareness of their rights. 
2.3. [bookmark: _Toc129788472][bookmark: _Toc147091075]Electrification and inequality
Electrification can further exacerbate existing inequalities in communities, as those better off are more likely to be able to afford to purchase the equipment to improve their livelihoods. For example, in India it was found that it was the richer farmers who were able to purchase irrigation equipment to increase their crop yields (S. C. Bhattacharyya, 2006). In an ethnographic study of electrified communities in South Africa, Matinga and Annegarn (Matinga & Annegarn, 2013) found that implied benefits of electrification did not materialise due to a lack of supporting services, unclear information and existing inequalities and power dynamics. The research supported previous findings that middle income and rich households, who had resources to exploit the benefits of electrification, were the ones who most greatly benefited (Kooijman-Van Dijk, 2008). This is further supported by research by the World Bank (Independent Evaluation Group, 2008) which found that benefits mostly accrue to non-poor households, and that productive uses of electricity were rare. In this thesis, I use the phrase income-generating activities as other activities, such as cooking, education and healthcare, are also productive. While inequality has been observed, the literature does not cover in more depth how communities experience it, and whether projects could be designed or implemented to reduce inequality (Best & Garside, 2016; Contejean & Verin, 2017; Independent Evaluation Group, 2008). This is something that will be investigated in this thesis. 
2.4. [bookmark: _Toc129788473][bookmark: _Toc147091076]Electricity and livelihoods
The use of electricity for income generating activities is important for the long-term sustainability of energy systema (Riva, Ahlborg, et al., 2018). It increases the willingness and ability of people to pay for electricity and can create demand. This means that systems can be maintained and there is potential for the system to be used more efficiently.
Community participation is particularly important when considering productive uses, however this has been given little attention in electrification projects. It may also be necessary to develop capacity and skills of the local community (Best & Garside, 2016) .
Income generating activities have specific requirements on both the amount of electricity required, and how this is delivered. These depend on the activity and the scale, so are highly context dependent (Mandelli, Barbieri, et al., 2016a).
Providing access to electricity has the potential to deliver wider development benefits. There is potential for communities to improve their livelihoods through income generating activities, or productive uses of electricity. Research by the International Institute for Environment and Development has found that more research is needed on productive uses of electricity, particularly in sub-Saharan Africa (Contejean & Verin, 2017). They found that in projects productive uses of electricity are expected to follow from the delivery of electricity access, rather than being integrated into the planning for the project. Income generating activities are important for sustainability of projects, but ideas are dependent on the community and context (Kabalan et al., 2015). Electrification projects that have measures to support local economic development improve customers’ ability to pay, improving the wider economic impact of an access project. In this thesis, I will look at the impact of specific income generating activities on the use of minigrids, and feedbacks within the social and technical systems.
Electricity is important for community services such as hospitals, clinics and schools. However, there also may be negative impacts on the community. For example, following electrification of a town in rural Namibia, new bars in the area contributed to the local economy but also affected levels of alcoholism, crime and disorder (Azimoh et al., 2017).
2.5. [bookmark: _Toc129788475][bookmark: _Toc147091077] Conclusion
This section demonstrates the importance of energy for many aspects of people’s lives. This has led to it being enshrined in the Sustainable Development Goals, which have been a focus of both discourse and funding. However, it is important to consider whether these targets are meeting the needs of rural communities. 
3. [bookmark: _Toc129788476][bookmark: _Toc147091078]Are global energy access targets appropriate?
In 2015, the Sustainable Development Goals (SDGs) were adopted, with targets to be achieved by all countries by 2030 (United Nations, 2015a). Sustainable Development Goal 7 (SDG7) focuses on affordable and clean energy, with a combined focus on achieving energy access and reducing carbon emissions.  
Sustainable Development Goal 7 (SDG7)  is “Ensure access to affordable, reliable, sustainable and modern energy for all”. SDG7 is composed of three targets – access to electricity, increasing the share of renewable energy and improving energy efficiency (table 1). 





	Targets
	Indicators

	7.1 By 2030, ensure universal access to affordable, reliable and modern energy services
	7.1.1 Proportion of population with access to electricity
7.1.2 Proportion of population with primary reliance on clean fuels and technology

	7.2 By 2030, increase substantially the share of renewable energy in the global energy mix 
	7.2.1 Renewable energy share in the total final energy consumption

	7.3 By 2030, double the global rate of improvement in energy efficiency 
	7.3.1 Energy intensity measured in terms of primary energy and GDP


[bookmark: _Toc128421514]Table 1 Sustainable Development Goal 7 targets and indicators  (United Nations, 2015b)
Meeting the targets of SDG 7 will support the meeting of targets such as health, education and livelihoods. Delivering energy access through renewable sources also supports the reduction of carbon emissions, which is part of Sustainable Development Goal 13. Energy access is important both because of the potential for renewable energy to play a larger role, but also in supporting communities’ resilience to changes in climate – such as through powering irrigation systems and water pumping (Kaygusuz, 2011; Lemaire, 2014).
3.1. [bookmark: _Toc129788477][bookmark: _Toc147091079]Critiques of SDG 7 
There is a wide range of critiques of the Sustainable Development Goals, including SDG 7 on energy access (Fuso Nerini et al., 2018; Munro et al., 2017; Shyu, 2021; Villavicencio Calzadilla & Mauger, 2017).
Compared to Millennium Development Goals, the Sustainable Development Goals were a more inclusive process but there are still criticisms that they represent a form of neo-colonialism. For example, low-carbon technologies are being imposed on poorer nations, whilst richer nations continue to use fossil fuels (Monyei et al., 2018). The push for renewable energy projects has had negative impacts on local communities as well as the environment (Barragan-Contreras, 2021; Yenneti & Day, 2015). The use of ‘modern’ energy is problematic, framing traditional energy use as bad (Munro et al., 2017).
The focus of the indicators is on what should be achieved, but not how. This means that they don’t address issues of procedural and recognitional justice, such as inclusive development, community participation and the role of the state and private sector (Munro et al., 2017; Schwittay, 2011). Distributional injustice is addressed through aiming for energy access for all, but this does not include consideration of how the costs of energy are distributed or whether more vulnerable or marginalised groups should be targeted. 
Definitions of what access means are also unclear. For example, India’s government considers a village electrified if 10% of households are connected (Agrawal et al., 2020). Affordability is a major barrier to access, but this is only considered in the higher tiers of the multi-tier framework (introduction in Section 5.1, Table 2). The technical framing focussing on connections doesn’t reflect how energy populations experience and interact with energy (Samarakoon, 2019).
Although SDG 17 has targets around collaboration and partnerships, in practice many projects are implemented in a siloed way, which limits the potential wider development impacts. 
3.2. [bookmark: _Toc147091080][bookmark: _Toc129788478]Conclusion 
Whilst international targets and goals demonstrate commitment to change, the SDGs in their current form are not sufficient to deliver their aims. In this thesis I will look at broader ways of looking at success, with a focus on community experiences and energy justice. 
4. [bookmark: _Toc507509260][bookmark: _Toc510539339][bookmark: _Toc514084053][bookmark: _Toc524601804][bookmark: _Toc129788479][bookmark: _Toc147091081]What approaches have been used for electrification?
Over the past 20 years, most of the increase in electrification globally has been from fossil fuel generation, connected by a centralised grid (International Energy Agency, 2017). However, for many areas there are challenges to improving access to electricity, such as cost, political will and government policy (S. C. Bhattacharyya, 2013). Since 2012, there has been a shift with a larger proportion of access coming from renewable and off grid sources – particularly in rural areas. 
Due to the varied geographies of countries without 100% electricity access, to achieve this they will need to use a range of technologies and approaches to electrification. Following a review of costs and benefits of different methods of electrification(Palit & Bandyopadhyay, 2016) conclude that they should be viewed as complementary, rather than competing or mutually exclusive.  
Across different countries, there have been a range of approaches used for electrification that have achieved varying levels of success (S. C. Bhattacharyya, 2012a). In China there was a recognition of the strong link between electrification and rural economic development (S. C. Bhattacharyya & Ohiare, 2013; Valentine, 2014). Similarly, in Vietnam there was a focus on productive uses of electricity to create demand and involvement of stakeholders (Kooijman-van Dijk & Clancy, 2010). In both these cases, alignment between electrification and other policies both enabled broader benefits of electricity access and enhanced economic sustainability due to increased incomes. Bhattacharyya suggests that the same level of success hasn’t been seen in India for several reasons. The subsidy mechanisms in India have meant projects haven’t been financially sustainable. A poor quality of supply has led to electricity only being available at certain times, leading to customer dissatisfaction. In Thailand, successful electrification has largely been delivered by grid extension (S. Bhattacharyya, 2013). Reviewing across many successful and unsuccessful electrification plans, Bhattacharyya (2013) identifies flexibility, bottom-up engagement and local ownership as key factors in the success of electrification projects.
4.1. [bookmark: _Toc129788480][bookmark: _Toc147091082]Grid extension
Over the past 5 years the increase in electrification globally has largely come from grid extension and connections (International Energy Agency, 2017). The electricity source is dependent on the national electricity mix and is typically dominated by fossil fuels and in some cases large scale hydropower. Transmission and distribution networks form a large part of the cost, particularly when extending to rural communities. There may also be high electrical losses during transmission and distribution. Although the grid is often considered the most reliable form of accessing electricity, in practice this is often not the case. 
4.2. [bookmark: _Toc129788481][bookmark: _Toc147091083]Minigrids
Minigrids may be powered by solar photovoltaics (PV), wind, geothermal, micro-hydro or fossil fuels. They are electricity systems that are able to operate independently of the national grid, and have a peak power rating of less than 1 Mega Watt (MW) (Energy Sector Management Assistance Program, 2000). As there are a range of costs and benefits to each source, hybrid minigrids have potential to provide a better solution than a single generation source minigrid. They are less dependent on specific conditions such as weather or fuel prices and there is greater potential for community involvement and benefit (Jimenez-Estevez, 2014).
Smart grids use enhanced technology, such as sensors, digital systems and software (Ehnberg et al., 2016a; Qayyum et al., 2015). Their enhanced capabilities for two-way communication, pricing and control mean there is potential for greater efficiency. Adil and Ko (Adil & Ko, 2016) use examples from the United States to demonstrate how there is co-evolution between the social and technical aspects of minigrids. Some of the technical capabilities of smart grids rely on consumers interacting with their electricity supply in new, different ways. There are also implications for planning and policy, such as how customer data is protected.
There are several factors that contribute to why decentralised solutions are often favoured in rural areas (Mandelli, Barbieri, et al., 2016b) these include:
· Accessibility. There can be high costs in extending national transmission works, so in remote areas distributed energy systems can be cheaper and faster to implement. 
· Load demand. Newly electrified consumers have relatively low demand, so are suitable consumers for smaller scale generation. Over time, demand may increase so projects may need to expand, or be able to be connected to the national grid. 
· Poverty reduction. Electricity is necessary for many aspects of improved livelihoods. To wait for grid extension would have negative impacts on the wellbeing of people in rural areas during the intervening time.
· Technological leapfrogging. As demonstrated by the uptake of mobile phones across sub-Saharan Africa, there is a potential for countries with low levels of electrification to follow a different path to industrialised countries. Transitioning directly to distributed renewables would avoid the challenges industrialised countries are facing with fossil fuels around security of supply, carbon emissions and air pollution.

4.3. [bookmark: _Toc129788482][bookmark: _Toc147091084]Home systems
Consumers who have not been provided with access to the main grid may, if they can afford to, purchase independent home systems and solar appliances. Traditionally, home-systems have been diesel generators. More recently solar home systems have become more common. However, the upfront costs of solar home systems are greater than diesel generators. Financing is often a barrier to implementation (International Energy Agency, 2017b). Solar home systems and appliances are predominantly delivered through private sector models, meaning they are only accessible to those who can afford them. There are wider justice issues such as access to these markets, affordability and right to repair if they break (Cross, 2019; Samarakoon, 2020).
4.4. [bookmark: _Toc129788483][bookmark: _Toc147091085]Other forms of electricity access 
There are also homes or communities that do not have access to an electricity supply but still have access to individual electronic appliances, powered by solar or batteries, however these are generally delivered through market-based approaches (Cross, 2019; Samarakoon, 2020). One example is energy centres which could be connected to the national grid, a minigrid or have their own power source – where people can charge either appliances such as mobile phones, or a battery to be used in the home (Roche & Blanchard, 2018). 
4.5. [bookmark: _Toc129788484][bookmark: _Toc147091086]Conclusions
Minigrids and smaller scale distributed generation play a key role in rapidly electrifying rural areas, in an affordable way. There is potential for projects to be delivered in innovative ways, however this can also lead to difficulties and injustices.   As they can offer varying levels of supply, it’s important to consider how well this meets communities’ needs.
5. [bookmark: _Toc129788485][bookmark: _Toc147091087]Energy justice and energy ethics
Energy justice is a multi-disciplinary approach that examines the distribution of benefits and harms of energy production, consumption, and access across different populations and regions (Heffron & McCauley, 2017; K. Jenkins et al., 2016). In this section I will discuss existing frameworks, bringing in insights from energy ethics and the Ubuntu philosophy. 
Current theories of energy justice build on the work Rawls - ‘Justice as Fairness’ (Rawls, 1971). Rawlsian justice has two main principles. Firstly, that every individual has an equal right to basic liberties. Secondly, that any social or economic inequalities satisfy two conditions: that they are associated with opportunities open to all (fair equality of opportunity), and that they most benefit the least-advantaged members of society (the difference principle). The work of Sen (Sen, 1999, 2005) brings in the importance of individual capabilities. That is, it is not just focusing on the distribution of goods, but also how those goods enable people and communities to flourish according to their own wishes. 
Environmental justice applies Rawls’ theories of justice, alongside aspects of pluralism and inclusions of non-humans (Schlosberg, 2007). Rawlsian justice focuses on individuals and the distributive nature of justice. Environmental justice also emphasizes the importance of procedural justice and participation in processes, particularly local autonomy (Lake, 1996). There are often racial and cultural barriers to justice, which are considered as recognition justice (Fraser, 2009).  
5.1. [bookmark: _Toc129788486][bookmark: _Toc147091088]Energy justice
There are two main theoretical energy justice frameworks, both of which build on ideas from the environmental justice movement and are grounded in European and North American theories of justice. The three core tenets framework (K. Jenkins et al., 2016; McCauley et al., 2013) adopts ideas of distributional, procedural and recognition justice (Schlosberg, 2007). Other work suggests including restorative justice (Heffron and McCauley, 2017) and cosmopolitan justice (McCauley et al., 2019), each aspect is elaborated below. 
5.1.1. [bookmark: _Toc129788487][bookmark: _Toc147091089]Distributional justice
Distributional justice concerns how and where the costs and benefits are distributed. It stems from Rawlsian ideas of justice – that the main principle of social justice is fairness in the distribution of both positive and negative impacts (Rawls, 1971). In the US, there has been a focus on where the negative impacts of pollution from energy are experienced (Jenkins et al., 2016). In rural electrification distributive justice is more concerned with who benefits from projects. Cross and Samarakoon have demonstrated that it is often poor and marginalised groups who benefit less from these projects (Cross, 2019; Samarakoon, 2020).
5.1.2. [bookmark: _Toc129788488][bookmark: _Toc147091090]Recognition justice
Often, energy injustice issues overlap with other issues in society. A lack of recognition justice can occur due to racism and cultural or political domination. Fraser (Fraser, 2009) has identified three categories of recognitional injustice: cultural domination, non-recognition, and disrespect. For example, Barragan-Contreras (2021) found that in the Yucatan region of Mexico, Mayan peoples’ rights as indigenous communities weren’t being recognised in the development of large solar projects on their land. This includes cultural domination of Hispanic communities, non-recognition of their indigenous identities and a lack of respect for their spiritual practices. 
5.1.3. [bookmark: _Toc129788489][bookmark: _Toc147091091]Procedural justice
Procedural justice is the right to fair process during decision making. It brings together aspects of distributional and recognition justice. Acknowledging existing injustices in procedures is vital for energy systems to become more just. Procedural justice can include mobilising local knowledge, disclosing information, and representation in institutions and processes (Jenkins et al., 2016).
5.1.4. [bookmark: _Toc129788490][bookmark: _Toc147091092]Restorative justice
Restorative justice concerns acknowledging historical injustices and taking steps to address impacts. One example of this is loss and damage in climate negotiations – historically polluting countries providing finance to those suffering the impacts of climate change  (Robinson & Carlson, 2021).
5.1.5. [bookmark: _Toc129788491][bookmark: _Toc147091093]Cosmopolitan justice
Cosmopolitan justice focusses on the global scope of energy justice – accepting that all people globally have equal moral worth, and justice responsibility crosses borders. This is particularly relevant when considering resource use and carbon emissions (McCauley et al., 2019). 
5.2. [bookmark: _Toc129788493][bookmark: _Toc147091094]A right to energy?
Access to energy is not specifically enshrined in the UN Charter for Human Rights. There is recent discussion regarding how a right to energy could be formulated, and what entitlements should be included (such as affordability and reliability)(Shyu, 2021). Löfquist (2020) considers that it should be a derived right. This is because access to energy, and electricity in particular, is vital for health, education, adequate living standards, and housing. Tully (2006) goes further – proposing that access to electricity should be a right in itself. This is because it has become ‘virtually essential to contemporary human survival’ (p7), and as access to electricity become a right would increase awareness and support for those currently without. 
There is a dominant discourse of private sector led approaches to development – referred to as ‘the fortune at the bottom of the pyramid’ (Ausrød et al., 2017; Prahalad et al., 2010). However, this raises concerns around who is benefiting, with the poorest in society often still being excluded (S. Bhattacharyya, 2018; Karnani, 2007). In my publication (Mottram, 2022) , presented in Chapter 5, I discuss how this has led to injustices in privately owned minigrids in Tanzania. 

5.3. [bookmark: _Toc129788492][bookmark: _Toc147091095]Ubuntu and energy justice
One criticism of the existing theories of energy justice is that they have been developed by scholars based in Europe and the US (Sovacool et al., 2017). This is also where the majority of energy justice literature is focused, though there is an increasing amount of more global research (Lacey-Barnacle et al., 2020). Across the world there are theories of justice, with a long existence in oral traditions. However, historically they have been overlooked in Western ideas of justice (Eze, 2021).
Whilst Rawlsian ideas of justice focus on the individual (Chibber, 2004; Rawls, 1971), African perceptions on justice and human rights have a focus on the community. One way that this can be demonstrated is through perceptions on the Universal Declaration of Human Rights (UDHR). Many authors argue that the UDHR cannot be universal as they are rooted in Western ideals – such as liberal ideas that prioritise the individual over the community (Tharoor, 1999). Further to this, the UDHR use a top-down approach which focuses on laws and government actions, rather than communities, individuals and cultural institutions (Eze, 2021). The importance of communities is demonstrated in the African Charter on Human and Peoples’ Rights (the Banjul Charter), adopted in 1981, which formally recognises the rights of groups as well as individuals (African Commission on Human and Peoples’ Rights, 1981). 
Ubuntu is a key theory of justice from Southern and Eastern Africa. It is a belief in a universal bond of sharing that connects all humanity. The core principles of the Ubuntu philosophy include empathy, compassion, generosity, hospitality, and a shared responsibility for the well-being of the community. The philosophy stresses the importance of treating others with dignity and respect and promoting social justice and equality for all. Ujamaa is a theory of justice local to Tanzania (Barber, 1970; Ibhawoh et al., 2003; Nyerere, 1971). Similar to Ubuntu, it focusses on the role of community, and more specifically co-operative economics. In an energy justice context Ujamaa could be seen to value the importance of universal access to electricity, as well as participation in planning and policy making. However, the philosophy of Ujamaa has not been applied to energy access or rights in existing literature. 
Under Ubuntu, community is not just part of a rights framework, but there can be no human rights without community (Ibhawoh, 2018). Samkange (1980, p. 7) outlines three maxims of Ubuntu: 
1. To be human is to affirm one's humanity by recognizing the humanity of others and, on that basis, establish respectful human relations with them 
2. If and when one is faced with a decisive choice between wealth and the preservation of the life of another human being, then one should opt for the preservation of life
3. The king owes his status, including all the powers associated with it, to the will of the people under him
When applying these maxims to energy justice, the first could be seen to include recognising people’s basic rights to access electricity and being protected from any potential harms. Access to electricity has been recognised as a basic need (Löfquist, 2020; Tully, 2006), and hence part of one’s humanity being recognised. The third maxim is related to procedural justice, particularly the importance of communities in decision making. Onazi (Onazi, 2013) discusses how  community led development can be a  human-rights alternative to a marketized approach, drawing on Ubuntu ideology.(Chipango, 2023) argues that energy poverty is a failure of the relationship between the state, the market, civil society and citizens. Drawing on the Ubuntu ethic, they conclude that improving these relationships is vital for development.  
Ubuntu philosophy makes a bold statement about wealth and justice. Choosing wealth or profit over human lives is irreconcilable with the second maxim (Samkange, 1980).Around 2.4 billion people globally use open fires or inefficient stoves for cooking – using fuels such as kerosene, biomass and coal, as well as these fuels for lighting. This causes harmful levels of indoor air pollution, which was responsible for an estimated 3.2 million deaths in 2020, as well as contributing to many millions more (World Health Organization, 2022). A lack of action on clean cooking goes against this second maxim. 
In this thesis I will draw on Ubuntu philosophy by considering impacts across communities, and not just for individuals with access. I hope that by using participatory methods I will better acknowledge participants humanity and disrupt existing power dynamics. 
5.4. [bookmark: _Toc129788494][bookmark: _Toc147091096]Energy ethics
Given this conceptual orientation of anthropology, our calling for attention to energy ethics does not involve the scholar making a priori assumptions about what constitutes a good life, a good community, a moral person and the like. (High, 2017, p4) 
The quote above demonstrates how although these energy justice frameworks can be helpful, it is also important to avoid making assumptions about others’ perceptions of fairness and morality.  This is an energy ethics approach, which appreciates the plurality and complexity of these issues. 
Existing energy justice frameworks have been developed and largely applied in the Europe and the USA and have been argued to reproduce rather than transform existing power relations (Tornel, 2022). Santos (Santos, 2015) argues that this historical failure to acknowledge different ways of knowing can be considered as ‘cognitive (in)justice’ – where it is necessary to unthink dominant criteria and approaches. An energy ethics approach applies an interpretivist perspective, acknowledging that knowledge is situated within a context and that different perspectives are valid knowledge. 
High and Smith (Smith & High, 2017)discuss the importance of ethnographic approaches to investigate energy issues. This allows analysis to be social, situated and open to diverse viewpoints. 
5.5. [bookmark: _Toc129788495][bookmark: _Toc147091097]Conclusion
In this thesis I will draw on existing frameworks of energy justice, but will also take an energy ethics approach which values the importance of communities’ and individuals’ perceptions. The following section discusses how success of rural electrification projects is defined, which focuses on technical and economic indicators. This leads to my first research question and related objectives: 
RQ1) How do justice issues manifest in community experiences of minigrids?
O1.1) Evaluate the community experiences of minigrids using theories of energy ethics and energy justice
O1.2) Identify instances of justice issues alongside their impact on communities

6. [bookmark: _Toc129788496][bookmark: _Toc147091098][bookmark: _Toc524601793]How is success or sustainability of projects defined
Section 4 discussed different approaches to delivering rural electrification. It is important to also consider how successful both policies and approaches and individual projects are. Different approaches to project evaluations, including the World Bank’s Multi-Tier framework, will be discussed in terms of how they include community perspectives as well as techno-economic considerations.
6.1. [bookmark: _Toc129788497][bookmark: _Toc147091099]Defining electricity access
In the literature many authors describe the challenge of defining energy access, and a lack of data on the quality of electricity connections (S. Bhattacharyya, 2013; Foster et al., 2015).  This means it has been difficult to compare data across countries or regions/ Access to energy can occur at a range of levels, so it is important to consider how best to collect data that reflects this diversity (Baldwin et al., 2015).
The multi-tier framework from the World Bank introduces a tiered approach to looking at energy access as shown in table 2 and 3 (Bhatia & Angelou, 2016). This puts larger emphasis on what the energy can deliver – through both capacity and duration. At the lower tiers (1-3) aspects such as reliability, quality and legality are not considered necessary. It is important to consider different tiers of energy as households have the potential to move up the electrification ‘ladder’. A lower tier of energy access may not be sufficient to meet the needs of a household or community.  The multi-tier framework includes a similar matrix for access to clean cooking, which is important to consider alongside electricity access when defining energy access. 


[bookmark: _Toc128421515]Table 2 - Multi-tier framework matrix for households (Bhatia & Angelou, 2016, p. 6)
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In addition to measuring electricity access at a household level, the framework also has a matrix for energy access in community institutions (table 3). This is important to consider when investigating development impacts as energy is necessary for delivering quality services such as healthcare and education.
[bookmark: _Toc128421516]
Table 3 Multitier framework for communities(Bhatia & Angelou, 2016, p. 16)
[image: ]
One significant issue with the multitier framework is how affordability is included. This is a limiting factor across all levels of access (Cross, 2019; Mottram, 2022; Samarakoon, 2020), however it is only considered in tier 4 and 5 in both the household and community matrices.  Whilst this tiered approach builds on narrower definitions of energy access, it fails to account for the variation in success of bringing positive development to communities. The framework is also limited as it is looking exclusively at electricity, whereas the benefits of electricity can be limited by much broader factors, such as transport infrastructure and access to financing (Chaurey & Kandpal, 2010; Karakaya & Sriwannawit, 2015)
6.2. [bookmark: _Toc507509252][bookmark: _Toc510539330][bookmark: _Toc514084048][bookmark: _Toc524601794][bookmark: _Toc129788498][bookmark: _Toc147091100]The role of energy in sustainable development
Energy has potential to be an enabler of sustainable development – it is necessary for many aspects of improving the livelihoods of poor people, but on its own it is not sufficient (International Council for Science, 2017). There are also negative impacts of electrification, which are less widely studied (Baldwin et al., 2015). Success of projects is about more than just connections. How successful projects are also depends how they benefit communities more broadly. 
Reported benefits from electrification include safety, improved standards of living, improved health care, improved food storage and improved learning experience. These benefits are largely self-reported (Azimoh et al., 2016a), and there is research that casts doubt on the wider livelihood benefits from projects that are ill-implemented (Almeshqab & Ustun, 2019). The linkages between energy use and human wellbeing are not well studied, particularly at a community level. Therefore, there is a need for research that investigates the socio-technical aspects of providing energy services and whether they satisfy human needs (Brand-Correa et al., 2018).
Human needs are not met solely by the delivery of end-use products (such as water, kilowatts of electricity, litres of fuel), or through infrastructure (roads, power lines, buildings), but through services (hygiene, communication or accessibility). These services are delivered through an interaction of communities and organisations with the products and infrastructure (Knoeri et al., 2016). Projects that focus on the provision of products and infrastructure, without considering the needs of end-users, will have a limited development impact.
Many technical articles concentrate on the number of households electrified, rather than the development impact (Kim et al., 2017; Rajbongshi et al., 2017). This means that development outcomes  associated with electricity access are rarely measured, such as impacts on education, livelihoods and inequality. Other unexplored aspects include the role of energy in local economic development and its effects on local governance. Patterns between energy and development are understood largely at a global, macroscopic level. The local dimensions of this nexus are not well captured, particularly in poorer rural areas (Riva et al., 2018). 
The impacts of energy on a community can be highly variable, and some are difficult to measure. Social impacts can include productivity (e.g. increase in employment), community (e.g. social capital, changes in youth migration) and on quality of life (e.g. earnings, education, health). Electrification can enable these changes, but the benefits are not automatic (Ubilla et al., 2014). The need for enabling activities and services has been discussed by many authors(Cabraal et al., 2005).
6.3. [bookmark: _Toc514084050][bookmark: _Toc524601800][bookmark: _Toc129788499][bookmark: _Toc147091101]Link between electricity usage and the Human Development Index
Figure 3 shows the correlation at a national level between energy use per capita (IEA, 2014) and the human development index (HDI) (UNDP, 2023).  It demonstrates that there is a correlation between energy use and HDI – however it does not explore the reasons behind this or the directions of causation. Energy has been used for this chart rather than electricity use for several reasons. In countries such as Iceland, there is a large amount of electricity generated from geothermal activity, which is then also used for heating homes. In many countries with low rates of electrification, biomass is a significant energy source for light, heating and cooking. This chapter will later discuss in section 4.2 how this trend has been used to model energy demand. During the process of quantification, assumptions are made which means the results may not accurately reflect reality (Riva, Ahlborg, et al., 2018). Miller et al (2015) highlight how although there is a trend, there is huge variation in the relationship between HDI and energy access in different countries. 



[bookmark: _Toc129797087][bookmark: _Toc129797319]Figure 3 Human Development Index and energy use per capita. Data from UNDP (2023) and International Energy Agency (2014)
6.4. [bookmark: _Toc118734048][bookmark: _Toc524601822][bookmark: _Toc514084061][bookmark: _Toc129788500][bookmark: _Toc147091102]Evaluation of sustainability and development impacts
As a potential benefit of electrification projects is long term development impacts, it is important that they are revisited and evaluated. Terrapon-Pfaff (2014)completed evaluations of 23 electrification projects from around the Global South. However, these consisted of just interviewing those responsible for project implementation. They found links between technical sustainability and socio-economics – particularly the importance of ownership and localisation. These ideas could be further investigated using a wider range of participatory approaches that incorporate community perspectives. For example, they found little documentation on the gender dimensions of projects, but there was evidence to suggest that projects were more sustainable when energy for food preparation was considered. 
There is benefit in using pre-defined sustainability goals, such as uses for policy makers – however there is a research gap in using more participatory and ethnographic methods to understand community interactions with energy technology. Current research focuses on methods, not evaluation. Where there is evaluation it is generally on whether the project was a success technically, not on the impacts the project had on the health, education, or livelihoods of the communities (Ikejemba, Schuur, et al., 2017; Ubilla et al., 2014). 
There is not a standardised approach to evaluating rural electrification projects. Options for evaluation frameworks include environmental impact assessments, life cycle assessments, social impact assessments and cost-benefit analysis (Colombo et al., 2018). A large amount of project evaluation is completed by non-governmental organisatins, particularly in the context of proving impact of donor funding. CAFOD and IIED have used a participatory approach to evaluate a project in Kenya using a delivery models approach (Garside et al., 2017). While this framework provides insight on the impact on communities, there is limited technical evaluation of the electricity systems. 
A method for monitoring rural minigrids in rural communities has been proposed by Rahmann et al(2016). They highlight the need to consider negative impacts, which are often underestimated, as well as the positive impacts of projects. A set of criteria covering technical, economic, social and environmental aspects of sustainability of minigrids have been developed. It is suggested that weighting of criteria could be varied in different areas depending on local context, however this could limit the potential for wider comparisons. Although the paper mentioned broader social indicators for projects, the case study provided only considers whether electrification has been provided to the home. 
Many projects lack monitoring systems, so project implementers are not able to identify changes that could improve the grid operation or when maintenance is needed. Operational information on rural minigrids is only sparsely available (Blodgett et al., 2017)Although projects with smart meters collect a wide range of data, there are challenges around this being publicly available as it is owned by private companies. A further issue associated with this is a lack of clarity of ownership of a project post-implementation (Ikejemba, Schuur, et al., 2017). This means it can be difficult to trace responsibility for projects (Ikejemba, Mpuan, et al., 2017).
Communities could play a role in supervisory control and data acquisition (SCADA) (Jimenez-Estevez, 2014). The SCADA project had social and technical components to empower the community to manage the ongoing operation of the minigrid. It was necessary to create a range of tools and interfaces, such as real time operation, maintenance, resource management and dispatch and decision making/planning. 
There are studies which evaluate the impact of electrification systems on productive uses in communities (Bensch et al., 2012; Garside et al., 2017). However, these studies do not look at the feedback loops from income generating activities, and how these affect the technical operation of the systems.

6.5. [bookmark: _Toc129788501][bookmark: _Toc147091103]Why do off-grid electrification projects fail?
Several authors have found that there are low levels of long-term success in off-grid electrification programmes (Rahman, Paatero, & Lahdelma, 2013; Urmee & Md, 2016). Technological reasons are often cited, however Garcia and Bartolome (García & Bartolomé, 2010)identified how communities perceive the new technology as the root of many problems. Maintenance issues are a common reason for failure, which is a socio-techno-economic challenge (Jimenez-Estevez, 2014). A top-down approach to design and implementation of electrification projects often fails (Cloke et al., 2017).
In a study of micro-hydro projects in the Philippines, Kabalan (Kabalan et al., 2014) used multiple methods (including technical system analysis and interviews with communities) to evaluate the long-term success of projects. For sustainability, they found that three pillars - sociological, technical and economic - were all important. Specific issues identified for project failure included lack of training, cost of maintenance, local environmental change (e.g. changes in water level, landslides), inequity in community benefits, and lack of faith in the minigrid due to unreliability and unsuccessful productive uses of electricity. Some communities have reported that inequality in access to new projects may have led to their sabotage (Ikejemba, Mpuan, et al., 2017). 
In a review of renewable electricity projects across sub-Saharan Africa, Ikejemba (Ikejemba, Schuur, et al., 2017) found that key tools to success included shared responsibility, ownership, community involvement and transparency. They found that the stakeholders, rather than the technology, were the drivers of successful implementation. 
6.6. [bookmark: _Toc129788502][bookmark: _Toc147091104]Conclusion 
In this section I have identified different ways that energy access is defined, with a focus on electricity access. I have reviewed literature on sustainability and development impacts of projects, alongside the reasons for why projects fail. A lack of community participation has been identified as a key factor, and is discussed in more detail in the following section. 

7. [bookmark: _Toc129788503][bookmark: _Toc147091105]Community participation in research and in energy projects. 
Planning for rural electrification is rarely participatory, despite this approach being recommended (Herington et al., 2017a). The reasons for enhanced participation to be used in research will also be discussed, such as it being a more ethical approach to research that can uncover broader perspectives. 
Alvial-Palavicino (2011) have outlined a method for community engagement with renewable based minigrids. They highlight the importance of trust and learning process with stakeholders, especially developing reflexivity within developers. The methodology was applied to a minigrid in Chile, where they found that adoption was enhanced by participation, opening up more opportunities and benefits from the system. 
Garcia and Bartolome identify eight specific areas where it is particularly important to consider the social dimensions of technology (García & Bartolomé, 2010) :
1. Assessment of local need for power – both in the present and future
2. Selection of technical options
3. Ongoing evaluation of the system
4. Economic costs
5. Forms of participation
6. Communication and participation
7. New processes derived from the use of technology (productive uses)
8. Gender issues (and other aspects of inequality)
Belmonte et al (2015) used participatory methods to investigate how technical stakeholders viewed the socio—technical aspects of rural renewable electricity projects. They found that there is a non-linear complex relationship between society and technology – as technology is socially constructed and societies are technological. This highlights the need for more participatory research, particularly involving the communities as well as broader stakeholders. This is a challenge particularly in Africa, where policy knowledge and technical assistance are often from external sources (particularly Europe). This means it is coming from very different cultures and geographies (Matinga et al., 2014).
Brand-Correa et al (2018) used a participatory approach to research the interlinkages between human development and electricity access. Their aim was to begin to understand the current deficiency in electricity access projects delivering services that benefit communities. Using a participatory approach enables the communities to collectively construct ways of delivering energy services and supporting services. They highlight that by using participatory methods there is value both in the outcomes of the research and in the process of co-creation with communities.
Ikejemba et al (2017) used ethnographic methods to investigate success and failure of renewable electricity projects in Sub-Saharan Africa. They justified their methods primarily due to the lack of data on projects available remotely, however other benefits included being able to identify contextual factors, to examine cultural and institutional aspects and to focus on specific areas (Ikejemba, Schuur, et al., 2017). However, the aims of this research project were to develop a management method rather than to evaluate the technical aspects of the system. Ethnography was used, but there was not active participation from the stakeholders.
Using ethnography to investigate electrification in rural India revealed aspects of the social relationships and cultural values in villages. Economic models are based on the theory that consumers will make ‘rational choices’. Singh (2017) found that in practice, transactions were mutually structured and negotiated, including the sharing of electricity. This highlights how there are issues with using models that use neo-classical market principles, where households are largely understood to be motivated by price incentives.
7.1. [bookmark: _Toc129788504][bookmark: _Toc147091106]Conclusion
Involving communities in research is important to understand different types of knowledge. Ethnographical approaches are part of this, as well as participatory research. These are discussed in Chapter 3 (Methodology) and Chapter 7 (Conclusions). Chapters 4, 5 and 6 look at the potential role for this knowledge in modelling and planning of rural electrification projects. 
8. [bookmark: _Toc129788505][bookmark: _Toc147091107]Approaches to modelling and planning. 
Supplying energy to rural customers has been defined as a multi-dimensional mathematical problem by researchers and those implementing projects  (Kumar et al., 2018). There are several different categories of energy models – including energy system optimisation, market models and system simulations. When projects are not designed appropriately this can lead to oversizing, which leads to increased costs, or undersizing, which leads to outages and unmet demand (Hartvigsson et al., 2018; Tezer et al., 2017).
Attempts have been made to incorporate social aspects into mathematical modelling – but this introduces a lot of assumptions, and does not account for the diversity of community experiences (Domenech et al., 2015; Dufo-López et al., 2016). Other issues to be considered are tariff design, load profile modelling and seasonal variation in demand. 
8.1. [bookmark: _Toc147091108]Governance of minigrids
The governance of minigrids plays a pivotal role in shaping the trajectory of rural electrification projects, particularly in regions with low rates of electrification such as many parts of Africa (Brown et al., 2015; Minogue, 2013; Pedersen & Nygaard, 2018a). Examining the experiences of various governance models—private sector, community-owned, and government-led—in these contexts provides valuable insights into their impacts on planning, justice, and community participation. Different approaches to governance include community ownership, private sector, utility or state led, and hybrid models (Energy Sector Management Assistance Program, 2000). 
The choice of governance model influences planning priorities. Private sector-led models tend to emphasise cost-effectiveness, rapid deployment, and technology optimisation to maximise returns on investment (Pedersen, 2016; Pedersen & Nygaard, 2018b). Community-owned models prioritise social equity and localised development, often placing a premium on addressing specific community needs (Katre et al., 2019; Kirubi et al., 2009). Government-led models center on achieving broader access, with an emphasis on reaching underserved areas and marginalized populations (Giotitsas et al., 2020).
The justice implications of governance models are multifaceted. Private sector-driven models may inadvertently exacerbate existing inequalities by focusing on areas with higher demand and economic potential (Mottram, 2022). Community-owned models have the potential to empower local populations and promote social justice but may face challenges in addressing regional disparities and financial sustainability (Mundaca et al., 2018). Government-led models hold promise in ensuring equitable access, but they must be accompanied by transparent decision-making and effective implementation to realise their potential justice outcomes (Giotitsas et al., 2020). 
Community participation varies across governance models. Community-owned models inherently encourage active participation, enabling communities to influence decisions directly. Private sector-led models might involve communities during certain stages, but long-term engagement can be limited. Government-led models' community engagement can vary, from extensive participation to more top-down approaches. Meaningful community participation is crucial for ensuring that electrification projects align with local needs and preferences (Gill-Wiehl et al., 2022).

8.2. [bookmark: _Toc118734044][bookmark: _Toc524601818][bookmark: _Toc514084056][bookmark: _Toc510539342][bookmark: _Toc129788506][bookmark: _Toc147091109][bookmark: _Toc507509262]Modelling of minigrids 
Several authors have completed reviews of different software tools for hybrid renewable electricity systems (Hall & Buckley, 2016; Review of Software Tools for Hybrid Renewable Energy Systems, 2014). However, analysis has shown that none of the existing modelling tools are able to fulfil all requirements for hybrid minigrids, particularly in the context of the countries with low levels of electrification due to differences in demand, environment and policies (Cader et al., 2016). Many models are biased towards industrialised countries, whilst there are significant differences across systems in countries with low levels of electrification (Urban et al., 2007). Several authors discuss how there is a challenge of capturing the human dimension in such modelling approaches (Cader et al., 2016; Pfenninger et al., 2014; Urban et al., 2007). 
There is a tendency in mid-sized projects, such as minigrids, to focus on the electricity supply, rather than the social value and the arrangements for energy services (Miller et al., 2015).  In an analysis of mathematical models, Rojas-Zerpa (2014)found that inadequate attention has been paid to the modelling of rural electrification, particularly electricity requirements and long-term planning. Only considering the techno-economic aspects is too simplified, and inadequate for the human development context of rural electrification.  They found that economic aspects were always present in models, but there was a recent shift to social aspects gaining recognition (Rojas-Zerpa & Yusta, 2014). 
In a review of decentralised energy planning, Hiremath et al propose that a package of tools is needed (Hiremath et al., 2007). They suggest a flexible toolbox of models that cover demand, supply, socioeconomics and environmental impacts. Bhattacharyya (2012b) also suggest that a hybrid approach to modelling has the advantage of taking the strengths of different approaches. They identify that the social dimension is often neglected, but this can be improved with greater participation in the planning, design and implementation of systems. 
Poudyal and Paatero (2013)found that there are many failures in models used for decentralised rural electrification, which tend to focus on techno-economic optimisation. It is difficult to mathematically model quality of life (though proxies such as Gross Domestic Product (GDP) are used), so they conclude that electrification needs to be considered as part of a wider development strategy. Similarly, Hiremath et al (2007)describe a need for a flexible, multicriteria approach. Rahman et al (2013) and Kumar et al (2017) also found that many rural electrification projects fail due to a lack of attention to issues other than techno-economics. Further development of models is needed so that they reflect the variation between rural/urban, poor/rich and commercial/community/domestic communities and consumers (S. C. Bhattacharyya & Timilsina, 2010).
The Hybrid Optimization Model for Electric Renewables (HOMER) is the most widely used software throughout the literature for techno-economic optimisation of minigrids (Review of Software Tools for Hybrid Renewable Energy Systems, 2014). Many other models have been developed in the past, but the large majority have not been updated. HYBRID2, and iHOGA are also used for techno-economic analysis, and RETScreen for financial and environmental analysis, including meteorological simulations. 
In the literature there are many examples of HOMER and other tools being used in minigrid design (Azimoh et al., 2016b; Fadaeenejad et al., 2014; For example: Kanase-Patil et al., 2010; Kim et al., 2017; Rajbongshi et al., 2017). However, the majority do not reflect on the reasons for why these models were used, and the ways in which they may not be appropriate.
Azimoh (2016b) used HOMER and RETScreen to model minigrids for rural electrification in South Africa. They included a sensitivity analysis on wind speed and the price of diesel, but not on the load demand on the system. This is particularly concerning when they assumed the same usage pattern across all households, without any discussion or validation. 
Fadaeenejad (Fadaeenejad et al., 2014)evaluated different combinations of solar photovoltaics, wind, battery storage, diesel generators and micro-hydro using HOMER and iHOGA. While their modelling shows that all  the options are techno-economically viable in parts of Malaysia, the research did not consider any social or environmental aspects of the grids.
Bioenergy presents additional complexities for modelling, as there are community interactions with the feedstock as well as the conversion and allocation of energy. This could be through local land use, but also through communities providing biological material. Communication and participation is particularly important due to the impacts of locals’ perceptions of the technology. Additionally, poorly managed biological feedstock can result in environmental damage. Buchholz et al (2007) describe an adaptive systems approach, which views communities and people as part of the system, with feedback loops. They describe energy systems as constantly changing – so there needs to be ways they can adapt, interact and co-evolve with their environment.
8.3. [bookmark: _Toc118734045][bookmark: _Toc524601819][bookmark: _Toc514084057][bookmark: _Toc510539343][bookmark: _Toc129788507][bookmark: _Toc147091110]Quantification of social aspects
In a recent review of modelling tools for minigrids, Lyden (2018) found that only iHOGA integrated social aspects into the optimisation. The majority of models only optimise the costs, although some also consider minimising carbon dioxide emissions or unmet load.
Dufo-Lopez et al (2016)outline how Human Development Index (HDI) was integrated into the optimisation of minigrid models. The HDI equally weights life expectancy, mean schooling years and Gross National Income (GNI).  The HDI better correlates with electricity usage than income (GNI), however electricity is only one of the complex factors at play (Figure 4). 
Rojas-Zerpa et al. (2014)  assume a logarithmic relationship between excess electricity generated and an increase in HDI There are several issues associated with this. It is assuming a causal relationship, whereas it may also be a correlation caused by other factors. The data used is at a national level, so this approach fails to consider the inequalities within countries. There is dispersion in the results at upper and lower thresholds, so the relationship is even less reliable in the least developed countries (S. C. Bhattacharyya, 2012a). The differential relationship between electricity and wellbeing is largely understood at a global, macro level. The relationship between electricity and wellbeing at community level, where minigrids are implemented, is largely unexplored (Brand-Correa et al., 2018).
Brand-Correa and Steinberger (2017) argue for new ways of analysing electricity demand, through focussing more on energy services than energy outputs. They suggest that this may decouple the fulfilment of human needs from energy use. This aligns with Sen’s capability approach to development – focussing on what people have the freedom to do (Sen, 2005).
The second social approach considered by Dufo-Lopez et al(Dufo-López et al., 2016) is job creation. While there is potential for communities to improve their livelihoods through productive uses of electricity, in the model only jobs directly created due to the creation of the infrastructure are considered and not jobs created by the provision of electricity. 
The relationships between social and technical aspects of minigrids are too complex to be summarised in a single mathematical relationship. Riva et al (2018) used causal diagrams to demonstrate and investigate links and relationships between aspects such as income generating activities, markets, social networks, local health and personal habits. As Figure 4 below shows, there are many interlinkages – both positive and negative. These demonstrate feedback loops, which can act to both enhance and reduce broader benefits of electrification projects.  The diagrams are a conceptualisation phase of model building – Riva proposed further work to calibrate and validate the connections shown, highlighting the need for more reliable and diverse data collection. There are tools and methods that can help, such as agent-based modelling, system dynamics, neural networks and operational research. Brent and Rogers (2010) agree that further research is needed to understand social and institutional systems that interact with energy systems.
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[bookmark: _Ref130305276][bookmark: _Toc129797088][bookmark: _Toc129797320][bookmark: _Toc130479760]Figure 4  Causal loop diagram representing the dynamics between electricity demand and local health and population (Riva, Ahlborg, et al., 2018, p. 215)[image: ]


There are differences in how local economies can work in ‘developing countries’, such as the use of payments in-kind and bartering. While there is diversity among ‘developing countries’, there are characteristics that vary consistently compared to industrialised countries. These differences, amongst others, mean that people often make non-optimal economic choices, challenging the assumptions made in economic modelling (S. C. Bhattacharyya & Timilsina, 2010).  Singh et al (2017) found that there is a lack of understanding of the influence of social relations and the diversity of local customs that shape how people exchange energy.
8.4. [bookmark: _Toc129788508][bookmark: _Toc147091111]Energy justice and modelling
A recent review of energy justice and modelling identified that there was generally a narrow understanding of justice (Vågerö & Zeyringer, 2023), and that social aspects are simple and external to techno-economic modelling. They found that most studies focus on spatial distributional justice, which doesn’t consider broader distributional (such as within communities), recognitional nor procedural injustices, nor more locally defined perceptions of justice and fairness. Existing approaches include generating alternative energy systems for comparison, monetising costs (such as environmental damage), direct employment potential and willingness to pay for or accept technologies. Energy justice and modelling research is focussed on the US and Europe, particularly around social acceptance of wind turbines (Devine-Wright, 2005; Höltinger et al., 2016; Weinand et al., 2022). 
At present in Tanzania, there is a disparity in electricity tariffs paid by those connected to the national grid and households with solar home systems or connected to minigrids (Mottram, 2022). Mengwani et al (2020) used OnSSET, a geographical based optimisation tool for electrification planning,  to analyse the impacts of equal tariffs (where all households would pay the same rate per unit) and equity tariffs (where tariffs would be lower in areas with a higher poverty index). This work takes a narrow view of justice, focussing on spatial distribution of tariffs. It does not take into consideration varying levels of poverty within areas but provides insights into how costs may be redistributed in more just ways. 
This demonstrates that justice and energy modelling is an important avenue for future work. This includes analysing existing methods using a justice lens and looking at ways processes can be more just.  In a workshop hosted as part of Vågerö & Zeringer’s work (2023), participatory approaches were identified as an area for making modelling more accessible and impactful. This could include iterative approaches, where a wider pool of people are involved in analysing and discussing outputs, or a more inclusive approach to identifying how and what factors to include. Another key aspect is increased interdisciplinarity between energy modelling and those working on energy justice. 

8.5. [bookmark: _Toc507509263][bookmark: _Toc118734046][bookmark: _Toc524601820][bookmark: _Toc514084058][bookmark: _Toc510539344][bookmark: _Toc129788509][bookmark: _Toc147091112]Modelling demand load profiles

In the majority of  published research on energy systems, there is an assumption of homogeneity in electricity demand (Stephen et al., 2014). However, more recent research has taken an approach to modelling demand load profiles that are sensitive to local changes (Llanos et al., 2017). In this research, Llanos et al. (2017) found that traditional methods were not applicable to minigrid planning due to the high variation in demand and the uncertainty in the load behaviour. They note the importance of including social aspects in the modelling. 
Bhattacharyya and Timilsina (2010) challenge the assumption that electricity demand in ‘developing countries’ will have the same features as in industrialised countries, but with a time lag. They identify the deficiency in data availability and issues around rural/urban, rich/poor and commercial/non-commercial dynamics. Examples of different commercial dynamics include the prevalence of the informal sector, non-monetised transactions and the continued use of traditional sources of energy. 
There are also contextual complexities and feedback mechanisms that are not considered in simple linear estimates of electricity demand over time. The lack of attention to the dynamic nature of demand prevents appropriate modelling – causing a barrier to effective planning (Riva, Tognollo, et al., 2018). Income generating activities are particularly important as they can increase the capacity of electricity usage and the willingness/ability to pay.
Recent research has identified challenges with using average loads, leading to over or under designed systems. Louie and Dauenhauer (2016) reviewed systems in rural Malawi, finding load estimation errors of up to 90%. Oversizing grids leads to economic unsustainability, while under sizing degrades the reliability of the system. They found that load profiles are commonly simplified, despite research showing that demand profiles have a significant effect on reliability and optimum system configurations – and hence also the costs of the system (Mandelli, Brivio, et al., 2016).
Den Heeten et al. (Den Heeten et al., 2017a)use a bottom-up approach where they identified electrical appliances used by homes to build a demand load profile. They highlight the need to consider how appliance use will change over time to model future electricity demand. Appliance usage is both a technical and social issue – while new technologies may become more easily available, socio-cultural factors will affect whether people choose to or are able to use them. Mandelli et al (2016)  and Boait et al (2015a)created similar models, taking into account the class of consumer and their usage of electrical appliances – however they did not consider how to incorporate changes in demand over time. In a later paper on the effect of load profile uncertainty on optimum sizing of off-grid systems, Mandelli (2016) identifies the evaluation of demand over time as a key topic for future work, as this is where there are high levels of uncertainty.
Blodgett et al (2017)found that by taking electricity profiles over time from proxy villages with existing minigrids, they were able to reduce the error in load demand profiles. They found that when communities self-reported both their current and aspirational electricity use, their estimations were about three times the measured usage. 
Theo et al (2017)reviewed a wide range of mathematical and numerical modelling methods for optimisation of distributed electricity generation systems. They found that there was a research gap on how electricity demand grows or changes over time. Measurable emissions are identified as a way of including environmental aspects, but there is no discussion into how wider social impacts are considered in modelling.
8.6. [bookmark: _Toc129788510][bookmark: _Toc147091113]Tariffs
Approaches to modelling tariffs are discussed in the literature review section of my publication, which is included in Chapter 5 (Mottram, 2022). I discuss the challenges around designing techno-economically efficient tariffs (Burger et al., 2019) in a way which is also fair and just (Bayliss et al., 2020; Tully, 2006).
8.7. [bookmark: _Toc129788511][bookmark: _Toc147091114]Conclusion 
This section demonstrates how community experiences are not adequately considered in existing modelling approaches. I have identified uncertainty in load profiles over time as a particular focus for this thesis. Section 4 demonstrates the interlinked nature of my research questions and objectives. By using interdisciplinary and participatory approaches I will find new insights and perspectives into how communities are impacted by policies and implementation, and how these experiences can be used to improve approaches. 
This leads to the following research questions and objectives: 
RQ2) How do policies and implementation processes (such as tariffs and connection fees) impact community experiences?
O2.1) Collaborate with communities to identify how they are impacted by these processes
O2.2) Review policies and processes based on data collected with communities

RQ3) How can community experiences be used to improve policy and modelling of minigrids for rural electrification?
O3.1) Analyse energy demand modelling, tariff structures and success frameworks alongside qualitative data from communities, integrating social, economic, and technical perspectives
O3.2) Provide practical recommendations for policymakers and practitioners

9. [bookmark: _Toc129788512][bookmark: _Toc147091115]Conclusion
9.1. [bookmark: _Toc129788513][bookmark: _Toc147091116]Research questions
This literature review has drawn on a wide range of literature, from an interdisciplinary spectrum of research.  I have discussed key themes which run through this thesis– energy justice, interdisciplinarity, participatory approaches. I have identified research gaps around both these themes and minigrid planning, success of projects and tariffs, which has led to the following research questions: 
[bookmark: _Toc129788514]RQ1) How do justice issues manifest in community experiences of minigrids?
RQ2) How do policies and implementation processes (such as tariffs and connection fees) impact community experiences?
RQ3) How can community experiences be used to improve policy and modelling of minigrids for rural electrification?
RQ4) How does enacting participatory action approaches contribute to addressing the above research questions?
9.2. [bookmark: _Toc147091117]Objectives
There is a clear research gap on the links between technical solutions and their social impacts (García and Bartolomé, 2010; Rahman, Paatero and Lahdelma, 2013; Bhattacharyya and Palit, 2014).  The social and technical are often treated as different spheres of research, however in practice technical solutions are implemented in and influenced by the social setting where they are used. Currently projects are being funded that are not sustainable, and often fail to enable wider developmental benefits of electrification (Azimoh et al., 2017; García & Bartolomé, 2010; Perros et al., 2022). 
In this thesis I will use interdisciplinary approaches, with a focus on community participation, to gain insights into the social contexts of techno-economic solutions. I have identified energy ethics and energy justice as key social theories to use in my analysis. Further, this thesis aims to progress policy and practice through engagement and producing relevant outputs.
This leads to the following objectives for this thesis:
RQ1) How do justice issues manifest in community experiences of minigrids?
O1.1) Evaluate the community experiences of minigrids using theories of energy ethics and energy justice
O1.2) Identify instances of justice issues alongside their impact on communities

RQ2) How do policies and implementation processes (such as tariffs and connection fees) impact community experiences?
O2.1) Collaborate with communities to identify how they are impacted by these processes
O2.2) Review policies and processes based on data collected with communities

RQ3) How can community experiences be used to improve policy and modelling of minigrids for rural electrification?
O3.1) Analyse energy demand modelling, tariff structures and success frameworks alongside qualitative data from communities, integrating social, economic, and technical perspectives
O3.2) Provide practical recommendations for policymakers and practitioners

RQ4) How does enacting participatory action approaches contribute to addressing the above research questions?
O4.1) Enact participatory action research principles by involving the community actively in the project, empowering participants, facilitating change, and using iterative processes.
O4.2) Evaluate the contributions of action research methodologies to my research questions 
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[bookmark: _Toc129610896][bookmark: _Toc147091119]Chapter 3 - Methodology
1. [bookmark: _Toc129610897][bookmark: _Toc147091120]Introduction 
To address the research questions outlined at the end of the previous chapter, I developed an interdisciplinary methodology influenced by grounded theory and participatory approaches. I used a range of complementary methods including focus groups, observations, surveys, interviews and workshops, as well as collecting technical data from the system. A grounded coding approach was used to identify key themes in qualitative data, as well as iterative community-based activities to identify their priorities. 
2. [bookmark: _Toc129610898][bookmark: _Toc147091121]Rationale for methods
In this section, I will provide the theoretical justification for the methods used in this thesis. 
2.1. [bookmark: _Toc129610899][bookmark: _Toc147091122]Philosophical approach
In this thesis I have adopted a critical realist position. Critical realism assumes that knowledge of reality is mediated by beliefs and perceptions shaped by external factors, and stresses the importance of context in explanation and understanding (Maxwell & Mittapalli, 2007). Positivism is the dominant paradigm in techno-economic research. A positivist approach is based on the ontological position that a single reality exists, which can be understood through formulating hypothesis and objective tests, (Park et al., 2020).  One key aspect is viewing researchers as independent from participants. However, in this thesis I value participants’ subjective experiences and the complexity of social and cultural contexts. I also think that the outcomes of my research are mediated through my positionality, and particularly power dynamics (Sultana, 2007). 
2.2. [bookmark: _Toc129610900][bookmark: _Toc147091123]Decolonial research
“The term ‘research’ is inextricably linked to European imperialism and colonialism. The word itself, ‘research’ is probably one of the dirtiest words in the indigenous world’s vocabulary.” P1 (Tuhiwai Smith, 1999)
In her book, Decolonizing Methodologies, Tuhiwai Smith discusses how Western research practices and colonialism are inextricably linked. During colonialization, knowledge was treated as a commodity to be exploited (P59). ‘Knowledge’ and research were used as tools for legitimising colonial practices, such as viewing some indigenous people as less than human. In a similar way, Western positivism portrays ‘other’ knowledge as lesser. Hence, an important aspect of decolonising research is valuing other forms of knowledge, as well as re-considering methodologies (Santos, 2015). Self-determination in research is a goal of social justice (P116), central to de-colonial approaches alongside healing, transformation and mobilisation. As a white British woman doing research in Tanzania, these issues were at the forefront of my mind during my research. 
Thambinathan and Kinsella (2021) identify four key decolonial practices for qualitative researchers: exercising critical reflexivity; reciprocity and respect for self-determination; embracing “Other(ed)” ways of knowing; and embodying a transformative praxis. Throughout my research process I have kept a diary where I have reflected on issues such as my positionality as a white British woman doing research in Tanzania. I engaged in regular feedback sessions with people in the village, particularly the village leaders, to improve the local relevance of my work. 
My research is about more than getting a PhD. For me, it has been important to work in ways that both directly supported specific communities and contributed to a more just energy system. I have done this through using participatory approaches in my research, and through producing outputs broader than academic articles such as posters for Mpale and a resource for policy makers and practitioners (see appendix 3.7). I have advocated in the University of Sheffield for these approaches through leading the Participatory Action Research Peers network.
2.3. [bookmark: _Toc129610901][bookmark: _Toc147091124]Participatory methods
Kindon (2007) define participatory action research as involving “researchers and participants working together to examine a problematic situation or action to change it for the better”. It has evolved in contrast to imperialistic models of research, where participants are viewed as subjects from which to extract knowledge. In participatory research, the community benefits from the research as well as the researcher. There are two significant aspects – involvement of the community, and the local impact of the research. 
In this chapter I introduce participatory action research, describe the participatory activities completed as part of this thesis and present the outcomes of those activities. Throughout this thesis,  I assess how the community benefited from the research, and how this work may influence policy, practice and future research.  
Participatory approaches are becoming increasingly common in the social and environmental sciences, however such approaches are less commonly used in technical subjects (Herington et al., 2017a). Herington et al reviewed recent papers and found that there was no engagement with communities described in over two thirds of the papers. In those that included participation, it was largely just consultation, rather than communities becoming partners in projects or being empowered to participate. 
In participatory research there is a commitment to dismantling the monopoly on knowledge ownership, and explicitly working with marginalised/vulnerable groups. This also brings benefits to the research as it creates a space where more viewpoints can be heard, bringing a wider breadth of local knowledge. The action component reflects that the research is focussed on social action, policy reform or other types of social and systemic change (Taylor et al, 2004). 
Sen(1999, 2005) describes development as a process of expanding the real freedoms that people enjoy, with a focus on “the freedom to lead the lives they have reason to value and to enhance the real choices they have”. Sen’s  capabilities approach is participatory in nature, as it defines development in terms of personal choice, with diversity and plurality. (Kleine, 2013) has used this approach to create a choice framework, which can be used for participatory analysis of development. 
Arnstein’s ‘ladder of participation’ (Figure 24) can be used to characterise types participation (Arnstein, 1969). It is a simplification of processes but demonstrates how there is a gradation of participation. It is also important to consider participation across different stakeholders, as groups are not homogenous. There may be a range of points of view, vested interests and complex power dynamics. People’s ability to participate may further be limited by a lack of understanding, a lack of local political or socio-economic infrastructure, and challenges around organising representative voices. 
[bookmark: _Toc130479780][bookmark: _Toc126066345]Figure 24 - Arnstein's Ladder of Participation (taken from(Arnstein, 1969))
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(Herington et al., 2017a) found that most participation in electrification research was tokenism - focusing on placation, consultation or informing. In participatory action research, the aim is for work to be community-driven through empowered participation. This means that it is not possible to lay out full aims of a project prior to community involvement. This also creates a conflict in research, as there are external deadlines and objectives that must be met. I will reflect on this challenge through this thesis.  
Participatory research can demonstrate awareness of the fundamental ethical principles – of having respect for people, acting justly and benefiting those involved in research, and more widely  (Kindon et al., 2007). Participatory research recognises the plurality of knowledge, specifically of those who have been systematically excluded (Kindon et al., 2007). For each situation, there are multiple interpretations possible, by both researchers and participants (Greenwood & Levin, 2006). This means that participatory research has the potential to look at topics that may have been systematically missed through other research approaches, thus producing distinctive knowledge.
Whilst these approaches have not been used much in minigrid research (Herington et al., 2017a) civil society organisations and some parts of the private sector have been involving communities in this way for many years (Garside et al., 2017). 
For a project to be considered participatory action research, it should include aspects that will change the current situation for the better. Through working closely with communities, I identified ways that their relationship with electricity could be improved, through actions in their homes and with the minigrid company. I worked with local and national civil society organisations to share the knowledge created to influence policy making and future projects.
The use of participatory approaches is intertwined with the thesis’ focus on energy justice and ethics. Tornel (2022) discusses the importance of participatory approaches in decolonising research – which are also framed as cognitive injustices (Santos, 2015). Energy ethics (High, 2017) and participatory research both value the importance of situated knowledge, and taking a grounded approach based on individuals’ and communities’ perceptions. Participatory research is a key pillar to de-colonizing research (Thambinathan & Kinsella, 2021). Participatory research has also  been identified as a way of bringing justice issues into interdisciplinary energy challenges, such as modelling and optimisation (Vågerö & Zeyringer, 2023).


2.4. [bookmark: _Toc129610902][bookmark: _Toc147091125]Interdisciplinarity
This research will integrate methods from both social sciences and engineering. The methods to be used will be specific to the two communities that will be involved in this research. This chapter outlines approaches to be used. The use of approaches is justified through the identification of research gaps, the potential for novel research and through ethical research practice. 
2.4.1. [bookmark: _Toc520135052][bookmark: _Toc524601810][bookmark: _Toc129610903][bookmark: _Toc147091126]Approaches from the social sciences
Across the literature from social sciences and from practitioners, a holistic approach to electrification programmes, which involves users, is vital for long-term sustainability and to contribute to the broader sustainable development goals (Ubilla et al., 2014; Urmee & Md, 2016). USAID identified engagement as being important for community ownership of the project, which increases long term sustainability and reduces maintenance costs (Jimenez-Estevez, 2014).
Carbajo and Cabeza (2018) found that the presence of social sciences in renewable electricity research is still marginal, as funding is focussed on techno-economic approaches. This leads to issues such as gender and identity being neglected as top-down methodologies neglect the human dimension. As it has a greater focus on social issues such as education and social justice, participatory research can be viewed as a more responsible approach to research. As a framework it encourages researchers to consider social externalities of energy projects, such as social justice, human rights and welfare. 
A significant gap has been identified around holistic evaluations of rural electrification projects, and the use of participatory and ethnographic approaches (Contejean & Verin, 2017; Mandelli, Barbieri, et al., 2016a; Miller et al., 2015; Schäfer et al., 2011). The importance of social barriers to implementation has been noted by Yaqoot et al (2016), particularly when considering how users value electrification  (Hirmer & Cruickshank, 2014; Hirmer & Guthrie, 2016). The use of participatory methods within both civil society and other areas of social research suggests that there is potential for insights that could improve planning and implementation on minigrids.
2.4.2. [bookmark: _Toc514084066][bookmark: _Toc524601812][bookmark: _Toc129610904][bookmark: _Toc147091127]Ethnographic approaches
“Ethnography is the study of people in naturally occurring settings of ‘fields’ by methods of data collection which capture their social meanings and ordinary activities, involving the researcher participating directly in the setting, if not also the activities, in order to collect data in a systematic manner but without meaning being imposed on them externally. “ (Brewer, 2000)
A wide range of methods, such as interviews, workshops and observation, can be used as part of an ethnographic approach. Wolcott (Wolcott, 2003) describes ethnography as a perspective on research, considering reflexivity, representation and realism, rather than just a means of data collection. Ethnography aims to understand the wider social meanings and activities and recognises the importance of the role of the researcher. While there are critiques from the natural sciences of ethnography as subjective research, Dey (Dey, 1993) and others argue all research has an aspect of subjectivity. There is always a personal and culture aspect to research, including consideration of methods, locations and approach. Technology does not exist in a vacuum – it is used by and influenced by society. It is important to use a range of approaches both to improve technology itself, and the impact it has on society. A technological solution can only be viewed as successful if it is integrated into the existing social systems – people’s daily lives and routines. 
2.4.3. [bookmark: _Toc514084067][bookmark: _Toc524601813][bookmark: _Toc129610905][bookmark: _Toc147091128][bookmark: _Toc507509270][bookmark: _Toc510539352]Importance of using multiple methods 
In using a single research method, such as surveys, it is difficult to evaluate complex issues such as level of community engagement and opportunities for productive uses of electricity (Kabalan et al., 2015). Using mixed methods can utilise both strengths and weaknesses of different approaches. Quantitative data can be viewed as inflexible, so not adequate for researching value laden and subjective questions, such as around users’ perceptions. One example from the literature is Q methodology – where a participative process is used to identify issues that are important to participants. These issues are translated into statements that participants rank, producing quantitative data. 
Ethnographic methods can complement other methods, revealing context and aspects that more structured approaches may not capture. Triangulating methods can provide a level of validation in results.
Ethnographic methods can reveal aspects of energy and development that would not be captured in other ways (Matinga & Annegarn, 2013). For example, when investigating the gendered aspects of energy and electricity (de Groot et al., 2017). Using participatory methods can highlight not just general trends, but also subtle and significant differences. These counter-stories can challenge the status quo, producing new knowledge (Kindon et al., 2007).
A significant gap has been identified regarding the use of participatory and ethnographic methods in research on rural minigrids (Contejean & Verin, 2017; Mandelli, Barbieri, et al., 2016a; Miller et al., 2015; Schäfer et al., 2011). The importance of social barriers to implementation has been noted by Yaqoot et al (2016), particularly when considering how users value electrification  (Hirmer & Cruickshank, 2014; Hirmer & Guthrie, 2016).
Carbajo and Cabeza (2018) found that the presence of social sciences in renewable electricity research is still marginal, as funding is focussed on techno-economic approaches. This leads to issues such as gender and identity being neglected as top-down methodologies neglect the human dimension. As it has a greater focus on social issues such as education and social justice, participatory research can be viewed as a more responsible approach to research. As a framework it encourages researchers to consider social externalities of electricity projects, such as social justice, human rights and welfare.

3. [bookmark: _Toc129610906][bookmark: _Toc147091129]Context - Rural electrification in Tanzania
In Tanzania, around 30% of the population have access to electricity nationally, however this is only around 17% in rural areas (World Bank, 2022b). The majority of connections recently have been through grid connections, but as of 2020 there were almost 200 registered minigrids (Soni & Kawahara, 2020). The number of minigrids in Tanzania doubled between 2008, when policy reforms were introduced, and 2016 (Odarno et al., 2017). Most new grids use renewable generation sources. Small-scale electrification projects have not historically been monitored by the rural electrification agency (REA), so there is uncertainty around the total number of minigrids.  There is further uncertainty for the number solar home systems.

[bookmark: _Toc130479761]Figure 5 Number of minigrids and installed capacity of minigrids in Tanzania, (BloombergNEF & Sustainable Energy for All  (SEforALL), 2020)
[image: ]
Tanzania is a large country with a low population density in rural areas, which means that decentralised solutions will play a significant role in achieving electrification (International Energy Agency, 2022). Minigrids are expected to play a significant role in rural electrification between now and 2030, and so there is potential for research on them to have a positive impact. In Tanzania there has been moderate progress in the minigrid sector. This means that there are established projects that can be used for this research, and that the outcomes may be able to inform the development of future minigrids.
3.1. [bookmark: _Toc129610907][bookmark: _Toc147091130]Government agencies
The government stakeholders in rural electrification in Tanzania are the Ministry of Energy, the Energy and Water Utilities Regulatory Authority (EWURA) and the Rural Energy Agency (REA). 
The Ministry of Energy formulates and implements policies and strategies. EWURA is responsible for technical and economic regulations across the energy sector – including electricity, gas, and fuels, as well as the water sector. They monitor the performance of regulated services and resolve disputes. They are responsible for approving tariffs set by Small Power Producers, but due to the dispersed nature of these projects they are expensive and challenging for EWURA to monitor. 
The Rural Energy Agency finances projects through the Rural Energy Fund (REF). They promote efficient energy use in rural areas and facilitate capacity building for project developers.  Local Government Authorities are responsible for enabling local environment and land and water rights for project development.
3.2. [bookmark: _Toc129610908][bookmark: _Toc147091131]Other actors
The Tanzania Electricity Supply Company (TANESCO) is a vertically integrated national company which generates, transmits, and distributes electricity. It is a single buyer for Independent Power Producers (IPPs) and Small Power Producers (SPPs) who are connected to the national grid. For households the tariff is set at 100 TSh per kWh, which is not cost reflective. This means it is particularly challenging for TANESCO to extend the grid into rural areas where there are high transmission and distribution costs and lower incomes. 
Private sector actors are divided into Independent Power Producers, Small Power Producers (generating electricity up to 10MW) and Very Small Power Producers (generate and distribute electricity below 100kW).
Other actors include donor agencies, commercial banks and other financial institutions, who provide financing as grants, equity or loans and provide technical assistance. The TIB Development Bank is a government owned development bank which provides a credit facility and risk guarantees. 
3.3. [bookmark: _Toc129610909][bookmark: _Toc147091132]Policy frameworks
The Energy and Water Utilities Regulatory Authority Acts (2001 and 2006) established EWURA as an independent regulatory body. The Rural Energy Act of 2005 established REA and REF, promoting rural energy access and facilitating financing. The REF is funded through an electricity levy on TANESCO customers, Government Budget and development partners. 
The Small Power Producers Guidelines and Regulations was introduced as part of the Electricity Act of 2008 (The Electricity Act, 2008). For power producers connect to the national grid this introduces Standardized Small Power Purchase Agreements (SPPA) and Feed-in Tariffs. The guidelines provided procedures for development of projects, including clearances, studies, land acquisitions and licensing. It also introduced financing arrangements, such as subsidies for developers.  EWURA removed taxes and import duties on renewable energy technologies, although these are sometimes still payable on components such as batteries. EWURA manage a minigrid information portal, which includes geo-spatial plan tools and information on minigrid policy. Under Government support, minigrid developers can receive a matched grant of  USD 100,000 to cover environmental impact assessments and business plan development. Developers receive results-based financing for each household connect, up to an agreed quantity. 
3.4. [bookmark: _Toc129610910][bookmark: _Toc147091133]Tariffs
For households connected to the national grid, tariffs are dependent on electricity use. For usage under 75kWh per month households pay 100 TSh per kWh (0.04 USD), which is cross subsidised from other electricity users. For usage over 75 kWh per month households pay 350 TSh per kWh (0.15 USD) (TANESCO - BEI ZA UMEME ZILIZOIDHINISHWA, n.d.) There are no fixed monthly costs. Households pay for their metered connection. If they are under 30m to existing infrastructure the cost is 27,000 TSh (11.54 USD). If they are between 30 and 90m costs range from 330,000 TSh to 700,000 TSh (141 USD – 300 USD) (Devex, 2023). Above these distances costs will vary – and households will have to pay for distribution poles. Households also must pay for their own internal wiring, which will depend on local costs and household needs. 
Minigrids are permitted to charge cost-reflective tariffs. This takes into consideration operating costs, depreciation on capital, interest expenses, reserves for repairs of replacements, taxes and a reasonable return on equity.  For projects between 100 kW and 1 MW these must be approved by EWURA. Projects under 100 kW don’t need approval for their tariffs, however if 15% of customers file a complaint, the tariffs will be reviewed by EWURA under their cost-reflective approach (United Republic of Tanzania, 2019). Minigrids in Tanzania have taken a range of approaches to tariffs (Mottram, 2022), including pay-as-you-go, pay-monthly and metered connections. Tariffs range from 70 TSh (0.03 USD) per kWh on a large hydro-project to 6,000 TSh (2.6 USD) per kWh during the day on a time-of-use tariff. 
In 2020, the government of Tanzania instructed a tariff reduction of mini-grid electricity to match TANESCO. This was accompanied by news coverage, where several field officers from a minigrid project were arrested for the tariffs they had been charging customers (the tariffs had been calculated using the agreed cost-recovery approach). This led to decreased revenues. For example, JUMEME experienced over 90 percent decrease in its revenue, which lead to corporate management crisis that resulted in the decline in quality, availability, and reliability of electricity. JUMEME had to limit electricity use to a maximum of 2KWh per consumer per week for residential and commercial users (Pueyo, 2022) . In a follow-up phone call interview the EnSol grid operator explained the willingness of villagers to connect has declined and customers refused to pay for electricity.
Following discussions with minigrid companies, the Minister of Energy, Hon. January Makamba, mandated a maximum tariff of  1600 TSh  per unit for mini-grid projects, which came into affect on August 1st, 2022. Some companies have since ceased trading in Tanzania, whilst others have introduced standing charges to cover their costs or reduced electricity availability. 
3.5. [bookmark: _Toc129610911][bookmark: _Toc147091134]Customer rights
There are no regulations in place regarding customer service charters. This means that legally it is difficult for customers and communities to raise any concerns or complaints. As mentioned above, if 15% of customers connected to a minigrid complain to EWURA about the tariff, EWURA will conduct a review. 

4. [bookmark: _Toc129610912][bookmark: _Toc147091135]Fieldwork locations
[bookmark: _Toc129610913][bookmark: _Toc147091136]4.1. Location selection
The ideas for my research stemmed from my previous role as International Coordinator of the Alliance of Civil Society Organisations for Clean Energy Access. I used my network to reach out to potential partners who could connect me to projects and communities. I selected Tanzania as I have several partners working there, and there had been policy reforms in 2008/09 which meant there had been an increase in the number of privately-owned solar minigrids. Previous research has largely focussed on hydro minigrids implemented by NGOs and church organisations (Ahlborg & Boräng, 2018; Ahlborg & Hammar, 2014; Corigliano et al., 2019; Hartvigsson et al., 2021; Rahut et al., 2017; Riva & Colombo, 2020).
[bookmark: _Toc129610914][bookmark: _Toc147091137]4.2. Summary of locations
[image: ] 
[bookmark: _Toc130479762]Figure 6 Map of Tanzania showing locations of field sites alongside other minigrids and the TANESCO transmission network (additional data sources (TANESCO, 2015; WRI, 2017))

4.2.1. Mpale
Mpale was selected as the main case study for this project. This village presented an opportunity to study the impacts of a privately-owned minigrid, and both the community and the company were interested in taking part in the research project. 
Location 
Korogwe District, Tanga Region. 
Mpale is located in a mountainous area with poor quality roads. Most travel between villages is by motorbike. A bus stop is located 10 minutes’ drive from the village. 
The main source of income in the village is from agriculture. The main crops grown are tea, bananas, spices. People grow garden vegetables and maize for their own consumption. There is a tea processing factory in Dindira, around 10km by road from Mpale. Trucks come to Mpale several days a week to collect tea leaves, however it can be unreliable which day they arrive. 
[image: ][image: ][image: ]
[bookmark: _Toc130479763]Figure 7 L-R Stalls selling clothes at shoes at the weekly market; women selling fruit and vegetables at the market; piles of tea waiting to be sold
In the village there is a health centre (zahanati), primary school, three mosques and a church. The nearest secondary school is in Patema, around 6km from Mpale.  There is a weekly market, where people from the village and surrounding areas buy and sell food produce, clothes, fabric and household appliances. 
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[bookmark: _Toc130479764]Figure 8 Mpale primary school

Map:
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[bookmark: _Toc130479765]Figure 9 Aerial view of Mpale showing key locations
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[bookmark: _Toc130479766]Figure 10 Initial distribution network, designed by Trama TecnoAmbiental (TTA). The 3-phase backbone is shown in red.  The network has since been extended further south-west
Technology: 
A solar minigrid was installed in the village in 2017 by EnSol with support from Trama TecnoAmbiental (TTA) with a peak capacity of 48 kW and a 50 kVA backup diesel generator. It has a lead-acid deep cycle battery capacity of 289 kWh, which was modelled as 2 days of autonomy.  The electricity output is 230-400 V AC at 50 Hz via a 5km low voltage distribution line. There is 1km of 3-phase backbone distribution, with household and business connections single phase.  
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[bookmark: _Toc130479767]Figure 11 Members of the community visiting the powergrid visiting (L-R) batteries, diesel generator and solar panels
Business model
The project is classified as a Very Small Power Producer under EWURA regulations. It was financed by the Energy and Environment Partnership programme (63%), United Nations Capital Development Fund (22%) and EnSol (15%), as well as support through REA result based financing for 250 connections. The total project investment was 418,000 euros. Whilst a number of businesses, the health centre and the school are regularly purchasers of energy as well as households, there is no anchor load (Ramchandran et al., 2016).
The project is managed by a local administrator in the village, who is responsible for new connections, payments and customer concerns. There are two local technicians who do routine system maintenance and install new connections. Both are local to Mpale, one was trained as part of the minigrid project, and the other had done vocational training elsewhere. The main project engineer is based in Dar es Salaam and travels to the village several times a year for maintenance and for customer meetings. 
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[bookmark: _Toc130479768]Figure 12 Household meter showing how many units are left 'in' the meter to use. At midnight 275 kWh will be added to the meter.
Connections and tariffs
EnSol has received funding from REA to support 250 connections. After these connections, households will have to pay the full cost of meters and connection from the distribution network. The first 250 customers received this for free, and a loan to cover the cost of installing home wiring. When EnSol connected the first set of customers, there were unclear messages about the costs of wiring. Households requested wiring set ups from the technicians, but did not realise how expensive this would be, leading to household wiring costs of up to 700,000 TSh (300 USD). Households particularly struggled to pay back these loans, so EnSol introduced connection packages. They offer two packages – 150,000 TSh (64 USD) for two lights and one socket, and 250,000 TSh (107 USD) for three bulbs, one socket and some flexibility around locations. If households want additional wiring, they now have to arrange this independently. Households pay a connection deposit of 25,000 TSh (11 USD) for a 150 W connection or 37,500 TSh (16 USD) for a 250 W connection. Customers have to pay back their monthly connection loan instalment before being able to pay for electricity. EnSol allow some flexibility around not paying the loan if households don’t use electricity. 
Customers pay a monthly tariff and are given an Energy Daily Allowance, which utilises smart meters to dispense a set amount of units of electricity per day. Units can roll over for up to 5 days.  Most households are on the lowest tariff offered, and they pay 11,000 TSh (4.7 USD) per month for 275 Wh per day. Some households and businesses pay 20,000 TSh (8.5 USD) for 550 Wh per day. The health centre and the school have higher energy use, paying 36,000 TSh (15.4 USD, 825 Wh per day) or 53,000 TSh (22.6 USD, 1100 Wh per day) per month depending on their usage. At the start of the project, customers had to pay the full cost upfront at the start of the month. However, as the company realised this wasn’t appropriate for customers’ income patterns they allowed smaller payments where customers pay for a certain number of days of energy. Customers can upgrade their tariff during the month or arrange a one-off payment if hosting an energy intensive event such as a wedding. 
Community engagement in project
Initially, EnSol met with village and district leaders to discuss the project. They then held an open meeting in the village to present the idea to the community. 
There is a village electricity committee, composed of 8 men and 4 women. There are people with businesses and both with and without an electricity connection. In the village there are other committees for topics such as education, water and agriculture, and none of these are paid roles. 
EnSol sends text messages to customers to invite them to meetings. In this text message they also receive an update on their loan and tariff. Meetings are held several times a year, often when the lead technician is in the village from Dar es Salaam. 
4.2.2. Kibindu 
Location
Kibindu is located in the Chalinze region. It is a 20-minute drive from the main road and 55km from the national grid. The main source of income is agriculture – particularly maize. There are 1800 households in the village. 
[image: A picture containing sky, outdoor, tree, line

Description automatically generated][image: A picture containing indoor, dirty

Description automatically generated]
[bookmark: _Toc130479769]Figure 13 View of Kibindu biomass gasifier and store of corn husks

Technology 
Over 2017 and 2018  a 20 kW solar array (consisting of twenty 100 W panels) with a 20 kW biomass gasifier were installed in Kibindu. The gasifier uses maize husks which they are able to get for free from local farmers, but may have to be paid for in future. The gasifier is ran monthly to check operation, but it has not been needed to demand. 
Business model
There are three organisations involved in the project ownership. The minigrid was initiated by TaTEDO, a Tanzanian non-governmental organisation, with financial support from the United States of America Development Foundation (USADF). TaTEDO has set up a limited company, SESCOM, who now own and manage the gasifier project. SESCOM employs technicians to manage the system, but TaTEDO operators carry out repairs. The solar array and control room are owned by Husk Power, but maintained by SESCOM. When the cost of these assets has been repaid, Husk will leave the project. There has been unclear responsibility for the distribution network and customer connections. 
Connections and tariffs
The project was sized for 300 households, in 2019 54 customers had been connected in the centre of the village. The school and the health centre did not have a connection. A line was installed for water pumping, but this was not in use due to costs.
For customers near to the small distribution network, they pay a connection fee of 50,000 TSh plus 10,000 TSh for their meter. Households pay 10,000 TSh for a monthly bundle, but neither the technicians nor participants in focus groups were aware of what this paid for. 
Community engagement 
There was limited engagement between the companies involved and the local community. 
4.2.3. Bwisya 
Location
Bwisya is located in the Mwanza region on Ukara Island in Lake Victoria. It is only accessible by boat and the island is not connected to the national grid. Bwisya is the main town on the island, with a hospital, two secondary schools and three primary schools. Incomes are largely from agriculture, growing cassava and sweet potato as well as cereals. Many households also earn from artisanal fishing, and there are some commercial fishing boats providing waged labour roles. 
Technology
There is a 90 kW solar array with a backup diesel generator. 
90kW power plant, back up diesel generator
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[bookmark: _Toc130479770]Figure 14 L-R Solar panels at Bwisya, view of Ukara island from a boat
Business model
The minigrid is owned and operated by Jumeme. As well as the minigrid, Jumeme set up a fish farming business with freezers, which acts as an anchor load. There are several technicians and a project manager based on the island, but the main customer care provision is centralised. 
Connections and tariffs
Initially the project tariff was a monthly bundle, which cost 10800 TSh, or 4000 TSh fixed cost and 1300 TSh per kWh for businesses. After ongoing discussions and customer complaints, Jumeme changed to a pay-as-you-go tariff at 3500 TSh per kWh. They now offer two business tariffs – 40,000 TSh fixed monthly charge and 450 TSh per unit, and for businesses that operate more in the daytime 2500 TSh day/ 4000 TSh night. 
There is a water project connected to the minigrid, as well as several schools and a hospital. 
Community engagement
There is an energy committee in the village. The company run ‘Jumeme Days’ several times a year where they showcase electrical appliances and run activities with the schools. 
4.2.4. Chang’Ombe and Leshata
Chang’Ombe and Leshata have been grouped together as they are similar projects owned by PowerGen. 
Location
Chang’Ombe is located in Manyara, near the boundary of Dodoma. There are two main twin villages, Chang’Ombe and Dongo, seven sub villages, a church, a mosque, a small hospital and two primary schools. There is no natural source of water in the village, so households must buy it from local traders, a local water project (powered by the minigrid, Figure 15) or travel to another village. The main source of income is from agriculture, growing crops such as maize, wheat and sweet potatoes,  and livestock, such as cattle, goats and sheep. 
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[bookmark: _Ref130306078][bookmark: _Toc130479771]Figure 15 Women and children collecting water from the project in Chang'Ombe
Leshata is in Morogoro, near the boundaries of Manyara and Tanga. It has a population of around 3000 people, in 800 households.  There is a primary school, dispensary, mosque, and church. There is a river nearby, but there are concerns about how clean the water is. The road to the village floods in the rainy season, and a previous flood damaged a bridge that was built (Figure 17), which limits accessibility. As in Chang’Ombe, incomes are mainly from agriculture and livestock. 
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[bookmark: _Toc130479772]Figure 16 Solar panels and generator in Leshata
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[bookmark: _Ref130306167][bookmark: _Toc130479773]Figure 17 Damaged bridge to Leshata village

Technology
In Chang’ombe there is a 16 kW solar project with a back-up diesel generator.
In Leshata there is a 6 kW solar project with a back-up generator. 
Business model
PowerGen owns and operates over 300 renewable energy projects in 12 countries across Africa. They receive funding from a wide range of partners including the World Bank, USAID, Rockefeller Foundation and Shell. The minigrids in Chang’Ombe and Leshata were implemented by Rafiki Power, which was part of E.ON. In 2019 Rafiki Power and it’s eight minigrids in Tanzania were acquired by PowerGen. 
In each village there is a local technician who does system maintenance and a local agent who customers can buy electricity from directly. They are generally recruited from the local community. Most operation and maintenance is centralised (Figure 18), with customers needing to phone a central line if they have issues. This can be difficult if households don’t have phone signal, and customer service is limited overnight. 
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[bookmark: _Ref130311664][bookmark: _Toc130479774]Figure 18 Customer service guidance from PowerGen

Connections and tariffs
PowerGen has connection packages across its projects in Tanzania (Figure 19).  The Copper package is for one bulb and one socket, with 5.5 m of wiring. It costs 40,000 TSh (17.2 USD). The Silver package includes three bulbs (including one outdoor security light) and one socket, with up to 35m of wiring. It costs 60,000 TSh (25.8 USD)  upfront, or 9 monthly payments of 8,000 TSh (total 72,000 TSh, 31 USD). The Tanzanite package includes 6 bulbs (including one outdoor security light) and three sockets, with up to 65m of wiring. It costs 90,000 TSh (38.8 USD)  upfront, or 9 monthly payments of 14,000 TSh (total 126,000 TSh, 54.3 USD). The Gold package includes 9 bulbs (including 2 outdoor security lights) and five sockets, with up to 125m of wiring. It costs 140,000 TSh (60.3 USD) upfront, or 9 monthly payments of 20,000 TSh (total 180,000 TSh, 77.5 USD). Households are disconnected if they do not repay their connection loan for two months. 
In Chang’Ombe around 360 customers have connected to the minigrid, and 100 households are waiting for connections. In Leshata there are 145 customers. 

[image: Text, whiteboard

Description automatically generated]
[bookmark: _Ref130311681][bookmark: _Toc130479775]Figure 19 PowerGen connection packages
In Chang’Ombe customers have a pay-as-you-go time of use tariff. Electricity is 3000 TSh per kWh during the daytime (10am – 6pm) and 6000 TSh per kWh during night-time (6pm – 10am). In Leshata, and most of PowerGen’s other projects in Tanzania, customers have a pay-as-you-go block tariff. Customers pay 4000 TSh per kWh for their first 3 kWh per month. This drops to 2500 TSh per kWh for additional units of electricity used. Some other projects use a tariff which starts at 6000 TSh, then drops to 4000 TSh and 2000 TSh per kWh with increasing usage. 
Customers can top-up their account either using mobile money or with the local agent. If they top-up using mobile money there is a 20% service charge. The minimum top up amount by both methods is 1000 TSh. 
In Chang’Ombe there is a water project connected to the minigrid, which acts as an anchor customer paying 200,000 TSh per month. However, supply is limited by the water availability. 
Community engagement
Rafiki power ran seminars to inform the village about the project in both villages. There is no village committee. 
4.2.5. Matembwe
The case study of Matembwe is very different to the other field sites. The project was installed in 1986 as part of a rural development project. It is higher capacity, and the tariffs are much lower. It is part-owned by the local community. 
Location
Matembwe is in the Njombe district in Iringa county. The population is around 3,000. There is a large Catholic church with convent, primary schools, a secondary school and a health centre. The main sources of income are from forestry, agriculture, growing sunflowers and cereals, livestock, particularly dairy cows and poultry. Local businesses include mills, tailors, carpenters, workshops, welders, salons and shops.


Technology
The project is a reservoir micro hydro plant with an output power of 120 kW. Around 700 customers are connected using a 19km 10kV distribution network. It is interconnected with a 83 kW run-of-the-river plant in Ikondo, a neighbouring village, and the national grid. The system has high reliability when operating in islanded mode, but if there are outages on the national grid when they are interconnected, the minigrid also has outages. 
Business model
The project was commissioned in 1984 by CEFA in partnership with the Catholic Dioceses of Njombe, the District of Njombe and the village of Matembwe. Additional funding was provided from the Italian Ministry of Foreign Affairs, the Belgian Ministry and Foreign Affairs and the European Union. It is owned by the Matembwe Village Company, with shares initially held by all of the original partners. CEFA ceded its ownership to local villages in 2012, but still provides technical support for the project. The original project was not just electrification, and also included setting up businesses, capacity building programmes and a local credit co-operative. The initial project set up an animal feed factory (Figure 20) and a poultry hatchery, and later projects have set up sunflower and milk processing. There have been ongoing projects such as training for businesses and on producing charcoal briquettes. 
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[bookmark: _Ref130306239][bookmark: _Toc130479776]Figure 20 L-R Carpentry workshop in Matembwe, animal feed factory

Connections and tariffs
In Matembwe households can chose to connect to TANESCO or to the Matembwe minigrid, and many households have connections to both for reliability reasons. Customers have metered connections for the minigrid, with meter readings taking around once a month, but irregularly. The tariff costs 70 TSh per kWh, which is cheaper than the 100 TSh per kWh charged by TANESCO. 
Households can receive a loan for connections from the local credit co-operative. Connections can be expensive as customers have to pay per meter from the existing distribution network as well as for the electricity meter. For example, if you live 50m from the existing network to connect to the minigrid would cost around 300,00 TSh but to connect to the national grid would cost 27,000 TSh. It is cheaper to connect to the national grid, but the tariff is more expensive and the power less reliable. 
Community engagement
There has been a lot of community engagement in the project, with the village being one of the owners of the project. The village elects a representative to the board of Matembwe Village Company. Profits have been reinvested in the community, such as improvements for the school and the local water system. However, there are not open meetings between customers and the company. To raise concerns customers, need to go through village bureaucracy. 
5. [bookmark: _Toc129610915][bookmark: _Toc147091138]Procedures
5.1. [bookmark: _Toc129610916][bookmark: _Toc147091139]Ethics
I viewed ethics as more than just securing ethical approval for my research. Prior to my fieldwork I obtained ethical approval from the University of Sheffield. During fieldwork, I worked closely with local leaders to ensure my methods were acceptable to the community, in particular taking photos. Consent forms were provided to all participants, as well as this being read to participants. 
An ethical consideration that came up both in the approval process and throughout my fieldwork was whether research participants should be paid, and if yes, how much. (Warnock et al., 2022). There is a conflict between valuing people’s time and payment being seen as coercion. It was also difficult to decide to pay participants at activities in Dar es Salaam at a higher rate than in rural communities. This was due to cultural expectations – academics and civil servants expect payments of 60,000 TSh (26 USD) for participating in a day long workshop. In rural communities, payments were set at a level considered locally acceptable – 2,000 TSh (0.9 USD) for an interview, and 10,000 TSh (4.3 USD) for a day long activity. 

5.2. [bookmark: _Toc129610917][bookmark: _Toc147091140]Recruitment of a research assistant
My main research assistant, Theresia Mroso, was recruited through my academic contact at the University of Dar es Salaam, Dr Robert Katikiro. Ikupa Patson and Elia Simfukwe were also recruited through Dr Katikiro to assist with the workshop is Dar es Salaam and to complete surveys in Mpale. For the visits to Chang’Ombe and Leshata I was assisted by Joseph Kidunda, who works for PowerGen. Amon Bashweka, whose brother is the lead engineer for the Mpale project, assisted with the initial focus groups in Mpale. I encountered additional challenges when working with Amon and Joseph as they were closely linked to the company, which affected how I was perceived by the community as they saw me as part of the company rather than an independent researcher. 
5.3. [bookmark: _Toc129610918][bookmark: _Toc147091141]Data management
I prepared a data management plan prior to fieldwork. This was particularly important as I was dealing with sensitive personal data and often in locations without a reliable internet connection for backing up data. I kept a log of participant details separate to research data, in a password protected file. Data was backed up at the end of each day onto an external hard drive, then updated to Google Drive when an internet connection was possible. 
5.4. [bookmark: _Toc129610919][bookmark: _Toc147091142]Approach to translation and transcription
I spent my first month in Tanzania in March 2019 taking Swahili lessons and developed my understanding throughout my fieldwork. In rural communities, activities took place in Swahili, with some translation to local dialects. I was able to interview some project staff in English. I took audio recordings of interviews, focus groups, surveys and some participatory activities. I worked with a research assistant who acted as a translator between English and Swahili, and at times a local guide who could translate to local dialects

I made notes during interviews, which were then reviewed with my research assistant and the audio recording. Most surveys were completed by research assistants who wrote down responses during the survey and were later translated with reference to audio recordings. Where there was uncertainty in translated meaning, this would be discussed between me and the research team to identify an appropriate translation. The participatory activities took place in Swahili, with outputs such as presentations and the meeting with EnSol recorded, and then translated and transcribed. 
5.5. [bookmark: _Toc129610920][bookmark: _Toc147091143]Fieldwork safety
I completed a risk assessment prior to my fieldwork and took a course in fieldwork first aid. At times, it was a challenge to balance safety with other fieldwork priorities. For example, hiring a car and a driver presented less risks than travelling by public transport, but was significantly more expensive. I was able to hire a car and driver for some visits, including my initial visit to Mpale. However, this affected how I was perceived by the community. There are no cars in the village so this made me stand out and gave people an expectation that I would be bringing investment to the village. For future visits, I travelled by bus, and people said that made me seem more like part of the community. Prior to my fieldwork I had planned to do activities in the evening to observe how people use electricity at different times of day. However, following discussions with my research assistant about safety and social norms we decided not to do this. 
Another challenge was managing my mental health, as I am autistic and suffer with anxiety. This was mitigated through planning with my university mentor. This was also somewhere that my research assistant, Theresia Mrosso, was extremely helpful as she would help me to understand cultural differences and navigate difficulties. 
6. [bookmark: _Toc129610921][bookmark: _Toc147091144]Fieldwork activities
This section explains and describes the fieldwork activities completed to collect data. My first activities, in 2019, were focus groups and key informant interviews in Mpale, Kibindu and Matembwe villages to discuss local challenges and potential research topics, and to obtain community consent for future research activities. Following these focus groups I hosted a workshop for academics, practitioners and policy makers in Dar es Salaam to discuss initial findings, existing data sources and research needs.
In 2019 I then completed one month fieldwork in Mpale over June/July 2019, and then visited the villages of Bwisya, Chang’Ombe and Leshata. 
In 2020 I completed one month fieldwork in Mpale. I had planned a large dissemination workshop, and hoped to arrange visits to other villages, but my fieldwork was curtailed by the COVID-19 pandemic. 
[bookmark: _Toc130479850]Table 4 Summary of research activities
	
	Interviews
	Focus groups
	Other

	Mpale
(April, June/July 2019, February/March 2020)
	Mtendaji
Village guide
Mwenyekiti (new chair elected in 2020)
Local agent
Project technicians (x2)
School teachers (x2)
Nurse
Electricity committee chair
Company director
Project engineer


	Men (2019 – 10, 2020 – 12)
Women (2019 – 11, 2020 – 14)
Presenting findings (2020 - 12)
Feedback on participatory activities (2020 – 12)
	Survey of households/businesses
Participatory activities
Observed customer meeting
Energy diaries
Community observations
Presenting findings to village leadership


	Kibindu
(April 2019)

	Two technicians
Mtendaji (government officer)

	Men (30) 
Women (80)
	Community observations


	Matembwe
(May 2019)
	Project manager
	Men (12) 
Women (12)

	Community observations


	Bwisya
(July 2019)
	Project manager
Chair of electricity committee
Local technician
Mtendaji (government officer)
	Men (16)
Women (13)
	Community observations


	Chang’ombe & Dongo
(July 2019)
	Project managers (3)
Local technician
Mwenyekitis (two village chairs)
Wakala (local agent)
Owner of water pump
	Mixed group (15 participants)
	Community observations


	Leshata
(July 2019)
	Project managers (2)
Mwenyekiti (village chair)
	Men (15)
Women (12)
	Community observations


	Other
	Jumeme staff (2)
PowerGen staff (3)
EnSol director
Husk Power manager
Academic (3)
Non-Governmental Organisations (3)

	
	Workshop with practitioners, academics and policy makers to discuss research needs (May 2019)
Online workshop (May 2022)
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[bookmark: _Toc130479851]Table 5 Summary of participatory action research activities
	Activity
	When?
	Where?
	Who took part?
	Description of activity
	Sub-groups

	Focus groups
	April 2019
	Mpale
	10 men, 11 women
	Identifying community needs
	

	Focus groups
	April 2019
	Kibindu
	30 men, 80 women
	Identifying community needs
	

	Focus groups
	May 2019
	Matembwe
	12 men, 12 women
	Identifying community needs
	

	Practitioners’ workshop
	May 2019
	Dar es Salaam
	22 people – academics, NGOs and private sector
	Discussing initial findings
Mapping existing knowledge
Identify challenges for practitioners
Identify potential areas for future research
Meeting note included as appendix 3.6.

	

	A - Understanding energy
	June 2019
	Mpale
	25 people in each – 5 per sub-village. Participants were selected by sub-village chairs, representing different socio-economic groups. 

	Identifying peoples’ questions about energy
Awareness raising activities
Appliance demonstrations
Visiting minigrid powerhouse
Meeting with EnSol representative
Discussing how to share what people had learnt
	Meetings & posters
Art
Entrepreneurs
Workshop
Meetings

	B - Research skills
	July 2019
	Mpale 
	
	Identifying peoples’ questions about energy in their community
Capacity building – research skills
Groups completing their own research activities
Discussing groups’ findings
Writing letters to share findings
	Poverty
Water and cooking
Energy awareness
Businesses
Education

	Evaluation focus group
	July 2019
	Mpale
	10 people – 5 from each of the participatory activities
	Feedback on participatory activities and my other research activities
	

	Presenting outputs
	July 2019
	Mpale
	Participants from Groups A and B, village chair, local development officer and EnSol project administrator
	Each of the sub-groups presented their work
Discussion with village chair, local development officer and project administrator
	

	Focus groups
	July 2019
	Bwisya
	16 men, 13 women
	Identifying community needs
	

	Focus group
	July 2019
	Chang’Ombe
	15 participants (mixed gender)
	Identifying community needs
	

	Focus groups
	July 2019
	Leshata
	15 men, 12 women
	Identifying community needs
	

	Reviewing activities
	February 2020
	Mpale
	Participants from groups A and B
	Opportunity to give feedback on activities
Participants gave updates on how things had changed since 2019
Inputting into plans for groups C and D, and groups nominating participants for these activities
	

	C - Creating posters
	March 2020
	Mpale
	15 people in each – 5 from each participatory activity in 2019 plus 5 new participants
	Recapping outcomes from 2019 activities
Discussion of my research findings
Evaluating existing resources about electricity
Identifying key messages
Designing posters
Posters included as Appendix 3.4.
	Risks of electricity
Uses of electricity
Explaining the EDA tariff

	D - Advocacy
	March 2020
	Mpale
	
	Recapping outcomes from 2019 activities
Discussion of my research findings
Identifying key messages
Preparing presentations
	EnSol
Local Government
Dar es Salaam workshop

	Cancelled workshop
	March 2020
	Dar es Salaam
	Would have included Mpale representatives, practitioners, academics, NGOs and policy makers
	Representatives from Mpale presenting their work
Discussing solutions to challenges in Mpale and other minigrids
Identifying key factors for success
	

	On-line workshop
	May 2022
	On-line
	10 – academics, NGOs and practitioners
	Discussing outputs from participatory activities and conclusions from my PhD
Feedback on a resource created for practitioners and policy makers
	

	Report published
	Published August 2022
	On-line
	
	Report written by Hannah Mottram and Theresia Mrosso, included as Appendix 3.7. 
	





6.1. [bookmark: _Toc129610922][bookmark: _Toc147091145]Data collection 
6.2. [bookmark: _Toc129610923][bookmark: _Toc147091146] Interviews
Interviews are verbal interchanges where one person (the interviewer) attempts to elicit information from another person. They can be placed along a continuum from structured (questions are planned in advance) to unstructured (Dunn, 2005). I opted for a semi-structured approach, to allow for unexpected knowledge. 
I attempted to conduct interviews with village leaders and project staff in all villages, but this was not always possible (Table 4). In Mpale a wider range of interviews were held, including repeat interviews with the village leaders and technicians. Interviews were often held in peoples’ workplaces, or in a neutral location such as a restaurant. Interviews followed a question guide, but with varying focus on local issues. I completed interviews with members of staff at minigrid organisations, and with several Tanzanian NGOs who work on rural electrification. Interviews were mostly held in Swahili, translated by my research assistant. I made notes during interviews, and they were later translated and transcribed. 
6.3. [bookmark: _Toc129610924][bookmark: _Toc147091147]Focus groups
A focus group is a group of people who meet to discuss a topic that has been set by a researcher. If the researcher is in the room, it may be similar to an unstructured interview - however there is an added dimension of interaction between the participants (Morgan, 1997).
I completed focus groups at the start of the project to identify directions for the research and later in the project in additional case studies. Due to social expectations, I mostly held separate meetings for men and women, so that women were able to talk more freely. Generally, these were with groups of 10-15 people, however in Kibindu we had much larger groups due to a miscommunication. 
Communities’ ideas were written down in Swahili, with additional detail written on post-it notes in English (Figure 21). Focus groups were recorded, and later translated and transcribed alongside the notes taken in the group. Writing notes during the session allowed us to discuss previous ideas with participants and identify how different ideas may be linked. I held further focus groups in Mpale to discuss initial findings from my research and to evaluate activities. 
[image: ]
[bookmark: _Ref130311700][bookmark: _Toc130479777]Figure 21 Example of notes taken during focus group in Matembwe
[bookmark: _Toc129610925][bookmark: _Toc147091148]6.4. Participant observation
Participant observation involves the researcher spending time being, living or working with people or communities. The data collection may be in the form of field notes, sketches, videos, audio recording or photographs (Clifford et al., 2016). 
I kept field notebooks and took a range of photographs to show daily life in the communities, research activities and communities’ experiences of energy. Field notebooks consisted of observations of activities in the community, as well as my personal reflections. 
[bookmark: _Toc129610926][bookmark: _Toc147091149]6.5. Surveys
Questionnaires or surveys use a set question of questions which are answered by a sample of participants. They can be used to collect data from a large number of people and may be done through an interview, handed out or completed online (Sara L. McLafferty, 2016).
I completed two surveys in Mpale to collect data on income, household uses of energy and perceptions of the minigrid. I used open ended questions, some of which were then codified to help with analysis. I worked with Theresia, my research assistant, and Mariam, my local guide, to evaluate and improve the questions in the survey following a short pilot. Two further research assistants, Ikupa and Elia, assisted with completing the survey. Mariam selected households to participate to ensure a distribution of age, gender, and source of livelihood that was broadly representative of the community. Surveys were mostly completed in or around people’s homes, however on market days we would complete them in central buildings whilst people were at the market. 
There are 245 customers connected to the minigrid in Mpale. I completed surveys on energy usage with 47 households.  I completed surveys on tariffs and income with 76 households. 

[image: ]
[bookmark: _Toc130479778]Figure 22 Photograph of a survey interview taking place
[bookmark: _Toc129610927][bookmark: _Toc147091150]6.6. Diaries
Diaries can be kept by both the researcher and by participants to reflect on the research process, or their day-to-day experience of a certain subject. They may include questionnaires (Clifford et al., 2016).
At the end of the first field visit (June/July 2019), 30 diaries were handed out to members of the community. Participants were given loose guidance to write about their experiences of energy, or key events linked to electricity. On the following field visit (February/March 2020) these were collected from participants, and they were reimbursed for their contributions. 
I kept a field diary to record my personal reflections. 
[bookmark: _Toc129610928][bookmark: _Toc147091151]6.7. Participatory activities
[bookmark: _Toc129610929]The first step of the participatory activities was to hold focus groups in Mpale, Kibindu and Matembwe to identify their needs. In all apart from one village, these were held in separate groups for men and women, due to cultural norms around men having priority to speak. These groups consisted of a listed of the following open questions:
· Who is in your community?
· What do you like about your village?
· What are the challenges in your village?
· How is electricity used in your village?
· How would you like electricity to be used?
· What are the barriers and challenges associated with electricity?
Table 5 provides a summary of the different activities undertaken, with a focus on the four participatory activities (A-D). 
Common themes that came up as challenges in communities were agriculture, water access and financing. However, it was necessary for me to balance the needs of communities with things that I would be able to offer as a participatory researcher. In Mpale, people in both groups wanted to know more about energy for productive uses, and they raised issues with understanding the tariffs. This led to me planning two initial participatory activities – one on research skills, which could help the community tackle other issues, and another on understanding energy. 
In 2020, I returned to the village and prepared two activities that would build on the previous activities. These were on creating posters and on advocacy skills. Throughout both research visits, there was an iterative process – with ongoing feedback from the community. This involved me explaining my ideas and creating a focus group space where members of the community could critique them.
All content was translated from Swahili to English by Theresia Mrosso, who also helped to run all the workshops. The workshops were held in school classrooms during times they weren’t in use by the school. In 2019 each group had 25 people – 5 from each sub-village, and a balance between men and women. Participants were selected by each of the sub-village chairs to represent a range of ages and incomes. Each of the groups in 2020 comprised of five representatives from each of the two groups from 2019, and five new participants. 
6.7.1. [bookmark: _Toc118734289][bookmark: _Toc129797674][bookmark: _Toc147091152] Group A - Understanding energy (2019)
I was able to use my personal position as a qualified physics teacher to develop sessions to help the community understand more about energy. I planned a range of activities whilst in Dar es Salaam, which were then adapted to the needs of the group. The activities were delivered in Swahili in collaboration with my research assistant, Theresia Mrosso. 
We started by writing down what questions people had, which allowed me to tailor the content of the sessions to participants’ needs. We realised many of the questions were about how to interact with the project, so we invited the project engineer to take part in a session, visiting from Dar es Salaam. Throughout the sessions participants were encouraged to ask their own questions, and they engaged actively.  At the end of the workshop, we returned to the initial questions for a discussion. 
 (
Questions about electricity/energy
What are the differences between EDA and units on LUKU?
Why are connections 5 rooms or 3 lights? Kitchens?
Why is electricity expensive?
Can I transfer electricity to my other houses?
Why are there power outages?
Why are there limits compared to Tanesco? Can we use machines?
Why are bulbs expensive?
What is energy?
How many years will the project last?
Safety/risks of electricity – EnSol? Trees?
Can you have electricity in a grass house?
Why is the price different for connections?
What if you have trouble paying?
Why is there no electricity if the meter has units?
)







 (
Figure 
25
 Participants questions about energy/electricity
)

The first morning was an interactive session on ‘what is energy’, which was supported using school science textbooks and a booklet produced by the Tanzania Renewable Energy Association (TAREA). We covered definitions of energy, different ways energy can be transferred, energy efficiency and electricity generation (including renewable/clean/dirty energy). 
We used demonstrations of electrical appliances to both explain energy transformations and to show people how electricity can be used in their homes and businesses. To demonstrate the blender, a member of the group who was a farmer brought passion fruits, mangoes, and bananas to be turned into a smoothie for us all to enjoy. We invited a local tailor to attend to talk about how to use electric sewing machine motors. These appliances were left with members of the community who agreed to demonstrate them to other people. We used LED and incandescent bulbs to demonstrate energy efficiency, talking about the differences in how many units of electricity each bulb uses. 
[image: A picture containing person
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[bookmark: _Toc126066348][bookmark: _Toc130479782]Figure 26 Demonstrating use of a blender for making smoothies from local produce
We arranged a visit to the powerhouse of the project, with a tour from the project lead engineer. This gave participants an opportunity both to see how their electricity is generated, and to ask questions. Although the powerhouse is near the centre of the village, most of the participants had not been to see it. Following this visit, the project engineer held a question-and-answer session, where we raised the questions from the start of the workshops.  This led to a very fruitful discussion between the company and the community, which people said was not how they would normally communicate as the company would hold meetings to share information, but they did not have a chance for discussions. 
 (
Figure 
27
 Visit to the minigrid powerhouse
)

Finally, the group planned dissemination activities, as they were keen to share what they had learnt with the wider community. These are presented in appendix 3.8. 
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[bookmark: _Toc126066350][bookmark: _Toc130479784]Figure 28 Participants presenting their work

We organised a meeting where members of both Group A – Understanding energy and Group B – Research skills presented on what they had found to each other, the village chair, EnSol’s administrative officer and the local government development officer. 
 (
How can we share what we have learnt about energy/electricity?
Meetings
Newsletters
Radio/TV
Workshops
Speak to people 1-1
Groups of entrepreneurs
Each speak to 50 people
Be an example to others – an ambassador
Who should we speak to?
People with and without electricity
Councillors/government/village chair/village officer/ health centre/EnSol
Teachers
Everyone – children, women, men, businesses. 
)[image: Text
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[bookmark: _Toc126066351]
[bookmark: _Toc130479785]Figure 29 Notes on discussion on how groups can share what they have learnt.


6.7.2. [bookmark: _Toc118734290][bookmark: _Toc129797675][bookmark: _Toc147091153] Group B - Research skills (2019)
These sessions were planned to give participants research and advocacy skills. We started off by identifying questions the group were interested in. Initially this focused on questions about energy in their community, and then broadened out to their other concerns. The group narrowed these questions to five key topics – poverty; water & firewood; children’s education; energy awareness; and businesses. 
We discussed how we could find answers to their questions, which led to the group coming up with a list of research methods such as questionnaires, interviews, and photos/video. We talked about doing ethical research; especially not misleading people and letting people choose whether they want to answer questions. The sub-groups planned their own research projects and were provided with equipment such as notebooks, pencils, and a camera. The groups spent three days collecting their data.
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[bookmark: _Toc126066352][bookmark: _Toc130479786]Figure 30 One groups research questions and notes
After data collection we discussed ways that they could look at data, and how it could be used. The group decided that they would like to write letters to share what they had found. We discussed who they could write letters to, and the structure of a formal letter.  Their letters are included in the outputs section, which we delivered to the addressed recipients. The groups also presented their findings in a joint meeting with participants in the understanding energy workshop, attended by the village chair, EnSol’s administrative officer and the local government development officer. 

 (
Which people?
Community – children, women, men, business, shops
Ensol
Government – village, Korogwe, national
Researchers
Hannah’s parents
Companies and organisations
REA/Tanesco
Project sponsors – Tanzania and international
How to write a letter
Introduction
Why are you writing the letter
What would you like them to do after reading the letter?
What did you do?
What have you found out?
Do you have any advice?
Conclusion
)








 (
Figure 
31
 Discussion on who the groups could present their work to and training on letter writing
)
[bookmark: _Toc118734291]
6.7.3. [bookmark: _Toc129797676][bookmark: _Toc147091154]Group C – Creating posters (2020)
We started by recapping what groups had done the previous year – this was done by representatives from each of the groups who took part. I presented my initial findings from my research and we discussed what the group thought was important. We presented the idea of creating posters for the village, which the group approved. 
I had collected a range of presentation materials from different organisations in Tanzania. The groups looked at these materials to identify firstly key messages, such as how to use electricity safely. We then discussed which of the resources communicated their messages more effectively, such as by using colour and photographs. 
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[bookmark: _Toc126066354][bookmark: _Toc130479788]Figure 32 Example resources on energy from other organisations in Tanzania
 (
What information is it important to share about energy?
Use energy for cooking that helps save the environment.
Benefits and risks of electricity/energy
Uses of electricity for businesses, institutions, and households
Costs of electrical appliances
What is EDA? How much EDA do you get?
)[image: A person standing in front of a chalkboard
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[bookmark: _Toc126066355][bookmark: _Toc130479789]Figure 33 Notes on discussion about what information the groups wanted to share
[image: A picture containing text

Description automatically generated]
[bookmark: _Toc126066356][bookmark: _Toc130479790]Figure 34 A participant working on their poster
As three groups, the participants created posters on risks of electricity, uses of electricity and to explain the EDA tariff. The community designs were passed on to a Tanzanian graphic designer who created the posters shown in the outputs section. 
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[bookmark: _Toc126066357][bookmark: _Toc130479791]Figure 35 A group presenting their poster
6.7.4. [bookmark: _Toc118734292][bookmark: _Toc129797677][bookmark: _Toc147091155]Group D - Advocacy (2020)
As for the communication group, representatives from the activities in 2019 presented what they had found. I presented my findings, and we discussed what the community felt was important, and how they wanted to share this information. 
Participants split into three sub-groups – one to focus on messaging to EnSol, one for the local government and one for a meeting in Dar es Salaam with practitioners and policy makers. Each group prepared a presentation, however all the planned meetings had to be cancelled due to outbreaks of COVID-19 in Tanzania. The groups planned speaking points are included in outputs.
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[bookmark: _Toc126066358][bookmark: _Toc130479792]Figure 36 Participants in the advocacy activity

[bookmark: _Toc147091156]6.7.5. Activities with practitioners
In addition to the core activities with communities, I ran workshops with policy makers, academics and practitioners. In May 2019, I held a workshop funded by the Global Challenges Research Fund (GCRF) at the University of Dar es Salaam. The aims of the workshop were to identify research areas around minigrids for rural electrification; to map stakeholders and knowledge; and to complete initial planning for projects.  Dr Robert Katikiro, University of Dar es Salaam, and Mary Swai, Tanzania Traditional Energy Development Organisation (TaTEDO) presented on the status of electrification in Tanzania and its challenges. Groups identified policy and regulations, capacity building and cost of investment as major challenges. We discussed the importance of productive and community uses, and how there are barriers to the benefits of electrification. This workshop helped building partnerships across a range of actors in Tanzania. The meeting note is included as Appendix 3.5. 
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[bookmark: _Toc126066359][bookmark: _Toc130479793]Figure 37 Attendees at the GCRF funded workshop on minigrids in Tanzania held at University of Dar es Salaam

A meeting in Dar es Salaam was planned for March 2020, but was cancelled due to COVID-19. The representatives from Mpale were going to give their presentations to academics, minigrid companies, representatives from TANESCO and REA, and NGOs. I planned for participants to discuss potential solutions to the challenges raised by the people of Mpale.
 I obtained funding from the Fuel Poverty Research Network (FPRN) to revisit this work, collaborating with my research assistant, Theresia Mrosso. Alongside reanalysis of the data and an online workshop, we created a resource for policy makers and practitioners (Appendix 3.6.), published in both English and Swahili. 

[bookmark: _Toc129610930][bookmark: _Toc147091157]6.8. Secondary data collection 
EnSol provided customer payment data and system data for the minigrid in Mpale. Across all projects I visited I was provided with details of the tariff structure.
Customer payment data consisted of monthly amounts paid for each connected customer from January 2018 to March 2021. This provided information on when customers connected, which tariff they used, and which months they either underpaid or self-disconnected. 
EnSol provided system data from January 2018 to March 2021 at a one-minute resolution. The X-tender Analysis tool, designed by Studer-Innotec, was used to extract the demand (in kW) on the system at a 30-minute resolution (Xtender Data Analysis Tool (V1.6.44), n.d.) as this reduced the processing time and was a similar level of precision to the survey data. Verification checks were run on the data. These identified anomalous data points, caused by system errors, and a two-hour time difference between data pre- and post-March 2020, which was caused by a change in logged system time from Central-European Time (UTC+1) to East-African Time (UTC+3). System data is missing from 15th August to 5th December 2018 due to a communication error.
7. [bookmark: _Toc129610931][bookmark: _Toc147091158]Data analysis
In this thesis I have used a grounded approach to my analysis. Grounded theory is a methodological technique where hypotheses emerge from the data, rather than using pre-existing frameworks (Corbin & Strauss, 1990). This approach was selected as it is a bottom-up approach, building on community experiences uncovered in my data collection. This aligns with my focus on participatory research, and I involved the community in identifying key themes in my research. As an iterative approach, it enabled me to analyse data whilst in the field, present preliminary findings to the community, and make relevant changes to the research approach. For example, adding additional questions for topics that arisen as community concerns.  
The process of translation, and discussing how concepts were translated, should also be considered as part of the data analysis (Tarozzi, 2019). However, the fact that my analysis was conducted in English means that some meaning will have been lost.
Transcripts of interviews, focus groups, workshops, diaries (both my reflections and community diaries) and surveys were input into NVivo. I started with open coding using a line-by-line approach (Corbin & Strauss, 2012). Once this had been done to all my data, I began axial coding, which is where I joined together different categories with shared meaning and identified relationships between different topics, as shown in part in Figure 23, which shows the themes which lead to further analysis of tariffs (Chapter 5) and load profiles and seasonal variation (Chapter 6).  I completed my first analysis of the data set between my field visits, which enabled me to confirm and discuss findings with the community, and to complete further research activities. 

[image: ]
[bookmark: _Ref130311717][bookmark: _Toc130479779]Figure 23 Example of codes grouped in NVivo. This was printed off and relationships drawn in manually.



Quantitative data was analysed in Excel. Further information on methods used is included in the relevant chapters: Chapter 5 for tariffs and connections, using tariff information, customer payment data, income data and appliance use surveys, and Chapter 6 for load profiles, using system data, customer payment data and appliance use surveys. 
8. [bookmark: _Toc129610932][bookmark: _Toc147091159]Evaluation of methods
I have taken an iterative approach to evaluating my methods. Throughout my fieldwork I went back to members of the community, and community leaders, to discuss their thoughts on my work. I maintained a reflective practice both individually and with my research assistant.
8.7. [bookmark: _Toc147091160]Positionality
Within both research and practice, there is an ongoing legacy of colonization. Examples of this include positivistic research paradigms and modernistic development interventions (Kindon et al., 2007). If research fails to recognise this, and the nature of power dynamics it can mirror the inequalities they are trying to challenge (Cooke & Kothari, 2001). It can reproduce race, gender and class hierarchies, and further inform policies which may reinforce existing structural and social inequalities (Kindon et al., 2007). Although I took steps to de-colonise my research, these issues were still present. 
Participatory research is not neutral – changes are an integral part of it and are to be expected (Belmonte et al., 2015). This means it is often part of a longer programme of work that a single piece of research or publication. Empowering communities means that there is potential for ongoing benefits following a research programme. I did this successfully through having several visits to my main case study village, however I was limited by the impact of the COVID-19 pandemic and the short-term nature of my PhD funding. Within academia, there are challenges facing researchers using these methods. Progress and outputs are often measured by the publication of papers in reputable journals, or presentations at conferences. This style of research is also resource and time intensive. 
A significant limit of my participatory research was my own experience. People wanted to know about how energy could improve water access, particularly irrigation for farming. Although my research assistant has a greater understanding of agriculture, as neither of us had experience in irrigation and understanding local water usage, we did not feel able to help the community with this. 
8.8. [bookmark: _Toc147091161]Further limitations

Another difficulty was needing to have my research proposal authorised by my supervisors, who at the time were in Engineering and had not previously worked on participatory projects. This meant I did a literature review on issues that may come up, but then took a grounded approach to my fieldwork. I am aware that by doing this prior to my fieldwork may have skewed my perceptions. However, Hoddy (2019) argues that, when taking a critical realist approach (as I have in this thesis), an abductive variant of grounded theory allows for the use of pre-existing knowledge during research and planning. As in this thesis, open coding techniques can then be used in data analysis.  

An early challenge in completing this research project was finding minigrid companies who were interested in participating in the work. As I wanted to focus the research on community experiences, and take a participatory approach, this meant that I was not willing to complete research that purely met the companies’ needs. Most research into minigrids in Tanzania has been on projects implemented by NGOs and Universities. There are specific research gaps about regarding privately implemented projects but doing research in this space has additional challenges. As private companies, they are in competition with other companies, and are reluctant to share data from their projects. 
Whilst the use of interdisciplinary methods has been a key strength of this thesis, it has limited the depth to which I could use different approaches. For example, I could have used SPSS to statistically analyse qualitative data. 
9. [bookmark: _Toc129610933][bookmark: _Toc147091162]Conclusion
This chapter has provided a justification and description of the interdisciplinary methods used in this study. Using single research methods can limit the scope of research and fail to capture important contextual approaches (Greene et al., 2016; Lingard et al., 2008). By using mixed-methods I have been able to gain a more complex understanding of complex issues such as community experiences of minigrids, electricity demand and tariff structures. 
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[bookmark: _Toc147091164][bookmark: _Toc128145060]Chapter 4 - Perceptions of success in rural electrification projects in Tanzania
1. [bookmark: _Toc147091165]Context in the thesis
This chapter is presented as a paper, which will developed further during my publication scholarship. I have demonstrated how the use of participatory approaches (Chapter 3) can lead to uncovering a wide range of perspectives of success, particularly from communities. I compare communities’ understandings with existing frameworks. This chapter presents community perspectives on a broad range of aspects of their experiences in minigrids. In later chapters I use additional evaluative approaches, including quantitative analysis, to demonstrate in more detail issues identified in this chapter. Chapter 5 investigates issues around affordability and fairness, particularly approaches to tariffs and new connections. Chapter 6 further builds on these issues by looking at how they affect load profiles. 
2. [bookmark: _Toc147091166]Abstract
Minigrids have the potential to deliver electricity access in remote rural areas, which can be hard to reach with centralised distribution network. However, many projects are not successful. This paper draws on interviews, focus groups and participatory activities from six communities with minigrids in Tanzania. I have used a socio-technical systems approach to identify different ways communities and companies perceive the success of these projects. I have identified experiences with the national grid and interactions with the minigrid company as sources of communities' expectations of success. Understanding these issues can lead to improvements in future projects. 
I have used a social, technical, economic, environmental, and political approach (STEEP) to analyse the success of six minigrid projects. I have found that minigrid companies focus their perceptions of success on techno-economic factors, such as the number of connections and the system's reliability. Communities had a broader idea of success and were more open to discussing project failures. 
Projects not meeting communities' expectations was found to be a key reason for their perceived failure. I identified two primary sources of these expectations: experience with the national grid and interactions with the minigrid company. From experience with the national grid, communities expected to have an affordable supply that could power all appliances. This led to them considering the tariff cost and structure, and capacity of supply as failures. Comparison with the national grid also led to perceived successes – such as minigrids being more reliable than the national grid in rural areas. They also expected that the minigrid would bring more community benefits, such as street lighting.
I conclude with recommendations for practitioners and policymakers on how projects can be delivered more successfully. Increased community participation at the early stages of project planning would enable projects to be delivered alongside services which meet their needs. To do this, projects must be delivered in collaboration with other development actors in the community. The cost of solar minigrid tariffs was a significant issue across projects, so further work is needed to determine how subsidies can be provided. Minigrid practitioners need to provide communities with clear and complete information.  
3. [bookmark: _Toc128145061][bookmark: _Toc147091167]Introduction
In 2008/2009, the Government of Tanzania introduced reforms to encourage private sector companies to implement minigrids for rural electrification. This led to many new projects between 2008 and 2016. Before 2008 most minigrids for rural electrification were larger hydro projects implemented by non-governmental organisations. The Government of Tanzania introduced incentives, such as funding for connections. Companies have also received funding and financing from the World Bank, Power Africa (USAID) and the UN Development Programme. 
Over 740 million people globally do not have access to electricity (World Bank, 2022c). Chapter 2 of this thesis discusses how minigrids will likely be part of the solution based on techno-economic modelling (International Energy Agency, 2022). Recent minigrid projects use modern technology, such as solar PV and smart meters, and various business models. The private sector has had an increasing role, which is expected to grow if electrification targets are to be met (International Energy Agency, 2022). 
In the literature there are a range of evaluations of donor funded projects (Ahlborg & Sjöstedt, 2015; Ulsrud et al., 2015; van den Broek & Lemmens, 1997), but there is a need for further research into private sector projects (Pedersen & Nygaard, 2018b). There is emerging research on barriers to investment but not on community experiences (Schmidt et al., 2013).  
Evaluations by donors and companies tend to focus on the successes of projects to secure further funding, which means lessons are not learnt from failures (Perros et al., 2022). Minigrid companies are creating an electrification niche, which challenges the norms of many electrification regimes (Pedersen & Nygaard, 2018b). These companies are working to influence institutional and regulatory contexts, so evaluating these projects to understand how they benefit communities is important. A further challenge is that access to data often forms part of minigrid companies' business models, particularly with the use of smart meters, so they can be reluctant to share this openly. 
A wide range of literature identifies and assesses barriers to the success of rural electrification projects (Azimoh et al., 2017; S. C. D. palit Bhattacharyya, 2014; Rahman, Paatero, Poudyal, et al., 2013; Urmee & Md, 2016). This chapter uses a socio-technical systems approach (Adil & Ko, 2016; Ahlborg et al., 2019), which proposes that the success of electrification projects is dependent on complex inter-reliant social, technical, economic, environmental and political/institutional factors. These five types of factors are collectively called STEEP. I will compare my findings to four existing frameworks (Akinyele et al., 2018; Ilskog & Kjellström, 2008; Katre et al., 2018; Rahmann et al., 2016) and make suggestions how they could better incorporate community experiences. 
These results will be discussed through a lens of energy justice (K. Jenkins et al., 2016; Sovacool & Dworkin, 2014) and energy ethics (Frigo, 2017; Smith & High, 2017). A particular focus will be the importance of justice at a community level as well as for individuals (Chipango, 2023; Onazi, 2013).
[bookmark: _Toc128145062][bookmark: _Toc147091168]2.1. Evaluation of frameworks
This chapter compares a grounded approach, led by community experiences, to other frameworks used to evaluate rural electrification projects. These four frameworks were chosen as they each use the STEEP framework so that factors can be compared across them.
In the discussion, the frameworks will be evaluated using the three tenets approach to energy justice (K. Jenkins et al., 2016; Sovacool & Dworkin, 2014). Distributional justice looks at whether the benefits and burdens of projects are fairly distributed. Procedural justice regards involvement in decision-making and planning. Recognitional justice brings in the need to understand the needs of different groups, particularly marginalised communities (Boamah & Rothfuß, 2020; Samarakoon, 2019). 
Ilskog and Kjellström (2008) propose 39 sustainability indicators using the STEEP framework. Their criteria for indicators were that they should be simple to understand and apply, transparent and inter-subjective, robust, comprehensive and fair (Ilskog, 2008)This leads to indicators which are specific and quantitatively measurable (see Table 1 for a full list of indicators). Whilst this makes it easier to make comparisons across different projects, it limits the potential for a more thorough understanding of issues that may be novel in a particular context. 
Another framing of success criteria is sustainability conditions – Katre & Tozzi (2018)propose their framework as an approach to analyse whether a replication of a project model is likely to succeed. Rahmann et al (Rahmann et al., 2016) further this by presenting a Composite Sustainability Index (CSI), which places a numerical weight on each factor. Akinyele et al (2018) use the STEEP approach to identify key dimensions and actions that lead to successful projects. A summary of the indicators used in these four models is presented in Table 1 below. 
Although these approaches are a helpful way to analyse the success of projects, they are all interlinked. Riva et al.'s work on causal diagrams (Riva, Ahlborg, et al., 2018) demonstrates the complex ways these factors can influence each other. It is particularly important where there are positive feedback loops, where factors enhance each other over time. For example, decreasing demand can lead to an increase in tariffs (to cover project costs), which may further reduce the demand. Understanding end-user experiences can provide insights into these complex interactions (van Gevelt et al., 2020). 
2.1.1. [bookmark: _Toc128145063][bookmark: _Toc147091169]Social
Regarding social factors, models developed by Rahmann et al (2016) and Ilskog & Kjellström (2008) have limited coverage as they focus on quantitative values. Rahmann (Rahmann et al., 2016) proposes metrics on community perception as a percentage for affordability, local development, health improvements and satisfaction with the project. 
Community perceptions of success are primarily social but are related to all other factors. I use Hirmer and Cruickshank's (2014) framing of the user-value of rural electrification to analyse these perspectives further. They identified a range of criteria, categorised by functional value (cost, quality, and convenience), social significance value (identity, status), epistemic value (knowledge, novelty), emotional value (association, fun, safety) and cultural value (tradition, spirituality, religion). This leads to further analysis of the origins of community perceptions, which arise from their values and experiences.
2.1.2. [bookmark: _Toc128145064][bookmark: _Toc147091170]Technical
Technically, the frameworks converge on the factors which are important for project success. There is a focus on reliability and availability in technical evaluations. This can lead to oversizing projects and increased costs, so it is important to also consider capacity factor and appropriateness of design, as included in Akinyele (2018) and Rahmann (2016). Whilst technical losses and availability of services are indicators of success, considering aspects such as compliance with a maintenance plan, the presence of locally skilled practitioners and monitoring systems can give insights as to why the system may have outages. 
2.1.3. [bookmark: _Toc128145065][bookmark: _Toc147091171]Economic
Economic factors focus on project profitability, such as investment, financial support, fuel costs, operation and management costs, and revenue generation. It's also important to consider community-based economic factors. Productive uses of energy are included in Katre (Katre et al., 2018) and Ilskog & Kjellström (2008). Rahmann (Rahmann et al., 2016)is the only framework that considers tariff costs compared to the region and to previous or alternative systems and also considers affordability within social factors. Ilskog & Kjellström (2008) include the percentage of customers in higher income categories as a social factor, which provides some measure of distributional equity, as well as subsidies offered for electricity services. However, one issue with rural electrification projects is that the presence of subsidies does not provide any detail on how they are implemented and who is benefiting. Wealthier households are often able to benefit more from these subsidies (Mottram, 2022). It's important also to consider the distributional effects of tariff costs, such as whether poorer households pay more per unit of electricity (Mottram, 2022) or if there are safety nets in place for vulnerable households (A. Scott & Pickard, 2018). Rahmann et al (2016) includes perceived affordability as a social factor, but it is unclear how this would be measured as a percentage. 
Many factors could be considered across different categories. For example, community engagement is regarded as a social indicator by Akinyele et al (2018) and Rahmann et al (2016) and a political indicator by Katre & Tozzi (2018). The cost of electricity is considered both a social (perceived affordability) and economic indicator (cost compared to the region and alternative energy source) by Rahmann et al (2016). This reinforces that these issues are interrelated, and categories can be arbitrary. However, when these tools are used in practice, including all community aspects as social indicators may lead to a lack of engagement around technical and economic issues. 
2.1.4. [bookmark: _Toc128145066][bookmark: _Toc147091172]Environmental
All four frameworks have an indicator regarding greenhouse gas emissions. Katre & Tozzi (2018)and Ilskog & Kjellström (2008) specifically consider local impacts, such as indoor air pollution and the use of kerosene and firewood. Akinyele et al (2018) have general indicators regarding resource and environmental impact assessments and is the only framework to consider local environmental awareness.  Rahmann et al (2016) have local indicators on noise and contamination.
2.1.5. [bookmark: _Toc128145067][bookmark: _Toc147091173]Political and institutional
There is a broad scope of what is included as political or institutional indicators. Rahmann et al (2016) don't include it as a separate category but considers community engagement a social indicator. Ilskog & Kjelstrom (2008) use indicators that can be measured quantitatively, such as the number of years in business and the share of women in staff/management. Akinyele et al (2018) include policy and political indicators but only quality control at the project level. On the other hand, Katre & Tozzi (2018) focus on project governance, community involvement and user satisfaction. 
Political and institutional factors are particularly challenging to measure quantitatively. They also act on many levels, such as national governance and policy, local political will, supportive institutions (which can be global) and within communities. 

2.1.6. [bookmark: _Toc147091174]Summary of frameworks
Table 1 below provides a summary of each of the frameworks discussed in this chapter. The authors of each paper categorised indicators into most of the STEEP factors – Social, Technical, Economic, Environmental and Political. 
 
Table 1 Summary of the frameworks used in this chapter
	
	Akinyele et al (2018)
	Islkog & Kjellström (2008)
	Rahmann et al (2016)
	Katre et al (2018)

	Social
	Community Engagement
Awareness of energy uses
Project ownership
Installation skills
Preliminary surveys
Education on maintenance and efficiency of appliances
Security of infrastructure
	Number of streetlights per 1000 population
Microcredit for electricity connection
Share of population with primary education %
Share of population with access to electricity %
Distribution of electricity client households in income groups, % in higher income categories
Subsidies offered for electricity services, USD/kWh
	Household electricity expenses ($/kWh), % community electrified, perceived affordability (%)
Number of new direct jobs, perceived development due to microgrid (%)
Training sessions on using electricity safely (hrs, perceptions in health improvements (%)
Attendance at meetings, community engagement in O&M, community satisfaction (%)
	Household wellbeing (education, health, safety& wellbeing, woman independence)
Community connectedness (unity and connection, community activities)

	Technical
	Appropriate design
Maintenance procedures
Local skilled practitioners
Conformity to International Standard Codes
Quality of materials
Knowledge of renewable energy context
Monitoring systems
Project management
	Conformance with national standards for transmission/distribution and client installations
Technical losses, %
Daily operation service, %
Availability of services, %
	Distribution network losses, comparison between household consumption + regional, capacity factor
Ratio between renewable and fossil fuel
Voltage deviation, frequency deviation, hours without energy, perceived reliability (%)
Compliance to a maintenance plan, mean time to repair faults
	Domestic supply (capacity, duration, reliability, quality, legality, safety, affordability)
Public lighting
Domestic consumption

	Economic
	Government financial support
Financial responsibility
Financial frameworks
Revenue generation
Operation and maintenance costs
	Profitability, %
Operation and maintenance costs USD/kWh
Capital and installation costs USD/kWh
Share of profit re-invested %
Tariff lag, USD/kWh
Share of electricity used by businesses %
Share of houses using electricity for income-generating activities %
Number of electric service organisations
	
	Model sustainability (system functionality, bank reserves)
Livelihoods (commercial activities)

	Environmental
	Energy resources assessment
Environmental impact assessments
Environmental awareness
	Share of renewable energy in production %
Emissions of carbon dioxide from production
Share of households where other energy source for lighting has been replaced
Share of electrified households where other energy sources for cooking have been replaced
Any serious local environmental impact identified
	
	Local – indoor air quality
Global – CO2 emission reduction

	Policy/ Institutional
	Coordinated policy
Political will
Frameworks for the private sector
Quality control
	Share of staff and management with appropriate education
Level of satisfaction with energy services
Number of shareholders
Share of women in staff/management
Number of years in business
Share of unpaid electrical services
Auditing of annual reports
Degree of local ownership
	
	Effectiveness of governance (ownership transfer)
Community involvement (participation in energy meetings, inclusion in local institutions)
User satisfaction (system, streetlights, fairness, governance)



3. [bookmark: _Toc128145068][bookmark: _Toc147091175]Methods
Data for this chapter were collected through interviews, surveys, observations, focus groups and participatory activities as described in Chapter 3 of this thesis.
This chapter focuses on the data from interviews with community leaders, community focus groups, household surveys, participatory activities, participant diaries and ethnographic observations. This data is supported by insights from interviews with minigrid developers, project technicians and local agents; however, companies were unwilling to share information about profits and economic sustainability. This data was imported into NVivo where a grounded approach  (Cohen et al., 1969; Lingard et al., 2008; Thornberg & Dunne, 2019)  was used to code content. Participants in photos agreed to these being shared. Names have been changed to protect anonymity, as agreed in ethics approval. 
Firstly, I have drawn on the social, technical, economic, environmental and policy (STEEP) indicators used by (Akinyele et al., 2018; Ilskog & Kjellström, 2008; Katre et al., 2018; Rahmann et al., 2016) to analyse the success and failures of each project. I have then identified differences between community and practitioners' perceptions of success, particularly by looking at how community experiences have shaped their expectations of projects. 
4. [bookmark: _Toc128145069][bookmark: _Toc147091176]Results
This section will first focus on the community experiences in Mpale, the main case study. Examples from other villages will be used to provide additional detail.
4.1. [bookmark: _Toc128145070][bookmark: _Toc147091177]Community perceptions in Mpale
4.1.1. [bookmark: _Toc128145071][bookmark: _Toc147091178]Social
 (
Figure 
48
 Mpale village nurse demonstrating the electric fridge and sterilising machine
)Perceptions of social benefits from the minigrid varied across the community in Mpale. One area where there was a consensus of the benefits was improved services at the zahanati (health centre). Women talked about how electric lights meant that when people give birth, they no longer have to bring their own torch or kerosene lamp. People knew of other improvements, such as a sterilisation machine and a fridge for vaccinations and medication. The fridge meant the village could become a hub for distributing vaccinations and medicines to neighbouring villages. 

Electricity has helped the health centre – previously, they had to use kerosene lamps even if someone came to deliver a baby. After using the equipment, they had to boil them using a stone stove. Now they have a machine. They had a solar panel, but they wouldn't have power during cloudy days. Electricity has helped to reduce those problems.
Quote 6 – focus group
Most people were pleased about other services that electricity had bought to the village, such as cold drinks, salons, TV showrooms and an air compressor (quote 2). Although their presence was considered a social benefit, some households raised how this meant businesses were more likely to economically benefit from the minigrid than others, which increased inequality. It wasn't felt that these services had bought additional income to the village, but they had changed how money circulated (quote 3). This is an example of how the factors are complex and interlinked – including how something can be considered both a success and a failure.
We have services now – you can get a haircut, a cold drink
Quote 7- Focus group
There is barter trading within the village, but not much money coming from outside
Quote 8 Focus group
[image: ]
[bookmark: _Toc128421749][bookmark: _Toc130479805]Figure 49 Local shopkeeper selling cold drinks and staying open in the evening.
 (
Figure 
50
 School head teacher who also runs a technology repair shop
)[image: ]








Households with connections talked about how lights mean they feel safer. Lights also meant children could study and people could work later. They valued having better access to information and communication tools through phones and computers. However, households without connections felt there were limited benefits and sometimes disadvantages. They felt safer in the central areas, where businesses would have outdoor lights. The primary school would run some evening classes, which meant students without electricity could study, but access to this depended on where they lived and their other responsibilities at home. Households without electricity were concerned this could lead to their children falling behind at school. People can pay to charge their phones, and improved electricity access meant this was cheaper than before the minigrid. 
Now you can walk across the village safely because there is light
Quote 9 Hadija, farmer

[image: ]
[bookmark: _Toc128421751][bookmark: _Toc130479807]Figure 51 Children studying in the evening - although some respondents also reported increased time spent watching TV.
[image: ]
[bookmark: _Toc128421752][bookmark: _Toc130479808]Figure 52 A shop providing mobile phone charging.

[image: ]
[bookmark: _Toc128421753][bookmark: _Toc130479809]Figure 53 Maryam feels safer at night as she has a light outside her house. Her kitchen is in a separate building, so she can see her way there without a torch - which is difficult if she carries food.
People did not connect to the project for a range of reasons. Many homes in the village could not get a connection as the company deemed mud and grass houses, as seen in Figure 54, unsafe for connections due to fire risk. This meant the poorest in society were excluded due to the type of home they live in. 
Although EnSol provided wiring loans, the upfront cost was too high for many people, as well as the high costs of tariffs. Twenty percent of Tanzanians live on under $180 per year (Matotay, 2014), and to connect to the EnSol minigrid costs $60 - $100, depending on number of bulbs and sockets.   Although people would receive small amounts of credit in local shops, such as to cover the costs of rice or soap, it was unusual to have significant amounts of debt. When building houses, people would build each stage when they had the money available, so there were a range of partially finished buildings around the village. People were intimidated by the idea of being in debt. EnSol received results-based financing which covered the connection costs (meters and external connection from the minigrid), this was only available for the first 250 connections. Wealthier households were more likely to connect earlier, so poorer households missed this subsidy. 
[image: ]
[bookmark: _Ref130311757][bookmark: _Toc128421754][bookmark: _Toc130479810]Figure 54 Many houses in the village are made from earth and grass, but the company won't provide them with an electricity connection for safety reasons. This picture shows an earth house, with a neighbouring stone house, with a corrugated iron roof, connected to the minigrid. 
[image: ]
[bookmark: _Toc128421755][bookmark: _Toc130479811]Figure 55 Map of the distribution network in Mpale - note the houses in the bottom left corner that are not connected and other isolated homes.
I want electricity, but the poles aren't close to my house. What will I gain?
Quote 10, Ali, Farmer
People felt a sense of pride in having electricity in their village. People would visit the village from around the valley as they could see the lights, even when there were outages on the national grid. They spoke of pride in having international visitors to the village, such as my research, which has brought other opportunities to the village. They felt teachers and nurses would be more likely to stay in the village as it has modern amenities. 
Other people from other villages, when they come here, they drink cold drinks from here and they learn from that, they also get the excitement of having a project in their village.
Quote 11
The teachers like electricity – nearby villages don't have it, so the teachers like to stay in Mpale
Quote 12

[image: ]
[bookmark: _Toc128421756][bookmark: _Toc130479812]Figure 56 View of the centre of the village - people are proud that they are lit up at night.
Energy for cooking is an issue that is not tackled by the minigrid project. This is an issue with substantial social and environmental impacts caused by air pollution and the collection of firewood. Women and children, particularly girls, are most heavily impacted by this by losing time to firewood collection. They experience ongoing impacts from carrying heavy loads, risks of accidents (both when collecting firewood and when cooking) and breathing difficulties from smoke. 
[image: ]
[bookmark: _Toc128421757][bookmark: _Toc130479813]Figure 57 Women and children generally cook using firewood with kerosene lamps. They are exposed to air pollution, which causes sore eyes and breathing difficulties.
4.1.2. [bookmark: _Toc128145072][bookmark: _Toc147091179]Technical
Technically, customers were happy with the reliability of the service. Although there were occasional outages, these were generally only for a few minutes – which is much more reliable than the national grid in rural areas. They were grateful for local technicians who would fix grid issues quickly and were available to help with household electricity issues. The main way they didn't view the project as technically successful was a lack of capacity, particularly for running milling machines. Ground maize is a food staple, and the milling machines still use a diesel generator.
4.1.3. [bookmark: _Toc128145073][bookmark: _Toc147091180]Economic
The main complaints about the project were the cost and the type of tariff, so people viewed this as an area of failure. Although people accepted the cost was cheaper than kerosene, almost everyone we spoke to thought the tariff was too expensive. The company provided loans for household connections, but people complained about the additional cost, mainly because they would not be able to purchase electricity that month if they didn't pay back their loan in a month. 
Most people were also unsatisfied with the tariff – they said they would prefer to have LUKU, a pay-as-you-go tariff, rather than a pay-monthly tariff. Issues with this included not having units. Some people struggled to understand how the tariff worked.
Electricity brings poverty when the cost is not reduced because all the money you get you have to pay for electricity bills yet you have kids to take to school and other family needs.
Quote 13 Output from participatory activity - research into poverty
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[bookmark: _Toc128421758][bookmark: _Toc130479814]Figure 58 Every connected home has a meter and an information sheet. However, people were often unsure how to read the different values the meter would show.
Opportunities for income-generating activities are limited in the village. Most people have very low incomes, so they cannot afford to pay for additional services – as shown by the quote below from Mohamad. Roads to the village are poor quality, so transport is mainly by motorbike. Tariffs on the minigrid being higher than the national grid makes it harder for local businesses to compete in the market or limits their profits. In the participatory research activity, one group spoke to businesses about their challenges – quote 10 shows how businesses also suffer due to low opportunities for investment. 
My life is miserable because I don't have any money. I have things to sell but there are no customers.
Quote 14 Diary, Mohamad, farmer and shopkeeper
One of the challenges the business people are saying is that they pay a lot of money for their electricity bill that makes them have less profit. They also found out that most business people have low capital investment in their business. 
Quote 15 Output from participatory activities - research on businesses in the village
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[bookmark: _Toc128421759][bookmark: _Toc130479815]Figure 59 Twalibu, a tailor, was given a sewing machine motor as part of this research project. Although it made his work easier, it did not increase his income, as people in the village couldn't afford to pay him
Another issue was the level of minimum top-up. Initially, in Mpale the minimum top-up was 11,000 TSh (4.7 USD), the tariff for a whole month. Poor households earn income gradually throughout the month, so paying this amount in one go was challenging. If they couldn't pay the full amount, they would go without electricity for a whole month. EnSol started allowing smaller payments, although this increased time spent on transactions by the project administrator. Households would then only get electricity for the number of days they had paid for, and still around 70% of households couldn't pay the full minimum monthly tariff. 
During the construction of the project, many local people were employed. Roles included digging, carrying equipment and assisting with building, as well as supporting services such as providing food. Using local labour meant that people felt engaged with the project. In the longer term, two local men were trained as project technicians (one had already completed technical studies). The project employs a project administrator based in the village, who is responsible for customer payments, contracts and project evaluations. The lead project engineer, based in Dar es Salaam, travels to the village several times a year for operation and maintenance tasks and meetings with customers. 
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[bookmark: _Toc128421760][bookmark: _Toc130479816]Figure 60 Jafari is the lead technician in the village, responsible for project maintenance and new connections.
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[bookmark: _Toc128421761][bookmark: _Toc130479817]Figure 61 Erica is the project administrator. She is available 9 am - 6 pm for people to top-up their meters and to discuss new connections. Here she is explaining to new customers how the meters work.
4.1.4. [bookmark: _Toc128145074][bookmark: _Toc147091181]Environmental
Solar minigrids have a limited local environmental impact. In Mpale, the land used for the solar panels and powerhouse was previously used for tea farming. Figure 62 shows how the footprint of the minigrid infrastructure is small compared to the amount of land around the village. The land owners were financially compensated, and were satisfied with the amount received. 
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[bookmark: _Ref130311789][bookmark: _Toc130479818]Figure 62 Arial view of Mpale. The solar panels are next to the powerhouse.
Whilst improved access to electricity had displaced kerosene for lighting in many homes, it did not affect the use of firewood for cooking. People were also concerned about the loss of local forests, particularly as they had to walk further to find sources of firewood. Indoor air pollution remains a significant health and environmental issue for those using firewood and kerosene for cooking and lighting. 
The solar minigrid being renewable energy did not come up as a benefit in any of the interviews, focus groups or surveys. However, after learning about different ways of generating electricity in the participatory workshops, people were proud that a clean energy source powered their village. However, the quotes below demonstrate how people's main experience of 'dirty' energy was using firewood for cooking, and they were disappointed that the minigrid would not be supplying electricity for cooking. 
We now have hope of using electric stoves because we know about clean and dirty energy. We want to use the electricity for this because it is here. We now know more about the environment, so we want to protect it. 
Quote 16 From a participant in the energy workshop
Now I have electricity, I want to get rid of the cough that I have from using firewood. 
Quote 17 From a participant in the energy workshop
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[bookmark: _Toc128421762][bookmark: _Toc130479819]Figure 63 Local air pollution from a diesel-powered milling machine
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[bookmark: _Toc128421763][bookmark: _Toc130479820]Figure 64 Soot and smoke from a firework stove used by a small business selling maandazi (doughnuts)
4.1.5. [bookmark: _Toc128145075][bookmark: _Toc147091182]Political and institutional
The minigrid in Mpale is owned and operated by EnSol, a Tanzanian company. There was a gender imbalance around how involved people felt in the early project stages. Men were invited to meetings to learn about the project, but women tended not to feel part of these discussions. Although people were told about the benefits of the project, they weren't given adequate information about the tariff costs. There was uncertainty about what wider benefits the company would provide – many negative comments revolved around expectations of a new football pitch, street lighting and a new school building. In 2019 the company finished levelling the football pitch but said they had only agreed to put in a connection at the powerhouse for streetlights rather than providing this service and that they would provide materials for a school building, but the village would need to provide the labour. 
My husband went to the meetings. He didn’t tell me what happened.
Quote 18 Esther, electrified farmer
[image: ]
[bookmark: _Toc128421764][bookmark: _Toc130479821]Figure 65 The village football field, which was levelled by EnSol. People travel from other villages to watch football matches here.
Village leaders and members of the electricity committee felt that there was a good relationship between the community and the minigrid company. However, many customers felt their concerns about the costs of tariffs were not being listened to, and unconnected households had less awareness of the project. There were meetings every couple of months between EnSol and their customers. People felt the local staff (a project administrator and two technicians) were knowledgeable about the project and provided good support. 
In the initial focus groups in Mpale, several people raised concerns that they did not know enough about energy and electricity. In Tanzania, there have been considerable improvements in primary education; however, amongst the national adult population (aged over 15), the literacy rate is 78% and lower in rural areas (Ndijuye & Beatus, 2022). EnSol had done some work to increase awareness, and TaTEDO (a Tanzanian sustainable energy services organisation) had done training on energy efficiency. People in the community didn't feel this was sufficient and wanted more understanding of how electricity works, what it can be used for and how to use it safely. 
Although the national government passed regulations to support rural minigrids, local political support was variable. I attended a meeting with the local diwani (councillor) in 2019, where he claimed the national grid would arrive in the next two years, so people should not connect to the minigrid. Promises of the national grid arriving had been made before the EnSol project, which meant some people were reluctant to connect. Over several years they realised that these were empty promises. The Energy Minister would make promises of lower tariffs for rural minigrids during television interviews; however, these weren't backed up by support for these projects. The village mwenyekiti (village chair) supported the project as he saw the development it brought to the village but put pressure on EnSol to reduce costs and to deliver more community benefits. 
4.2. [bookmark: _Toc128145076][bookmark: _Toc147091183]Community perceptions across other projects
Issues similar to those in Mpale were raised across the other projects I visited. The main exception was the hydro project in Matembwe for several reasons. The Matembwe project was considerably higher capacity (550 kW), so it could support higher-power appliances. It was implemented by an international charity in partnership with the community and is now run by a community interest company. As well as the hydro-powered minigrid, the project included developing local industries such as milk processing. The tariff in Matembwe was lower than on TANESCO, whereas the other projects visited were all solar minigrids with significantly higher tariffs. In many parts of Matembwe, people could choose whether to connect to TANESCO or the minigrid, and businesses in particular often had connections to both. 
4.2.1. [bookmark: _Toc128145077][bookmark: _Toc147091184]Social
In the focus groups, participants talk of similar benefits to Mpale, such as being able to get cold drinks and charge phones. The social benefits were limited due to the high cost of tariffs. In Kibindu, there was a minimal distribution network, so only 50 households had connected (out of an expected 300), and the school and health centre had not yet been connected. This meant many people did not feel the village had changed. In Bwisya and Chang'Ombe, the water projects were particularly well received, as they reduced the cost of getting water and the burden on women and children. 
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[bookmark: _Toc128421765][bookmark: _Toc130479822]Figure 66 In Kibindu the village centre is connected, but the distribution network has not spread to other parts of the village.
[image: ]
[bookmark: _Toc128421766][bookmark: _Toc130479823]Figure 67 The water project in Chang'Ombe provides water at a cheaper rate than trucks delivering water. People may have to queue for hours and are limited to 40 litres of water. 
4.2.2. [bookmark: _Toc128145078][bookmark: _Toc147091185]Technical
Across all projects, people thought the grid was more reliable than TANESCO, but there were concerns about capacity for higher power machines on the solar projects. In Leshata and Chang'Ombe, many homes had previously used solar home systems, so people were pleased with the comparable reliability of the minigrid. However, the prevalence of solar home systems also caused issues. In Chang'ombe, there had been issues with people using DC appliances on their AC connections from the minigrid, which caused regular outages and a reported fire (Figure 68). 
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[bookmark: _Ref130311814][bookmark: _Toc128421767][bookmark: _Toc130479824]Figure 68 DC appliances are often available in villages for homes with Solar Home Systems. They can cause outages and fire risks if connected to the AC supplies from minigrids. 
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[bookmark: _Toc128421768][bookmark: _Toc130479825]Figure 69 A warning sign at the powerhouse in Bwisya. It is written in English, so many people in the community would not be able to read it.
4.2.3. [bookmark: _Toc128145079][bookmark: _Toc147091186]Economic
Across all of the solar home projects people considered the tariffs too expensive, and there were concerns about fixed costs and time-of-use tariffs (Mottram, 2022). In Leshata a woman said she expected that the electricity would be free after connecting, as is the case if you purchase a solar home system and as 'the sun is free'. When the project was launched in Kibindu SESCOM, the community-owned company, did not collect tariffs, creating cash flow issues and expectations of free electricity. In Bwisya Jumeme switched to a pay-per-unit tariff from a monthly cost following pressure from the community; however, they continued to be unhappy as their monthly electricity costs ended up higher for most households. In Matembwe houses metered connections caused issues due to irregular meter readings and unexpected bills. If people weren't in when MVC (Matembwe Village Company) came to take meter readings, they could be fined 5,000 TSh (2.1 USD) or had to risk leaving their homes unlocked. 
Many of the projects used pay-as-you-go systems. An issue across several projects was delays in receiving units in accounts after topping up, which could take up to 3 days. In all villages there was a local agent (wakala), however there could be difficulties if credit ran out when the agent was unavailable, which could be for several days over a weekend. Where there was an option to pay by phone, customers had to pay an additional fee. Minimum top-up values meant households couldn't always afford to top up their meter, but decreasing this means additional transaction costs for companies. 
Connection costs were often a barrier to households. In Kibindu, people had to pay to extend the minigrid and for their connection, so only 54 out of an expected 300 households had connected. 
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[bookmark: _Ref130311877][bookmark: _Toc128421769][bookmark: _Toc130479826]Figure 70 Fish being frozen before being transported to Mwanza, the nearest city, where they will fetch a higher price than fresh fish.
As in Mpale, people struggled to generate income from electricity due to a lack of local markets, high tariffs and poor infrastructure . In Bwisya, a group of women started a business baking bread, but high tariffs meant they couldn't be cost-competitive with bread bought in from elsewhere (Figure 71). In Leshata the neighbouring village (in a different county) was connected to the national grid, so people would choose to use businesses there instead. An exception was the fishery project in Bwisya, run by Jumeme. Being able to freeze fish caught in Lake Victoria meant they could be transported further and so could reach a higher price (Figure 70). This brings additional jobs and income to the community. In Matembwe, factories were built as part of the development project, bringing income to the village. In other projects the capacity of the minigrid is not high enough for many industrial processes. 
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[bookmark: _Ref130311852][bookmark: _Toc128421770][bookmark: _Toc130479827]Figure 71 This oven was bought to the village for a group of women to use to bake bread, but they found that the business was not profitable.
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[bookmark: _Toc128421771][bookmark: _Toc130479828]Figure 72 Animal feed factory built as part of the CEFA development project, alongside the hydro minigrid
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[bookmark: _Toc128421772][bookmark: _Toc130479829]Figure 73 A higher capacity on the Matembwe minigrid means power can be provided for a range of carpentry tools.
Another challenge for businesses is being able to afford the upfront costs of appliances. In Bwisya people were provided with loans for appliances, but people had issues with appliances breaking down. Although the company provided financing when appliances broke, people could not fix them locally. People struggled to repay loans for appliances as they could not earn the incomes they had hoped for. 
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[bookmark: _Toc128421773][bookmark: _Toc130479830]Figure 74 The bridge to Leshata is damaged. During the dry season you can go across the riverbank, but access to the village is limited during the rainy season.
4.2.4. [bookmark: _Toc128145080][bookmark: _Toc147091187]Environmental
As in Mpale, the solar minigrids had a low environmental impact. In all villages, people still used diesel for milling machines, kerosene, and firewood. The hydro generator in Matembwe was not close to the village, so people weren't aware of any environmental issues. 
4.2.5. [bookmark: _Toc128145081][bookmark: _Toc147091188]Political and Institutional
Across all the projects visited, the community didn't feel involved in the process nor listened to by the company. Although companies held meetings, these tended to be one-way communication with companies providing updates. In most villages women reported that they had not been invited to meetings or involved in consultations. They didn't feel their concerns had been addressed, including how children can be kept safe around electricity. 
A lack of engagement was particularly noted at project initiation. Across all projects people were uncertain about tariffs and connection costs when they connected. There was confusion around what wider benefits companies would provide for the community; in Bwisya they expected school desks, in Chang'Ombe streetlights and in Leshata, a water project. 
In Kibindu both the community and Husk Power talked of a failure of ownership, with unclear responsibilities between the community, SESCOM and Husk Power. The community felt there had been no implementation – things had been promised but not delivered.
Companies had different institutional models of how they delivered customer service. Whilst in Mpale there was a project administrator based in the village, in Leshata and Chang'Ombe PowerGen has a centralised customer service team. People had concerns that they weren't listened to and that issues would take a long time to be solved. 
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[bookmark: _Toc128421774][bookmark: _Toc130479831]Figure 75 PowerGen have a centralised customer service centre. This poster was given to the research team - it wasn't present in many households we visited.

In Matembwe, the national grid has reached the village, so households and businesses now have a choice. A neighbouring village to Leshata is connected to the national grid; however, they have been told this cannot be extended as it would cross a county boundary. Communities expected the grid would arrive soon, reinforced by comments from local diwani (councillors) and statements from the president and the energy minister on TV, radio and newspapers. This caused reluctance to connect, particularly due to the high cost. Near Chang'Ombe TANESCO had delivered power line poles (Figure 76), but these had been left for several months with no information about whether the grid would arrive. 
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[bookmark: _Ref130311899][bookmark: _Toc128421775][bookmark: _Toc130479832]Figure 76 TANESCO power line poles near Chang'Ombe
5. [bookmark: _Toc128145082][bookmark: _Toc147091189]Discussion
[bookmark: _Toc128145083][bookmark: _Toc147091190]5.1. Comparison of community vs practitioner perceptions of success
Minigrid practitioners, especially minigrid companies, were more likely to focus on the success of projects. Their perceptions centred on techno-economic factors, such as how many customers have been connected or the reliability of the systems, as shown in quote 14. On the other hand, communities had broader perceptions of success, talking about improved services to the village as well as techno-economic factors. They were more likely to mention ways projects failed, such as high tariffs, connection costs, and increased inequality. The organisation that implemented the Kibindu project spoke about how it was a technical and social success, which was not the community's perception. Companies' and non-governmental organisations' reluctance to talk about failure may be due to the role of previous success in securing future funding and maintaining their reputation (Perros et al., 2022).
The project is successful – we don’t have outages like on TANESCO
[bookmark: _Toc128145084]Quote 19 Mpale project technician
[bookmark: _Toc147091191]5.2. Comparison of community experiences with their expectations
Projects not meeting communities' expectations was found to be a key reason for their perceived failure. I have identified two main sources of these expectations: experience with the national grid and interactions with the minigrid company. From experience with the national grid, communities expected to have an affordable supply that could power all appliances. This led to them considering the cost and models of tariffs and the capacity of supply as failures. Comparison with the national grid also led to perceived successes – such as minigrids being more reliable than the national grid in rural areas. They also expected that the minigrid would bring more community benefits, such as street lighting.
These expectations from that national grid are mediated through community interactions with minigrid companies. Across all solar minigrid projects, communities said they didn't feel they had adequate information at the start of the project. Some people weren't aware of local meetings in all villages. Others said in these meetings they were just told that the tariffs would be affordable without an indication of the price per unit or tariff model. This is an example of a procedural injustice (Barragan-Contreras, 2021; McCauley et al., 2013; Yenneti & Day, 2015), as communities are not given adequate information to make decisions. 
People had expectations of broader benefits for the community and not just for individuals (Onazi, 2013). In all projects, connections were provided to health centres and schools, who were then responsible for paying their electricity tariff. In Matembwe, streetlights were installed as part of the project but were not in use due to ongoing discussions about who should be responsible for paying for the maintenance and the electricity tariff. In Mpale, the minigrid company provided a connection for street lighting, which members of the community interpreted as delivering the service of streetlights. However, the company said that installing lights and paying the tariff would be the village's responsibility, who couldn't pay. 
There was often confusion between communities and companies about what community benefits would be provided. In Mpale, they expected space to be levelled for a football pitch and the construction of a new classroom at the primary school. These issues not directly related to the provision of energy services affected how communities perceived the project and the companies involved. This can be seen as a distributional injustice, as it limited the benefits for the broader community and households who weren’t connected. It is also a procedural injustice, as there has been unclear communication between the companies and communities. 
Households with solar home system experience generally reported greater satisfaction with the minigrid. Households with experience of solar home systems reported issues with reliability on rainy days and decreasing reliability of the system over time due to the battery. 
People expected the minigrid would bring wider development to the area, but the local context often limited this. For example, the water project in Chang'Ombe was hoped to provide water for irrigating agriculture, but this was not possible due to water availability. Productive uses that can bring income into communities are limited by system capacity, cost competitiveness due to high tariffs, and poor transport links. Solar minigrids are often implemented by private companies who are not able to deliver this wider benefit. In Mpale and Bwisya, companies provided loans for appliances for businesses, but the businesses struggled to earn enough income to pay these back and had issues with maintenance and repair. In contrast to other projects, the Matembwe hydro-minigrid was implemented as part of a larger development project – including developing industry in the community. 
A lack of support for business development means that the benefits of minigrids for improving livelihoods are limited. There are also distributional justice issues, as wealthier people in communities can purchase appliances upfront and earn additional income. This can lead to increased inequality in communities. 
[bookmark: _Toc128145085][bookmark: _Toc147091192]5.3. How was this mediated through the relationships between companies and communities?
These perceptions and expectations are mediated through the relationship between companies and communities. There was a village electricity committee in several villages (Mpale, Bwisya), so there was a formal link between the community governance structure and the minigrid company. Chairs of both electricity committees viewed their role as two-way – sharing concerns of the community as well as communicating on behalf of the company, such as encouraging people to connect. Other people felt that the communication was just from the company to the customers and didn't feel listened to. A lack of dialogue meant they viewed more of the project as a failure. In contrast, in Mpale I observed how discussions between the company and community led to them better understanding each other. For example, although people still were not satisfied with the high tariff costs, they understood this was due to a lack of subsidies from the government. 
The minigrids implemented by PowerGen (Chang'Ombe and Leshata) have centralised customer and technical services. Local agents (wakala) are able to complete topping-up transactions, and local technicians (mafundi) maintain the system and provide basic services. However, for many of their needs, such as faulty equipment, new connections and issues with mobile payments, customers have to contact a central helpline and wait for support. This means that there is a lack of recognition of people’s needs . In Mpale and Bwisya there are company representatives based in the village, as well as local technicians who are able to connect new customers. This meant the community felt their issues were solved quicker, and they could raise issues more easily with the company. This also helped them to understand their tariffs and why the prices were higher than TANESCO. 
[bookmark: _Toc128145086][bookmark: _Toc147091193]5.4. Comparison to models
The four frameworks discussed in the introduction (Akinyele et al., 2018; Ilskog, 2008; Katre et al., 2018; Rahmann et al., 2016) cover many social aspects communities value, such as streetlights, community development and household well-being. Areas identified in these case studies that are not included across the frameworks include inequality, affordability, and gendered issues (such as women's involvement in meetings and projects improving women's livelihoods). Ilskog and Kjellstrom(2008) include an indicator based on the distribution of customers in higher-income groups. None of the other frameworks considers this, so they lack a measure for distributional justice (LaBelle, 2017; McCauley et al., 2019). Rahmann et al (2016) suggest that community perceptions on affordability, development, health improvements and overall satisfaction could be measured as a percentage, without providing a methodology. This highlights an issue with indicator frameworks seeking quantitative values for complex qualitative issues.
The technical indicators focus on project design and management. Only Rahmann (Rahmann et al., 2016) includes an indicator of community perception of reliability, whilst the other frameworks only use technical measurements. A common issue across the solar minigrid projects was the capacity of the project not being high enough to cope with milling machines and other appliances, which is not explicitly mentioned in any of the frameworks. Akinyele et al (2018) include appropriate design, which could take this into consideration. Katre and Tozzi's framework (2018) considers the capacity factor, another factor of appropriate designs. Low capacity factors on projects indicate oversizing, which can increase costs and often also tariffs.  
In all the frameworks, economic indicators focus on the company perspective. As I have focused on community experience, I have limited data on profitability, company costs and project economic sustainability. These case studies show the importance of considering community experiences of economic issues such as cost, tariff structures and income inequality.
Environmental indicators all include greenhouse gas emissions, which were not a concern of the communities. Following training on energy as part of this project, including the benefits of renewable energy, people expressed pride in their clean energy source. Ilskog and Kjellström's framework (2008) is the only one considering displaced pollution from cooking and lighting, a significant concern in communities. This is an example of a recognitional injustice (Boamah & Rothfuß, 2020) as community concerns are not recognised as indicators. 
Neither political nor institutional aspects of success are included in Rahmann et al (2016). Akinyele et al (2018) and Islkog & Kjellström (2008) focus on company and national policy. Whilst these are important for project success, so too are community perspectives. Katre and Tozzi (Katre et al., 2018) include indicators of community involvement and user satisfaction, which this study demonstrates are concerns of communities. Rahmann et al (2016)include attendance at meetings, community engagement in operation and maintenance and community satisfaction as social indicators, demonstrating the interlinked nature of different indicators. 
Whilst indicators can help evaluate and compare projects, it is important not to be limited to them, particularly when considering energy justice (Frigo, 2017; Smith & High, 2017). I have found that justice issues are not sufficiently included in these frameworks. For example, indicators that consider how projects may increase inequality and the distribution of benefits and costs. An example of a recognitional justice issue is adequately including how impacts can be gendered. Ilskog and Kjelstrom (2008) have an indicator about the percentage of women in staff or management, but issues raised in the case studies include women not being included in meetings and their needs for cooking and water not being considered by projects. Procedural injustices include a focus on company perspectives, particularly for economic and technical indicators. 
[bookmark: _Toc128145087][bookmark: _Toc147091194]5.4. Other approaches to evaluation
The social energy systems approach (Cloke et al., 2017) provides another way to think about success. They use categories of project community, energy systems and the political. This places a greater importance on community perspectives than the STEEP models used in this chapter. 
There is value in community-based evaluations with a focus on human well-being (Brand-Correa et al., 2018; Brand-Correa & Steinberger, 2017; Samarakoon, 2019). Taking these approaches during planning can lead to local communities being able to shape energy services to meet their fundamental needs (Samarakoon, 2019), rather than top-down techno-economic approaches. Hirmer and Cruikshank (2014) use a values-based framework to analyse projects. Functional value, such as cost and convenience, is included in most of the frameworks used in this chapter. However, there are a much more comprehensive range of values. For example, people had epistemic values – they wanted access to information about the project and the internet, radio and TV. They saw the value of electricity for safety through outdoor lighting, as well as opportunities for socialising and fun. This demonstrates the potential breadth of ways electricity can be valued – but also ways that people can be left out if they do not have access. 
[bookmark: _Toc128145088][bookmark: _Toc147091195]5.6. Participatory approaches
This section has also demonstrated the value of participatory approaches. Building trust with the community allowed them to discuss their concerns more freely. Research gaps have been identified around community participation in both rural electrification planning and research (Herington et al., 2017b). 
Activities that developed people's awareness of energy allowed them to express more nuanced perspectives, such as being proud of a renewable energy source but frustrated that it did not impact cooking with firewood, which causes indoor air pollution. The benefit of participatory approaches was seen in a meeting I facilitated with participants and EnSol, the minigrid company. I had previously attended one of EnSol's customer meetings which was largely one-sided, with the company speaking about their plans for the project. Men predominantly attended the meeting, and the women present did not raise questions. However, in the meeting facilitated as part of this project, people were empowered to ask questions, particularly women and people who did not have an electricity connection (who are not invited to the customer meetings). Creating this space also allowed me to observe the relationship between the community and EnSol. The meeting in Dar es Salaam, which was cancelled due to the COVID-19 pandemic, would have provided a larger platform for the community to present their viewpoints to a wider range of stakeholders. 
[bookmark: _Toc147091196]5.7. Proposed advances to frameworks
Incorporate community perspectives across. 
Scope for openness/feedback from communities – raising issues not covered in existing frameworks. 
Incorporate values
Qunatitative – can compare projects, but can take meaning away from evaluations. 
include inequality, affordability, and gendered issues (participation in meetings, 
A common issue across the solar minigrid projects was the capacity of the project not being high enough to cope with milling machines and other appliances, which is not explicitly mentioned in any of the frameworks.
Local pollution – do projects address cooking, firewood?
6. [bookmark: _Toc128145089][bookmark: _Toc147091197]Conclusion
This chapter sheds light on the differences between community and practitioner perceptions of success of minigrid projects. I have shown how companies focus on techno-economic factors whilst communities have broader perceptions of success. Developers’ reference point for evaluating projects focuses on the technical and economic potential. However, households develop their positionality on success draws on a breadth of day-to-day interactions, personal expectations and aspirations and through relationships with providers. 
Affordability was a dominant factor for communities, which knock-on the effects of accessibility of projects and the wider development impacts, such as income-generating activities. I have found that discordance between community expectations and reality causes them to see projects negatively. As well as affordability, customers raised concerns about promises of development (such as minigrid companies building schools or streetlights). Another source of disappointment was people’s previous experience with the national grid, where households receive subsidised tariffs for their first 75 units of electricity each month. 
These findings can help practitioners and policymakers implement more successful projects in future. I have shown that relationships and communication between companies and communities are important for success. This has already been done through dissemination activities described in Chapter 3, including the production of a report for practitioners and policymakers. At present there are no regulations around customer service nor how, what and when companies should communicate. This could be improved by sharing best practice from communities, such as having open meetings and community electricity committees, and by companies listening to the experiences of communities. 
This chapter demonstrates the importance of considering both individual and broader community perceptions. At a community level, people expected that the projects would deliver streetlights and improved health and education services. There were community-level concerns about participation in processes. This chapter highlights the importance of community engagement and collaboration with other actors throughout the project cycle, particularly around areas of injustice. 
As this work focuses on villages that have received electrification projects, an area for further work would be communities without access. Wealthier villages are more likely to be selected for private sector development, meaning poorer communities are further marginalised. 
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[bookmark: _Toc147091199]Chapter 5 - Equity concerns in privately owned minigrids
1. [bookmark: _Toc147091200]Introduction
In this chapter, I present my published paper ‘Injustices in rural electrification: Exploring equity concerns in privately owned minigrids in Tanzania’ (Mottram, 2022), published in Energy Research and Social Science.  I draw on the themes in this paper and how they align with the other chapters of this thesis.
The paper discusses how market-led approaches to delivering energy access lead to injustices. Private companies implement tariffs which may be technically or economically efficient, but that lead to poorer households paying a higher price of electricity per unit. These houses are also often excluded from planning processes. There are barriers to connections however subsidies provided to reduce these tend to most benefit wealthier households. This demonstrates a conflict between a social right to electricity and it being delivered as a commercial good. 
In the appendix I have included additional graphs which formed the analysis in the paper but were not included due to the journal word limit. 
5.1. Table of tariffs. This table presents different tariffs used by minigrids in Tanzania. It demonstrates the range of tariffs and costs, including pay-per-unit, pay-per-month and time-of-use. 
5.2. Definitions of monthly usage. I used data from surveys on household energy usage (see appendix 3.1) to produce typical monthly usage profiles for a low (lights and phone charging) and medium (lights, phone charging, TV, radio and speakers) usage household.
5.3. This table shows reported spending on energy that has been displaced by electricity (kerosene, batteries, battery charging and mobile phone charging). 
5.4. This table uses the monthly usage from appendix 5.2 to calculate annual and monthly electricity costs, and average cost per unit. These have been compared to the poverty line income level to estimate a percentage of household income spend on electricity. The final column uses the World Bank standard of 365 units per year and finds that this would cost more than the income of a house on the poverty line.
5.5. This graph demonstrates the difference in month costs for households on different tariffs. 
5.6. This graph shows that for households connected to minigrids, low-income households often pay more per unit that households with higher energy usage. This is the opposite to TANESCO where low usage is subsidised. 
2. [bookmark: _Toc147091201]Community experiences
In Chapter 4 on community experiences, I discussed peoples’ perceptions on affordability. My paper provides quantitative analysis of this, demonstrating how lower income households often pay more per unit than wealthier households. This is shown in the graph in appendix 5.6.  
3. [bookmark: _Toc147091202]Modelling
Chapter 5 demonstrates how there is a conflict between technically and economically efficient tariffs, which may be suggested to be preferable by models. Time of use tariffs provide opportunities for those who can be flexible with their usage but can lead to higher costs for households just using electricity for lighting and phone charging. In the modelling chapter I discuss how pay-monthly tariffs can lead to customers using electricity inefficiently, such as by leaving lights on overnight as they have not used all their units.  
4. [bookmark: _Toc147091203]Additional discussion on Energy Safety Nets
In the literature review of this paper, I referenced Scott and Pickard (2018), however there has been a more recent publication on energy safety nets, which discusses how they are implemented in a wider range of contexts, including low-income countries (Sustainable Energy for All (SEforALL), 2020). 
Kenya and Ghana are provided as examples of countries which have ‘lifeline tariffs’, which are similar to the TANESCO tariff in Tanzania. These tariffs use increasing block tariffs, so there is no targeting towards low income households. In Kenya the lifeline tariff is available for the first 100 kWh of electricity per month (compared to 75 kWh in Tanzania). Ninety percent of households use less than this, and so benefit from the subsidy. This means that there is significant benefit for non-poor households (defined as the upper three income quintiles). 
In Mexico there is also a lifeline tariff, but the minimum cost depends on the local geography and the season, due to varying energy needs.  In Brazil the lowest tariff is only available to households on the national social assistance register, with a high subsidy available for indigenous groups and people living in areas of extreme poverty. This demonstrates how there can be more targeted approaches to providing tariff subsidies. In Tanzania, I found that minigrid companies would target both villages with greater economic potential, and wealthier households within those communities. 
In most cases, the lifeline tariff is funded through cross-subsidisation with other customers. This is the case in Tanzania, where it has caused a disincentive for TANESCO to extend to poorer areas, as they would lose money without industrial customers to cross-subsidise. In Mexico this subsidy is provided to the utility from public finance (Sanchez, 2020). 
Energy safety nets, such as lifeline tariffs, are predominantly provided for grid electricity. In Brazil there has been some support through minigrids, and in Kenya there is a project to provide household solar in under-served counties. In Kenya there are plans to install over 150 minigrids which would use the national tariff, include the lifeline tariff.
Data from Kenya aligns my finding around connections not always leading to energy access. Research from 2018 (SEforAll, 2020) found that over 900,000 connections were inactive. Another challenge is that household wiring is not always included with connections. I found that minigrid companies supported customers with this, providing financing for wiring or basic packages. 
In Tanzania, self-disconnections due to affordability. Connections are subsidised, but there is not support for ongoing consumption. There is a need for greater understanding around households’ demand and household ability to pay, which is discussed in Chapter 6, where I highlight the differences between aspirations and actual usage. I have identified that communities are not provided with adequate information on costs at the start of projects, but that they are also keen to say they can afford tariffs to ensure their village is selected for development. 
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A R T I C L E I N F O  	A B S T R A C T  
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Tariffs 
	Access to electricity is vital for many basic needs, but it is often unaffordable. Since 2008, there has been an increase in private companies providing electricity access in rural areas through solar minigrids in Tanzania. This paper focuses on the different tariffs used in projects in Tanzania and how they distribute costs. Data were collected over eight months of fieldwork in 2019/2020 from six rural communities through interviews, focus groups, surveys, and directly from minigrid companies. I have found that by private companies treating electricity as an economic good communities’ experience energy injustices. Under many tariffs poorer households pay more per unit than those with higher incomes. Poorer households are less likely to be able to connect and under some tariffs self-disconnect from their electricity service. Barriers such as lack of participation in project development, high tariffs, and high connection fees limit the benefits of rural electrification.   



1. [bookmark: _Toc147091204]Introduction 
Access to electricity is viewed by many as a basic need [1–3] – as demonstrated by it being enshrined in Sustainable Development Goal 7 (target 7.1) [4]. It can be viewed as a derived human right [5], as it is often necessary for access to good health and education. In many rural communities, the provision of electricity is driven by market forces, where it is framed as an economic good [6]. 
For those living in unelectrified rural areas, economic modelling suggests that minigrids or solar home systems will generally be the most cost-effective solution due to the high costs of transmission infrastructure [7]. Minigrids are often implemented outside of national infrastructure by the private sector, with multiple policy regimes. Previous work has highlighted the energy injustices and social costs of solar home systems and lanterns [9,10]. To meet national and international electrification targets, it is highly likely that private sector investment will be necessary, particularly for decentralised projects [10]. Understanding the distributional impacts of these approaches can lead to more equitable project implementation. 
Policy reforms in Tanzania in 2008/9 introduced legislation that enabled private companies to implement rural electricity projects, which is why Tanzania is a good location for research into rural solar minigrids. As part of these reforms, companies can set cost-reflective tariffs, which for solar minigrids are 10–50 times higher than the national grid tariffs. The private sector has shown it can increase electricity connections [11]. However, this paper looks at who is excluded and the cost of private sector approaches for households. Approaches for delivering energy access that focus on the financial costs to governments and companies are evaluated using an energy justice lens, by also considering the social costs – such as increased inequality, exclusion of lower- income households, and distribution of costs through tariffs. 
This paper highlights injustices in solar minigrid projects by drawing together approaches from different disciplines – particularly human- centred participatory approaches and economic analysis. Using ideas from both energy justice and energy ethics, it provides new insights on privately-owned solar minigrids in countries with limited rural electrification [12]. I used a multi-methods approach to collect qualitative data, through interviews, observations and focus groups, and quantitative data, including customer payment data, tariff levels and household energy use surveys. This data from fieldwork in communities with solar minigrids is used to reveal the social and economic costs of these tariffs on households. Frameworks of electricity as a social right or an economic good [13] are used to frame these costs and critique the marketisation of electrification. 
2. [bookmark: _Toc147091205]Literature review 
Many authors have found that the presence of social sciences in renewable electricity research is marginal, as research funding is focused on techno-economic approaches [14–16]. A significant gap has been identified around interdisciplinary evaluations of rural electrification projects, and the use of participatory and ethnographic approaches [17–20]. Yaqoot [20] has noted the importance of social barriers to implementation, particularly when considering how users value electrification [21,22]. Rahman [21] and Kumar [22] found that many rural electrification projects fail due to a lack of attention to issues other than techno-economics, further demonstrating the importance of interdisciplinary research. 
Previous research has identified trade-offs between flexibility and affordability for households, and the economic performance of companies, and hence the economic sustainability of projects [23]. Ulsrud et al. [24] consider tariffs in Senegal but focus on the perspectives of government and the private sector, rather than communities. This focus leads them to consider households' self-disconnecting allows flexibility, rather than considering the impact this has on their lives. This paper builds on this work by also considering different tariff structures and using a justice lens. 
Research on minigrids has largely been focused on donor-driven projects [25], leading to research gaps surrounding the implementation of privately-owned projects and how communities are impacted. Private-sector approaches to delivering energy access increasingly dominate the landscape of electrification in low and middle-income settings [26]. Research on minigrid tariffs in developing countries is largely grey literature, such as reports from Non-Governmental Organisations and industry [4–6]. Although these sources can provide novel insights into energy access, specific aims may bias them, or a need to deliver outcomes to donors. 
The increasing role of the private sector in delivering electricity access, combined with acknowledging electricity's status as a basic need, requires an interrogation of the tension between it being treated as a social right and an economic good. 
[bookmark: _Toc147091206]2.1. Electricity as a social right or an economic good 
This paper draws upon two ways of framing access to electricity – as a social right or as an economic good. To consider electricity an economic good means it should be delivered by a market, using principles of economic efficiency [30,31]. Solar minigrid companies' main aim is to earn profits and efficiently run projects. However, to view electricity as a social right means prioritising access for people's basic needs, such as lighting and communication, and ensuring that these are accessible to the poorest in society. All framings are social constructs situated within contexts, which for literature on energy justice is largely from Europe and the USA [32–34]. However, using frameworks can facilitate comparative analysis and mean that research is more useable, such as by policymakers [35]. 
The two framings are not mutually exclusive – services are often provided using a combination of both. For example, Makwara [13] argue that water should be provided considering it is both an economic and social good. Water is a vital basic service and treating it as an economic good would exclude people from access. They argue that treating water purely as a social good does not encourage its efficient use and can lead to wastage. There are trade-offs between these two arguments, so it is necessary to make compromises. 
In Europe and the USA, the dominant paradigm is the privatisation of infrastructure, as shown by deregulation and privatisation of basic services such as water, energy, and public transport in the UK. This is critiqued by Bayliss et al. [36], who consider the distributional effects of this shift. They show that investors have profited through privatisation, but often not in the public interest. Lower-income households face challenges affording and accessing these basic services – such as households self-disconnecting from heating during cold winters. Poorer households self-disconnecting due to costs has also been identified in India [37]. Although there are regulations to protect vulnerable people, they do not consider this has provided adequate social protection. Systemic factors are embedded in market structures, so market-based approaches do not address these structural roots of poverty [6]. 
[bookmark: _Toc147091207]2.1.1. Energy as an economic good 
The framework of basic services being provided as economic goods is an example of the marketisation of development. Prahalad [38] discussed the ‘fortune at the bottom of the pyramid’, arguing that businesses have great potential to profit from the poorest in the world, and that the poor are poor because they only have informal markets. However, in critique of this, Karnani [39] highlights how this approach to development provides services to those most able to pay, rather than those most in need. The focus on the private sector detracts from the failure of governments in providing basic services to citizens. Schwittay [6] argues that the marketisation approach is limited because private companies cannot tackle the systemic causes of poverty. Other issues include increased debt burdens on vulnerable people, increasing inequality in wealth distribution, encouraging unsustainable consumption and subsidising large companies, rather than local businesses. 
Burgess [30] argues that electricity, particularly off-grid, should be priced as an economic good. They suggest that treating electricity as a right undermines universal access to electricity, as it encourages electricity theft and non-payment, meaning service providers are unable to cover costs. However, they start from the assumption that electricity provision should be a profitable activity, while it could be provided as a public service. Burger [31] considers that for a tariff to be distributionally equitable or fair, it should meet locally defined standards of justice – such as how costs are distributed between vulnerable and non-vulnerable customers. 
An economic good perspective to solar minigrid development has led to a focus on minigrids for income-generating activities, or productive uses of electricity, to encourage financial sustainability [19]. However, these approaches often fail to acknowledge the broader limitations faced by communities, such as a lack of access to markets, availability of financing, quality of transport, such as roads, and skills development [40]. 
[bookmark: _Toc147091208]2.1.2. Energy as a social right 
An alternative perspective is to view electricity as a social right. In this framework, the individual needs of people take priority – particularly those who are more vulnerable. 
The social benefits of access to electricity have been highlighted by many scholars [41]. Benefits include improved health due to reduced air pollution from kerosene, improved household safety, better living standards, food storage, education, communication, as well as improved local services in healthcare, businesses, and education. Current discourse suggests that providing electricity to a community automatically leads to development, but in practice it is much more complex. The benefits are mediated through the local context, particularly gender and socioeconomics [42]. 
Although no declaration or resolution explicitly claims that access to electricity is a universal human right, it can be considered a contractual right (community acknowledged rights), a derived right (necessary to protecting other rights – such as education and health) or as a human right in itself [5]. Lofquist ¨ [5] that electricity should be understood as a derived right – it is necessary for protecting basic rights to life, adequate housing, healthcare, and education. 
Electrification can further exacerbate existing inequalities in communities, as those better off are more likely to afford to purchase the equipment to improve their livelihoods and pay for electricity. For example, in Bangladesh, it was found that wealthier farmers could purchase irrigation equipment to increase their crop yields [43]. In an ethnographic study of electrified communities in South Africa, Matinga [40] found that implied benefits of electrification did not materialise due to a lack of supporting services, unclear information, and existing inequalities and power dynamics. The research supported previous findings that middle income and affluent households, who had resources to exploit the benefits of electrification, were the ones who greatly benefited [44]. This is further supported by research by the World Bank [45] found that benefits mostly accrue to non-poor households, and that productive uses of electricity were rare. 
There are many examples where access to electricity is treated, at least in part, as a social good. For example, several distribution companies in India have dedicated tariffs for households below the poverty line [50]. Komives [47] identified 13 categories of electricity tariffs and 45 different subsidies provided by utilities that supported vulnerable customers (‘energy safety nets’). Scott and Pickard [28] found that ‘energy safety nets’ exclude many poor households, and such subsidies often fail to reach those who need assistance most. The report focused on energy safety nets in middle-income countries, identifying a knowledge gap around how they are used in low-income countries. 
[bookmark: _Toc147091209]2.2. Energy justice and energy ethics 
This work links to energy justice by drawing on three tenets of distributional, recognition, and procedural justice [34]. Distributional justice asks where injustices emerge (and how they can be solved), recognition justice asks who is impacted by injustices that exist across the energy supply chain, and procedural justice seeks to examine whether processes of decision-making, planning and participation are fair and inclusive. Compared to large-scale projects, such as coal power stations and hydroelectric dams, solar minigrids have less prohibitive justice issues, e.g., those conceptualised as ‘unduly interfering’ – such as land grabbing and environmental damage. However, there are significant affirmative justice issues that relate to people's derivative right to an energy service [48]. This includes putting importance on how people define their own energy needs – particularly energy sufficiency and mobility [49]. This paper draws on an energy ethics approach – looking at individuals' perceptions of justice, which allows for local ethical nuances which may be obscured by universalist approaches [55]. 
When looking at solar home systems and solar lanterns in Malawi, Samarakoon [8] found that a market-based approach reproduced existing inequalities. As well as distributional injustices, procedural injustices were identified, as households did not have adequate knowledge or support. Kumar [50] identified how socio-cultural processes mediate the development outcomes of energy access in India, particularly concerning education, livelihood, and health benefits. In both papers, privileged households were more able to benefit from projects delivering solar lanterns and solar home systems. 
Lacey-Barnacle's 2020 [35] review of energy justice research found the use of mixed methods lacking. This work highlighted a focus on large-scale hydroelectricity projects and limited research in low-income countries. While energy justice research examining solar PV systems in Africa is emerging [8,51], there is a research gap, especially relating to the use of mixed methods and interdisciplinary concepts in energy justice research in countries with low rates of electrification [52]. Existing research focuses on solar home systems [4,7,8] or all distributed solar [51], whereas this paper looks specifically at solar minigrids. 
3. [bookmark: _Toc147091210]Energy context in Tanzania 
In Tanzania, 37.7 % of the population (21.8 million people) have access to electricity nationally. However, this is only around 19 % in rural areas (7.2 million people) [46]. Most connections recently have been through grid connections, but as of 2016, there were 109 registered minigrids [55]. The number of minigrids in Tanzania doubled between 2008, when the government introduced policy reforms, and 2016. Most new grids used renewable generation sources. The Rural Electrification Agency (REA) has not historically monitored small-scale electrification projects, so there is uncertainty around the number of minigrids. 
The Tanzanian electricity provider, TANESCO, is responsible for the production, transmission, distribution, and sale of electricity. This is predominantly delivered through the national grid, but on some islands and in remote areas TANESCO has installed minigrids powered by hydro, diesel and solar. 
TANESCO uses an increasing block tariff structure, or lifeline tariff [56]. The low rate (100Ts) is available to all TANESCO's domestic customers and applies to the first 75 units of electricity per month. For demand over 75 units, households pay 350 TSh. TANESCO uses cross- subsidisation from larger users to enable poorer households (with lower consumption) to pay a lower per-unit rate. However, this tariff does not apply to people on minigrids – whose tariffs are regulated by the Energy and Water Utilities Regulatory Authority (EWURA). 
The Tanzanian Government introduced a new regulatory framework for small power producers in 2008 [55]. Projects below 100 kW are classified as Very Small Power Producers. Developers propose their tariff structure to EWURA, who approve them based on cost-recovery calculations. EWURA has reviewed the tariffs of several projects, but as of 2019 had not imposed an adjustment of the tariffs [60]. The private sector often implements solar minigrids – most are owned by international companies, but Tanzanian companies own a small number, with funding from non-governmental institutions, international institutions and the Tanzanian government. 
Government funding is available to support rural customers with the cost of connecting to the national grid and to minigrid projects. The Rural Electrification Agency (REA) delivers results-based financing (RBF) [57], where developers receive funding for each household connection, up to an agreed quantity. This means rural households do not have to pay the true cost of their connection (including external wires, poles and meters). This does not cover their in-home wiring. However, many minigrid developers provide financing for this and their own technicians. In contrast, most households connected to TANESCO must arrange home wiring with a local technician and pay the costs upfront. 3.1. Tariff types 
Tariffs can be divided into three broad categories, as shown in Table 6. These tariffs cost between 1000 and 6000 TSh per unit of electricity, which is significantly higher than the 100 TSh per unit charged by TANESCO. For all tariffs except flat rate, the average cost per unit that customers pay depends on the time-of-use and amount of electricity used. The annual cost has been calculated for low usage – 525 Wh of lighting per week (3 lights for 5 h per night) and 45 Wh of phone charging per week. 
It is important to consider these tariffs in the context of household incomes. The national basic needs poverty line for 2018 was $256 UDS per adult per year (49,320 TSh per month), and the food poverty line was USD 175 per adult per year (33,748 TSh per month) [58]. In rural areas, 33 % of people live below the basic needs poverty line, and 9.7 % live below the food poverty line. The annual income distribution by quintile from 2011 is $180 (lowest 20 %), $294, $411 (middle 20 %), $574 and $1186 (highest 20 %) [59]. Annual electricity costs for basic usage (lighting and phone charging) range from $15 to $75 per year, representing a significant proportion of poorer household incomes. 
As most income is from agriculture, it varies throughout the seasons and is not reliable day to day. In the case study village, daily income depended on factors such as the weather, the state of the roads, and whether buyers had come to the village. The amount of money available to spend on electricity also varies due to other costs, such as schooling, healthcare, and food. 
4. [bookmark: _Toc147091211]Methodology 
[bookmark: _Toc147091212]4.1. Study design and area 
This research has taken a multi-method case study approach, collecting qualitative and quantitative data on minigrid tariffs in Tanzania. This approach draws on the strengths of both approaches, which provide different perspectives on complex issues [60]. Being able to consider the 
[bookmark: _Toc130479852]Table 6 Tariff types in Tanzania
	 
Tariff types in Tanzania.  
	Tariff type 
	
	Tariff description 
	Example residential tariff (average cost per unit low usage/mid usage)a 
	Project type 
	Annual cost – low usage (USD)b 

	Pay per unit 
	Flat rate 
	Cost per unit (kWh) of electricity used 
	3500 TSh/kWh (3500 TSh/ 
3500 TSh) 
60 TSh/kWh (60 TSh/60 TSh) 
	Private solar minigrid 
Private hydro minigrid 
(4 MW) [55] 
	$44.61 
$0.76 

	
	Time-of-use tariff 
	Cost per unit (kWh) of electricity varies depending on time of day 
	3000 TSh/kWh 10 am–6 pm 6000 TSh/kWh 6 pm–10 am 
(5880 TSh/5760 TSh) 
	Private solar minigrid (16 kW) 
	$74.96 

	
	Block 	Increasing 
tariff 
	Cost is set per unit (kWh) is constant for a certain quantity of units used. Cost per unit (kWh) increases or decreases as consumption increases 
	100 TSh/kWh – first 75 kWh per month 
350 TSh/kWh – usage over 75 kWh per month (100 TSh/100 TSh) 
	National Grid tariff – TANESCO Residential 
tariff 
	$1.27 

	
	Decreasing 
	
	4000 TSh/kWh – first 3 kWh per month 
2500 TSh/kWh – usage over 3 kWh per month (4000 TSh/ 2800 TSh) 
	Private solar minigrid (6–16 kW) 
	$50.98 

	Pay per month 
	Units per day 
	Cost per month to receive a fixed number of units (kWh) per day 
	11,000 TSh per month for 275 
Wh per day (4500 TSh/1320 
TSh) 
	Private solar minigrid (48 kW) 
	$57.39 

	
	Limited power capacity 
	Cost per month with no set limit on energy usage, but a constrained power limit (W) 
	3000 TSh per month for 100 W limited load (1230 TSh/200 
TSh) 
	Community-owned solar minigrid (15 kW) [55] 
	$15.65 

	Subscription 
	Cost per month plus rate per unit (kWh) used 
	Used for business customers 
	TANESCO and private minigrids   
	


a Typical load profiles from household surveys – low usage (2.44 Wh per month; lights and phone charging) mid usage (15.2 Wh per month; lights, security lights, 


phone charging, TV, radio, and speakers). b Using rate of $1 USD = 2300 TSh. 
multiplicity of contributions to development outcomes using multiple methods allows an appreciation of not just what is happening, but how and why it affects people [61]. The case study approach used is intended to demonstrate the challenges facing communities, and does not have a purpose of demonstrating statistical validity. 
Six communities with solar minigrids across Tanzania were visited during field visits in 2019 and 2020. Projects were selected to cover a range of regions and management companies. In these communities, 36 interviews were conducted with key informants, such as project managers, technicians, village leaders, and electricity agents. Observations were made in each village, and 16 focus groups were held, with 6–20 participants. In the main case study village (730 households), there was greater community participation in the research, including 103 household semi-structured interviews, which included survey questions on energy use and income. I worked with village leaders and local guides to select participants representative of the community. 
For all projects, data were collected on the tariffs charged by the company. In the case study village, we completed surveys on appliance usage and household income, and were provided with customer payment data from the company. 
The communities visited as part of this project were in remote, rural areas. All minigrids visited were solar powered, with battery storage. Some also had a diesel backup system. Project capacity was between 6 and 100 kW, so all projects are Very Small Power Producers, and can set their tariffs. Villages visited were in the regions of Tanga, Mwanza, Pwani, Morogoro, and Dodoma. Tariffs for minigrids are a highly sensitive political issue in Tanzania, so this paper does not name specific companies or locations. This is to protect the researcher's relationship with companies while the research is ongoing. Pseudonyms have been used alongside quotes to protect individuals' anonymity. 
Income in the villages visited is primarily from agriculture, which varies throughout the year depending on the season. People's total income depends on the size of harvests and the produce market. Income varies daily, depending on the availability of waged work and receiving income from crops. Road access to villages could be unreliable, particularly during the rainy season. 
[bookmark: _Toc147091213]4.2. Methods 
The collection of qualitative data was influenced by Participatory Research, which recognises the plurality of knowledge, specifically of those who have been systematically excluded [64]. For each situation, there are multiple interpretations possible, by both researchers and participants [68]. Participatory research has the potential to look at topics that may have been systematically missed through other research approaches, thus producing distinctive knowledge. Taking a critical realist approach, using various methods, leads to broader interpretations, more rooted in community experiences than the positivist paradigm often used in techno-economic research, with a focus on quantitative data [66]. 
Research activities took place in participants' homes and central village locations, such as school buildings. I was accompanied by a Tanzanian research assistant, who conducted activities in Swahili. Notes were made during activities, as well as recordings which were transcribed. I participated in Swahili and through translation by the research assistant. 
During the fieldwork, themes were identified and investigated through an iterative approach. This included reporting back initial findings and seeking feedback from participants. The qualitative data were then imported into NVivo, and a grounded theory approach [62–64] was used to further analyse the key themes. These data were viewed through lenses of electricity as a social right and as an economic good [13] with influences from the literature on energy justice, particularly energy ethics [12]. 
Survey data were used to create typical load profiles for low-usage and middle-usage households. Households were grouped using criteria of what appliances they used and total demand. These characteristics were then used to create a type-profile featuring appliances used and time of use. These load profiles were used to calculate household electricity costs across different tariff types. Data on household incomes, collected in the study and from desk research, allowed us to compare the costs of tariffs to incomes. In the case study village, customer payment data were analysed to understand the proportion of households who did not pay their electricity bill each month, or who underpaid. This provided quantitative insights into the impacts described by research participants.
[bookmark: _Toc147091214] 4.3. Limits to methodology 
The main limitation of this study is the quantity of data collected from non-case study villages, particularly a lack of information from companies. I have used insights from interviews with people involved with the project, and applied experiences recorded in the case study to other contexts, such as variation in income from agriculture. There are always challenges in human-centred research around the reliability of data collection, particularly due to researcher bias and how participants perceive the research project. For example, as I arrived in several villages with staff from the company, there were assumptions that I was employed by them. It was important to listen to participants to be aware of these assumptions and to be clear that independent research would only be reported anonymously back to the company. Challenges with language and translation were mitigated by having a good working relationship with my research assistant and triangulating ideas through multiple methods. 
5. [bookmark: _Toc147091215]Results 
Approaches to solar minigrid tariffs, and the costs that communities pay, will be analysed across four themes: project planning; getting connected; uses of electricity; and flexibility of usage. These themes are used to identify different forms of injustice that are realised in rural electrification projects. 
[bookmark: _Toc147091216]5.1. Project planning 
When planning projects, companies' priorities are to correctly size the project and ensure that customers can afford electricity. Companies identify villages that are likely to have a good level of demand, ability to pay (including potential for income-generating activities) and proximity of houses. This means that even in the early stages of project planning, poorer communities and more remote communities are excluded from electricity access. 
In several villages, communities reported being told during the consultation phase that the tariff would be affordable, but no specific detail on costs or the tariff model. They were keen to get access to electricity and accept projects, as they considered it development for their village, even though they didn't have complete information. There are questions about who is included in project planning, and when. Companies target participation to potential customers, such as businesses and wealthier households in the village. This means poorer households are excluded from the consultation process. 
Another challenge with private companies implementing standalone projects is a lack of holistic development [49]. As part of agreements with village leaders, companies often provide connections to healthcare and education facilities – which increases demand on the system. However, there is a disconnect between village development plans and how projects are implemented. For example, although electricity is necessary for many income-generating activities, businesses are limited by poor transport and communication infrastructure. 
This demonstrates how considering energy as an economic good, with processes led by private sector actors, leads to the exclusion of poorer households in consultations and project implementation. Companies only providing limited information on tariffs at early stages in the consultation period means they are not adequately discussed, and communities don't have full information about what they are signing up for. 
Once villages have been identified, companies complete surveys to understand demand and ability to pay. However, these are often flawed and overestimate both demand and ability to pay. The ability to pay is estimated by looking at households' current outgoings on energy, such as kerosene, and paying to charge phones. Poorer households, like Juma in the quote below, make sacrifices in other areas, such as education, clothing, and healthcare, to afford energy. Therefore, this figure is not a direct proxy for what they are willing or able to pay for electricity, as shown by the quote below. 
“When we don't have money, we have porridge instead of breakfast, we just boil bananas, it will be bland food. We were told about the health insurance, but we don't have it because we don't always have the money. We just take the children to school… they can have porridge, they don't always have a comfortable life, they know the income that we have, we are all used to it.” 
Juma - farmer with electricity connection 
Project planning is important both when considering electricity as an economic good and a social right. Across all tariff types, there are challenges in estimating demand. This often leads to oversized projects and higher costs. On pay-monthly tariffs, it can be easier to plan future demand, as each customer has either a fixed capacity or a fixed quantity of units per day. However, demand will still vary depending on the number of customers. Using time-of-use tariffs can reduce the need for storage on the system. 
There are issues of procedural injustice in solar minigrid planning, as poorer households can be excluded from planning processes, and companies provide limited information to communities. This demonstrates how the cost of increased private sector involvement is broader than just financial impacts, but households can be excluded in other ways. 
[bookmark: _Toc147091217]5.2. Getting connected 
Minigrid developers providing rural electrification in Tanzania receive financing from the government for each connection delivered [57]. This means they can provide subsidised connections to a set number of customers. The cost of connections can be prohibitive, so subsidies that reduce this are often needed [28]. 
A certain number of connections are funded per project, which means households who can connect early are more likely to get this benefit. Developers are encouraged to connect customers with higher electricity demand, as this will provide them with higher income. Wealthier households who can connect, or choose not to, are more likely to afford alternatives, such as solar home systems. Companies will identify larger and wealthier villages to implement projects, meaning poorer communities miss out as a whole [23]. 
Developers will plan the distribution network for the system based on concentrations of customers who can pay, so customers who live further from the village centre can be less likely to connect, particularly if they have lower incomes. Households who are fearful about costs or have expectations that the grid will arrive can lose out on the subsidised connections. Grass houses are deemed unsafe for mains electricity due to the fire risk. 
“I want electricity, but the poles aren't close to my house. What will I gain?” 
Ahmad - farmer without electricity connection 
Most companies provided financing for household wiring, so customers did not have to pay upfront. However, having to pay a monthly contribution towards their wiring costs on top of electricity costs meant they viewed electricity as much more expensive. 
This study found that households may be connected to the minigrid but self-disconnect at times of the year when they can't afford to pay. A common issue with the fixed monthly cost was that customers' income varies throughout the year due to harvesting seasons. This means around 50 % of customers, such as Musa in the quote below, went some months without electricity, as they couldn't afford the monthly fixed costs. On other types of tariffs, customers can reduce their usage without having to go completely without electricity (and use batteries, kerosene and pay to charge phones). A further issue with income is that customers' income varies daily, so they may not have the full amount to pay at once. 
“It can last a month. In a year can happen three times or more depending on the earning we get. We use kerosene lamp and we charge phones from our neighbours” 
Musa - farmer with electricity connection 
This demonstrates how there are distributive injustices regarding who gains connections within communities. A further issue is self- disconnection, which was particularly prevalent on pay-monthly tariffs, where customers would go several months without an electricity service due to lack of income. 
[bookmark: _Toc147091218]5.3. Uses of electricity 
In rural communities, electricity is used for lighting, phone charging, and entertainment appliances in households. Common businesses using electricity include hair salons (mainly for men), TV showrooms, shops with fridges, as well as businesses such as restaurants using lighting to increase operating hours. Energy is used in health centres, village offices and schools. Some communities have larger electricity users, such as small industry and telecommunications towers. 
Lighting was a key use of electricity in all households in this study – and it can't be switched to daylight hours. Many households did not benefit from the lower costs during the day because of a lack of income and capital to buy other appliances. Most households in this study were primarily farmers, such as Hadija in the quote below, who spend the daylight hours working their land. This means other activities, such as phone charging, occur at night. 
“I wish to see the same tariff for day and night because there is a lot of cost to use electricity at night, the night price is too high.” 
Hadija - farmer with electricity connection 
As well as lighting, people value using electricity for communication, entertainment, personal presentation, education, and healthcare. People reported that having access to radio and television enabled them to be more active citizens, as they could follow what was happening in their country and across the world. Members of the community pride themselves in having electricity – both because of the direct impacts (such as clothes being cleaner than when using kerosene lights), but because it is a symbol of development. Most households not connected to the grid reported benefits to their community, such as improved healthcare and education provision, community lighting, and an increase in businesses in the village, as shown by the quote from Zainab. However, others, such as Asha, did not see how they had benefited at all. 
“In the past, if I went to the hospital, I had to go with my lamp, but now there is light. There are salons - I don't have to have my kids’ using razors. I see so many changes. When I visit my friend's house, I see light, I feel happy.” 
Zainab - farmer without electricity connection 
“Electricity has not affected my life.” 
Asha - farmer without electricity connection 
Households that have been able to obtain a connection are still limited in how they can use electricity. A lack of access to financing and affordable appliances means they are often limited to using electricity just for lighting and mobile phone charging. When companies use pay- monthly and decreasing block tariffs, poorer households pay more per unit of electricity, as they do not own appliances to use all their electricity allowance or to reach higher levels of demand with lower unit costs (Table 6). 
Companies aim to stimulate income-generating activities, such as shops, manufacturing, and other services. The economic benefits of this are that these businesses are likely to have higher demand and ability to pay than households. They are likely to be able to vary their demand, using electricity during the day when it is cheaper to produce. This was observed in communities through companies providing financing for appliances and lower business tariff rates. In practice, many businesses still struggle, as access to electricity is not their only limitation. They are held back by a lack of accessible markets, skills, financing, and poor road networks. This can mean that these activities do not increase the income of the community, but change the distribution of wealth within them, increasing local inequality. This quote from Mariam demonstrates how households are limited not by their production of crops, but by having available markets. 
“Money stays within [the village] – there is barter trading within the village, but not much money coming from outside. We have a lot of crops, but nowhere to sell them” 
Mariam - farmer with electricity connection 
When electricity is considered an economic good, companies use tariffs to maximise their profits. Decreasing block tariffs incentivise higher electricity usage but increases costs per unit for lower usage (often poorer) households. Households with lower usage pay more per unit on pay-monthly and subscription tariffs. Time-of-use tariffs only benefit those who can vary their demand. Households who use electricity for lighting and phone charging pay a higher cost per unit. These are examples of distributional injustice, as the costs are a greater burden on lower-income households. Companies preferentially connect customers with higher demand, particularly where there are a fixed number of subsidised connections. This leads to recognitional injustice, where lower usage households are excluded from access. 
[bookmark: _Toc147091219]5.4. Flexibility of usage 
On solar minigrids, it is cheaper to provide electricity during daylight hours, as night-time usage increases the capacity of batteries needed, and they degrade over time. For tariffs to be more economically efficient, load shifting is incentivised through time of use tariffs, as discussed in Section 5.3. 
Income from farming varies throughout the year, depending on harvests and crop yields. It varies daily, depending on when buyers come to the village. This means households' ability to pay for electricity varies throughout the year. Tariffs with a fixed monthly cost pose a challenge, as, during these months especially, households must decide whether to spend money on electricity or other needs. In the case study village with this tariff, 50 % of households self-disconnected for at least one month a year. During this time, they use a combination of battery- powered lighting, kerosene, and paying to charge their phones. Using kerosene causes air pollution and is damaging to people's health, as well as being less bright and making clothes dirty. In villages with pay-as- you-go tariffs, people would reduce their usage, but would still be able to make small payments. 
On pay-as-you-go tariffs, customers can monitor their usage, receiving an alert when their credit is running out. This can be a challenge, as agents are not always available, particularly later in the evening – when electricity is most often used, or at weekends. 
Another issue is the minimum amount that customers can top up, which was set at 1000 TSh (0.43 USD) across most of the projects visited. As income varies daily, several participants, such as Gordon, suggested a lower minimum top-up would be more suitable for their incomes. This had a larger impact on customers with lower or less certain incomes, as they were more likely to run out of electricity and need to top up more regularly. If they were not able to top up, households would need to resort to previous sources of light, such as kerosene or solar appliances. These provide a lower quality of light, and kerosene can be unsafe. 
“Currently the system has changed, the minimum amount to pay is 1000 TSh. It is too big, people want to pay 200, 300, 500 TSh.” 
Gordon - teacher with electricity connection 
Representatives from companies explained that a lower minimum top-up would increase their overheads, as there is a cost per transaction. This would mean an increase in the cost of electricity. They suggested encouraging customers to top up larger amounts encourages them to use more electricity. 
People dislike that they must use their units over a fixed duration. This can be an issue, particularly if they leave the village for some time, such as to visit family or go to the hospital. Customers noticed they had units left in the meter at the end of the month, but they would lose them if not used. 
“The electricity bundle being like voucher is not good, even if you have not used it, units run out at the end of the month, it is not okay” 
Ally - businessman with electricity connection 
In all the projects visited, the communities were happy with the reliability of the service – it was generally available 24/7, with occasional short outages. This contrasts with local villages on the national grid, which report outages lasting days or weeks. 
As companies have fixed monthly costs, it is economically beneficial to have a regular reliable income, such as through pay-monthly or subscription tariffs. However, these present challenges for both households and businesses, as their income is variable, and they value being able to change their usage depending on income. 
6. [bookmark: _Toc147091220]Discussion 
The main argument in this paper is that current market-led approaches lead to injustices in access to electricity. Low-income households are often excluded from both planning processes and access to connections. Low-income households who can connect experience higher per-unit costs and barriers due to minimum top-up amounts. Going forward, energy access projects, particularly minigrids, need to consider how to improve justice and fairness. This includes meaningful participation at all stages of project and policy development, and consideration of the distributional impacts of projects and their tariffs. 
The current approach to subsidies in Tanzania encourages companies to target wealthier households for connections. It reduces a barrier to connections, but the cost-reflective tariffs and connection costs charged are too high for many households. This means wealthier households benefit more from funding from government and other sources, as found by Samarakoon [8] in the context of off-grid solar in Malawi. Another issue found in solar appliance markets by Samarakoon [8] and Cross [9] is the availability of poor-quality appliances, including counterfeits, and poor customer service for repairs and faults. Although minigrids present similar issues with distributional injustice [34] both among and between communities, customers were generally satisfied with the quality of the service they received. 
Private companies are driven by economic principles, so they often implement tariffs that mean poorer households pay a higher price per unit of electricity than wealthier ones – such as time-of-use tariffs, decreasing block tariffs and pay-monthly tariffs (Table 6). Although TANESCO, the national electricity provider, provides an increasing tariff (where lower usage is charged at a lower rate), there is no incentive for private companies to follow suit. This aligns with Pedersen [65], who found that although rural electrification companies claim to be driven by social values, commercial approaches dominate their actions. 
The benefits for poorer households could be improved by solar minigrids providing an increased variety of energy services. However, these households are less likely to be involved in the planning of projects, so can be excluded from decision-making – an example of procedural injustice [34]. Although companies implementing minigrids often provided local benefits, such as connections to schools and health centres, they were unable to act on other community needs, such as improved roads or access to water. A further challenge is the capacity of solar minigrids, particularly for providing alternatives to cooking with firewood. This lack of holistic development limits the wider benefits of electrification [66], particularly for those who are unable to connect. 
There are often conflicts between considering electricity as a social right [5] versus an economic good [31]. Electricity connection costs and tariffs play a big role in this. For example, time-of-use tariffs encourage efficient use of the system, but force people to pay higher costs for lighting their homes. Increasing the minimum payment amount reduces company overheads and may encourage usage, but means poorer households struggle to pay for, and therefore use electricity. This supports findings by Bayliss et al. [36] that privatisation increases inequality. Burger [31] suggests the optimal method to resolve this inequality is through means-tested rebates for vulnerable customers, as they are likely a small proportion of customers. Low incomes compared to electricity tariffs across the community mean most customers would require rebates, which would not be sustainable without government support. 
As these projects are delivered by the private sector, they need to cover their costs and strive to make a profit. Even with the subsidies provided, this is proving difficult, which leads to further questions about whether the private sector is best placed to provide electricity necessary for people's basic needs. Another approach could be to have increased regulation to protect lower-income customers. However, the reason for the current low regulation policy for Very Small Power Producers (below 100 kW) is to reduce the costs of regulatory burden on companies, which may increase costs for households [31]. 
Another important factor is communities' perspectives of fairness and justice [12,67]. Several respondents raised the philosophical idea of Ujamaa [68], in which Nyerere argued that the ideal society must have equality, freedom and unity. His socialist ideals were grounded in African principles of family-hood and communalism [69]. These principles are seen in the affordable lifeline tariff offered to households connected to the national grid, but caused frustration to communities with minigrids as they felt they were not being treated as equals to their fellow citizens. Other communities may value different principles, such as individual liberty, which demonstrates the importance of understanding local interpretations of fairness and justice. 
7. [bookmark: _Toc147091221]Conclusions 
This paper presents the impacts of a wide range of tariffs used in solar minigrid projects. It highlights key questions that should be asked about policy and practice around tariffs, including whether it is right for the private sector to play such a large role in delivering basic services. In Tanzania, the responsibility for delivering electricity infrastructure is being passed from the Government to the private sector, leading to poorer households being burdened with high costs, or being excluded from access to electricity. 
The private sector can access different streams of funding and implement projects faster than the state, as demonstrated by the increase in solar minigrid projects in Tanzania following policy reforms [55]. However, the connections they provide are generally to those most able to pay in rural areas, rather than more inclusive approaches that don't leave households and communities behind. When combined with a lack of holistic development [32], richer households benefit most from these projects, and poorer households miss out. 
One way to reduce the costs of solar minigrids is through targeted subsidies [37,45] – but how they are currently being provided to the grid maintains the exclusion of poorer households through cost-reflective tariffs. This reflects the conflict between energy being seen as a basic need, and the dominant role of the private sector in delivering electricity in rural areas. 
The arguments in this paper contribute to wider discussions about the role of the private sector in energy for development. The findings support the idea that marketised solutions reach those who are most able to pay, rather than those who are most in need [39]. This leads to the poorest in communities, and poorer communities overall, being left behind on progress towards the Sustainable Development Goals. 
This paper adds to the existing literature by bringing together approaches from different disciplines – particularly human-centred participatory approaches and economic analysis. Further research is needed into alternative models of service delivery, and policies that create a more just situation. 
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[bookmark: _Toc127206933][bookmark: _Toc147091223]Chapter 6 - Modelling of energy demand for rural electrification     
Insights from fieldwork on solar minigrids in Tanzania
1. [bookmark: _Toc147091224][bookmark: _Toc127206934]Context in the thesis
In Chapter 4 I identified how affordability was a significant issue for the communities I visited. This was analysed further in Chapter 5, where I discussed the justice implications of connection and tariff policies. In this chapter, I build on these findings and how they impact load profiles in the context of minigrid planning. 
[bookmark: _Toc147091225]Highlights
Energy demand was more dependent on daily income variation than seasonal income. 
Without targeted support, new connections vary with seasonal income.
[bookmark: _heading=h.30j0zll]Peak and total demand is overestimated unless considering underpayment and non-payment.
     Abstract
Modelling energy demand is a key issue in the design of minigrids. If demand projections are too high, projects are oversized, and it is more difficult to recover the investment costs. If demand projections are too low, projects are undersized and can have reliability issues, as well as limits on the number of customers or how they can use electricity. A common issue in rural minigrids is that they are oversized, leading to higher costs for customers.
There are large data deficiencies for electricity demand profiles for developing countries particularly in poorer rural areas. Research has highlighted the importance of considering local changes, including social aspects, as traditional approaches are not appropriate for rural minigrid planning due to uncertainty in load behaviour.  There is also a shortage of published data on demand in rural areas. 
This paper presents data from fieldwork in northeast Tanzania. Minigrid customers were surveyed to determine their perceived demand, which was used to model a community-level load profile. This was then compared with data from the system and analysed in context with insights from interviews, participatory research activities and ethnographic observations. 
This research found that many households often cannot afford electricity, leading to self-disconnection and reduced demand. Although members of the community reported seasonal variation in their income, which had the potential to impact demand, these seasonal trends were not observed in the system data. This suggests that day-to-day pressures on income cause people to self-disconnect.
This case study presents an example load profile which contains different features to those previously described in the literature. The load profile has an evening peak which reduces to an intermediate evening load, with lowest demand during day     light hours. Appliance use surveys were used to estimate this demand. I have found that they overestimated the evening peak demand and underestimated overnight usage. The peak demand was better modelled when reduced demand due to self-disconnection was considered. 
1.      Introduction
1.1. [bookmark: _Toc127206937][bookmark: _Toc147091228]Global status of rural electrification 
Of the 740 million people who don’t have access to electricity globally, around 80% live in rural areas (World Bank, 2022b). Although globally there has been good progress in improving electricity access, in sub-Saharan Africa the number of people without access increased by 4% between 2019 and 2021 (International Energy Agency, 2022). In Tanzania this is expected to be around 2 million additional people without electricity. This is likely to have been caused by both population increases and the impact of the COVID pandemic on household incomes.  It has been estimated that at the start of 2022 10 million people in sub-Saharan Africa that had recently gained access to electricity were no longer able to pay for it (International Energy Agency, 2022). 
1.2. [bookmark: _Toc127206938][bookmark: _Toc147091229]Why are minigrids important? 
There are a range of approaches taken to deliver electricity access – including grid extension, minigrids and solar home systems. Minigrids offer potential for community-level access in areas that are difficult to reach. The IEA has calculated that the least cost option to provide access for around 30% of households globally is through minigrids (International Energy Agency, 2022). These are mostly in communities with a population greater than 200 which are near a road, but more than 10km from a main grid.  Due to high levels of solar insolation, these minigrids are also an opportunity to increase renewable energy. As they have a larger capacity than solar home systems, they also offer opportunities for businesses and local institutions. 
1.3. [bookmark: _Toc127206939][bookmark: _Toc147091230]Importance of load profiles
A major issue in developing electrification projects is a lack of data about potential demand. As well as many of these communities not having used electricity previously, many minigrids and solar home systems are being delivered by private companies, so the data is not public. 
[bookmark: _Hlk128140532]Firstly, it is important to consider what is meant by a ‘load profile’. The terms load profile, demand, and load estimation are often used interchangeably. In this thesis, I will use ‘load profile’ to describe the power demand (kW) over time as measured at the system powerhouse. I use ‘load estimation profile’ to describe a modelled profile taken from customer surveys or observations. Whilst ‘demand’ is a technical term, it also has social implications. I consider that a ‘demand profile’ would reflect desired usage, which is often curtailed because of cost. 
Lorenzoni et al (2020) present load profiles from 61 minigrids for rural electrification. Their sources were often only a load profile from a single 24-hour period, whilst there is a need for analysis into seasonal variation and evolution over time (Theo et al., 2017). Lorenzoni et al (2020) found that load profiles were affected by various factors, such as tariff structure, size of project, customer type and location. This paper adds to the existing knowledge by presenting an example of a ‘fee-for-service’, or pay-monthly, project with mostly household customers. 
Over-sizing grids leads to economic unsustainability, while undersizing degrades the reliability of the system. Load profiles are commonly simplified, despite research showing that demand profiles have a significant effect on reliability and optimum system configurations – and hence also the costs of the system (Mandelli, Brivio, et al., 2016). Louie and Dauenhauer (Louie & Dauenhauer, 2016)reviewed systems in rural Malawi, finding load estimation errors of up to 90% from comparing system load profiles with estimated demand profiles. Blodgett et al (Blodgett et al., 2017)found that minigrids that used energy-use surveys overestimated demand by 300%. One challenge is that people may report aspirational demand, but in reality, cannot afford to buy or use appliances. Using data from comparable minigrid can reduce this error but is dependent on the availability of this data. 
This chapter will also consider issues of justice and fairness in energy modelling. Vågerö & Zeyringer (2023) found a limited scope of research in this area. Research tends to use narrow definitions of justice, with a focus on spatial distribution. Other approaches include modelling to generate alternatives, monetising non-economic costs and looking at direct job creation (Dufo-López et al., 2016). There is an assumption in modelling that social aspects are simple and external to techno-economics (Krumm et al., 2022). However, existing modelling approaches produce solutions that lead to unfair distributions of costs and benefits (K. E. H. Jenkins et al., 2020). 
1.4. [bookmark: _Toc127206940][bookmark: _Toc147091231]Existing research on load profiles
In published research, there is often an assumption of homogeneity in electricity demand (Stephen et al., 2014). However, more recent research has taken an approach to modelling load profiles that are sensitive to local changes (Llanos et al., 2017). Llanos et al. found that traditional methods were not applicable to minigrid planning due to high variation in demand and uncertainty in load behaviour. They note the importance of including social aspects and local context in the modelling. 
Bhattacharyya & Timilsina (2010) challenge the assumption that electricity demand in developing countries will have the same features as in industrialised countries, but with a time lag. They identify a deficiency in data availability and issues around rural/urban, rich/poor and commercial/non-commercial dynamics. Examples of different commercial dynamics include the prevalence of the informal sector, non-monetised transactions and the continued use of traditional sources of energy. 
There are also contextual complexities and feedback mechanisms that are not considered in simple linear estimates of electricity demand over time. The lack of attention to the dynamic nature of demand prevents appropriate modelling – causing a barrier to effective planning (Riva, Ahlborg, et al., 2018). Income-generating activities are particularly important as they can increase the capacity of electricity usage and the willingness/ability to pay. Although there are these inherent difficulties, the sizing of projects is a major component in their costs, so it is important to improve understanding in this area. Another option is to investigate the potential of increased flexibility in system size, such as through modularity (Ehnberg et al., 2016b, 2020).
1.4.1. [bookmark: _Toc147091232]How have others generated load profiles?
Den Heeten et al (Den Heeten et al., 2017b) use a bottom-up approach where they identified electrical appliances used by homes to build a load estimation profile. They highlight the need to consider how appliance use will change over time to model future electricity demand. Appliance usage is both a technical and social issue – while new technologies may become more easily available, socio-cultural factors will affect whether people choose to or are able to use them. Mandelli et al. (Mandelli, Merlo, et al., 2016) and Boait et al (Boait et al., 2015b) created similar models, taking into account the class of consumers and their usage of electrical appliances – however, they did not consider how to incorporate changes in demand over time. In a later paper on the effect of load profile uncertainty on optimum sizing of off-grid systems, Mandelli et al. identify the evaluation of demand over time as a key topic for future work, as this is where there are high levels of uncertainty (Mandelli, Brivio, et al., 2016).
Hartvigsson and Ahlgren (Hartvigsson & Ahlgren, 2018) compared measured and interview based load profiles for a minigrid in Tanzania. Interview-based load profiles (‘load estimation profiles’) were created from households’ reported energy usage and compared to system data collected over several days. Issues identified with their approach include asking closed questions and how people perceived researchers. This may have meant respondents avoided telling researchers about usage of regulated or inefficient appliances. My paper uses a similar interview-based approach to create load estimation profiles, but builds on Hartvigsson and Ahlgren (2018) by analysing system data over several years. My research took an interdisciplinary approach, so I am able to compare the profiles in the context of payment data and qualitative data. 
2. [bookmark: _Toc127206941][bookmark: _Toc147091233] Methods
I visited six minigrid projects across Tanzania in 2019 and 2020 to identify issues around minigrid implementation. Research activities included community focus groups and interviews with key informants such as village leaders and minigrid project staff. For the main case study, analysed in this paper, data was collected over two month-long field visits, including survey data on income and appliance usage, as well as participatory activities and ethnographic observations. The minigrid developer provided customer payment and system data from 2017-2021. 
A demand model was created by collecting information on household and business appliance usage through surveys (hourly data). This sample was then proportionally scaled up using total customer numbers, paying customers, and customers paying over 7000 
TSh, for each month. 
This was then compared to the load profiles from the 30-minute interval system data, comparing the average daily peak and average demand over all years, and the load profiles at 6 monthly intervals.

3.1. [bookmark: _Toc127206942][bookmark: _Toc147091234]Case study
This study was conducted in a village, Mpale, located in the Usambara Mountains, in the Tanga Region of Tanzania. Mpale has a population of around 3,000 people, spread across 730 households in five sub-villages. The main sources of income in the village are through agriculture – particularly tea, sugar cane and bananas. 
[image: A picture containing sky, outdoor, nature, ground

Description automatically generated]
[bookmark: _Toc130479833]Figure 77 Google Earth aerial photo of Mpale (Google, 2022)
      
A solar minigrid was installed in the village in 2017 with a peak capacity of 48 kW and a 50 kVA backup diesel generator. It has a total OPzS lead-acid deep cycle battery capacity of 289 kWh, which was modelled as 2 days of autonomy.  The electricity output is 230-400 V AC at 50 Hz via a 5km low voltage distribution line. There are two local engineers employed full-time to maintain the system and install new connections, and a local office manager who takes payments and arranges contracts. A local energy committee liaise between members of the community and representatives of the company.  The company said that they had completed interviews to estimate willingness-to-pay and community demand, but they did not share this information. 
As part of the community’s agreement with the company, electricity connections were provided to the local health centre, school and government buildings. The first 250 customers received subsidised connections, supported by funding from the Tanzanian Rural Electrification Agency. As of May 2021, there were 256 connections. 
The project uses an ‘Energy Daily Allowance’ tariff, where customers pay a fixed monthly fee (or pay-for-service) for a daily allowance of units of electricity. The basic tariff is 11,000 TSh per month (5 USD) for 275 Wh per day, rising to 20,000 TSh per month for 550 Wh per day. Customers can build up their allowance in their meter for up to 5 days. When the company first presented the tariff to the community, based on their preliminary surveys, they suggested a basic tariff of 20,000 TSh per month, which was not accepted. If customers are not able to pay their full tariff, they will only receive electricity for the proportion of days that they have paid for. 
3.2. [bookmark: _Toc127206943][bookmark: _Toc147091235]Data collection
Interviews were conducted with 47 out of 245 connected households. A local guide assisted with identifying a representative sample of households from different income groups, with different sources of income and in different sub-villages. Of the 47 households, 15 also ran a business from their home, such as retail, arranging transportation, tailoring and being a barber. Two households had income from waged labour – a security guard and a worker at the tea factory.  Interviews were conducted in Swahili by a Tanzanian research assistant, with the local guide assisting with translation from Kisambaa (the local language). The research assistant made notes during the interviews, which were recorded to allow the research team to confirm responses. Most surveys took place in participants’ homes, with a smaller sample taking place in central village buildings as during market days, people were not at home. 
In surveys, people were asked to describe which appliances they used, and when they were used in their household. A list of common appliances was used to stimulate responses when participants were unsure. Survey participants were generally unsure of the power rating of their appliances, so these were identified by inspection of appliances in the household. This was not possible when surveys took place in the central village buildings. After identifying appliances use, participants were asked when they were used, and whether this was every day or some days. 

[bookmark: _Toc130479853]Table 7 Installed load by usage category and appliance from survey sample. For fridge, the load takes into account an average duty factor of 50%
	
	Quantity installed
	Individual appliance load (W)
	Installed load (W)

	Household lighting
	167
	5
	835

	Phone charging
	78
	5
	390

	Radio and TV
	Radio - basic
	20
	8
	160

	
	Radio - subwoofer
	2
	100
	200

	
	TV 
	15
	18
	270

	Commercial
	Fridge
	5
	100
	500

	
	Shop light
	7
	5
	35

	
	Grinding machine
	1
	800
	800

	
	Desktop PC
	1
	200
	200

	
	Soldering iron
	1
	40
	40

	
	Air compressor
	1
	400
	400

	
	Shaving machine
	2
	25
	50



Households provided an estimate of their income over the past 12 months. This was corroborated through interviews with the village agricultural officer as the majority of households’ main source of income was farming. Participants answered questions in a semi-structured interview (using a set of pre-prepared prompt questions with additional questions asked for detail) to provide information on how they felt about their electricity, including the challenges and benefits. 
[bookmark: _heading=h.4d34og8]The minigrid developer provided system data at a one-minute resolution. The X-tender Analysis tool, designed by Studer-Innotec, was used to extract the demand on the system at a 30-minute resolution (Xtender Data Analysis Tool (V1.6.44), n.d.). Verification checks were run on the data. These identified anomalous data points, caused by system errors, and a two-hour time difference between data pre- and post-March 2020, which was caused by a change in logged system time from Central-European Time (UTC+1) to East-African Time (UTC+3). System data is missing from 15th August to 5th December 2018 due to a communication error. 
The minigrid developer also provided customer payment data. This data includes the number of customers connected to the grid and how much each customer paid to the company each month. 
2.3. Interview-based load profiles
The power rating and running times for appliances were extracted from surveys. As it was not always possible to verify the power ratings, typical values were used for each appliance from information provided by the minigrid company.   
For each hour (time i), the total load was estimated by taking the sum of each of the power (P) of each of the appliances (m) in use as detailed in the survey data. This was then scaled according to the ratio between the number of customers for each month (N) and the number of households surveyed (n) as shown in Equation 1. In this survey, the total number of households surveyed was 47, out of a total number of 245 households connected. Three different customer payment categories were used to define values for N for each month – the total number of customers connected, the number of customers paying, and the number of customers paying at least 7000 TSh per month. The variation in these values is shown in Table 8.

[bookmark: _heading=h.17dp8vu][bookmark: _Toc130479854]Table 8 Customer payment categories
	Customer payment category
	Description 
	Jan-18
	Jul-19
	Jan-21

	A
	Total number of customers connected
	47
	173
	239

	B
	Number of paying customers
	46
	118
	223

	C
	Number of customers paying at least 7000 TSh 
	46
	97
	162



[bookmark: _heading=h.3rdcrjn]
ℳ is defined to be the set of devices connected to the minigrid. The average power consumption  for device m in time period i of the day is given by:

	Equation 1

	



where  is the peak power consumption of device m;  represents the on/off state of device m in time period i according to the survey results;  represents the duty factor of the device; and  represents the number of days of the week that the device is actually used.
The overall energy consumption  (in Watt-hours) of the minigrid for time period i is then:
	Equation 2


	



where  is the duration of the time period in hours, here equal to 1; N is the number of customers for the month in question; and n is the number of customers sampled.
Where appliances are not used for a full hour (such as toilet lights and machines) energy usage was calculated by multiplying their rated power (P) by the usage time in minutes (tusage) and dividing by 60, which is taken into consideration in the duty factor  .  
Households did not necessarily charge their phones every day. In surveys, households reported how many days they charged their phone per week. The energy usage was calculated by multiplying the power rating (P) by the fraction of days a week the phone was charged (nd/7). 

2.4. [bookmark: _Toc127206945][bookmark: _Toc147091237]Comparative tools
To identify the differences between the different load profiles, 24-hour profiles for January 2018, July 2019 and January 2021 are presented in Figure 78 alongside solar radiation data (Figure 79). These months were selected to show how the differences between the model and the system data change over time. This has also been demonstrated by presenting the variation in average peak demand and average demand over the whole available data set. These were selected as they are key parameters used when sizing minigrid generation and storage (Hartvigsson & Ahlgren, 2018; Kirubi et al., 2009).The peak demand was identified by finding the maximum for each day in the data set. The average of daily peak demand was taken for each month to give the monthly average daily peak (Equation 3). As the number of households changed over the data period, I have also calculated peak and average demand per household. This average figure uses the number of households connected, so it will be affected by both household demand and customers disconnecting or underpaying. 

Equation 3

Equation 4


In addition to graphical comparison, several key performance metrics were calculated which impact the dimensioning of minigrids (Hartvigsson & Ahlgren, 2018; Kirubi et al., 2009). These factors are capacity factor, load factor and coincidence factor. 
Equation 5


Equation 6


Equation 7



The capacity factor is a ratio of electrical output of a system over a time period compared to the total generation capacity. For a photovoltaic power installation, the capacity factor will be dependent on climatic factors, such as length of day and cloud cover, as well as local factors such as latitude of the system, dust, cleaning schedules and ambient temperature. 
The load factor is defined as the average load divided by the peak load in a specific time period. It can be used to compare the efficiency of electrical usage – a high load factor indicates consistent energy use which is often more efficient. This is not always the case for solar installations, where it is more efficient if the demand is concurrent with solar insolation. However, for rural minigrids demand is higher in the evenings when there is low or no sunlight. 
The coincidence factor is the peak load of a system divided by the total installed load. The total installed load was calculated by taking the sum of the loads of all appliances from the appliance survey and scaling according to number of households connected.  A high coincidence factor indicates that a large proportion of appliances are being used concurrently. 
3. [bookmark: _Toc127206946][bookmark: _Toc147091238]Results and analysis
2.1. [bookmark: _Toc127206947][bookmark: _Toc147091239]Load profiles over time

[bookmark: _Ref130311934][bookmark: _Toc130479834]Figure 78 Load profiles over time for the minigrid in Mpale. Data is month average demand at a 30-minute resolution

Figure 78 shows the shape of the load profile over time. It is characterised by an evening peak between 19:00 and 21:00, followed by night-time usage of around half the level of the peak. The lowest demand is during the day, between 07:00 and 18:00. Over time the load profile maintains the same shape and demand increases year on year, though there are some decreases between January and July in 2018 and 2019. This increase is caused by changes in the number of customers, rather than seasonal changes in behaviour (Figures 80 and 81). There are similar percentage increases over time across different times of day, though the actual increase is greatest overnight and in the evening peak. 

[bookmark: _Ref130311946][bookmark: _Toc130479835]Figure 79 Daily solar irradiation for Mpale

Example solar radiation data has been provided (Figure 79) to demonstrate how the demand is lowest when solar radiation is highest. This causes additional issues for minigrid providers as systems need enough storage to provide energy during the night. January has the highest monthly irradiance, and the lowest is in June and July.
[bookmark: _Toc130479855]Table 9 Percentage change in system demand (kW) over time
	Time
	Jan 18
(kW)
	Jul 18 (kW)
	Jan 19 (kW)
	Jul 19 (kW)
	Jan 20 (kW)
	Jul 20 (kW)
	Jan 21 (kW)
	Percentage increase Jan 18 – Jan 21

	00:00
	1.13
	1.04
	1.97
	1.86
	2.38
	3.19
	3.41
	201%

	04:00
	0.48
	0.51
	0.87
	1.14
	1.12
	1.64
	1.64
	240%

	08:00
	0.52
	0.50
	0.98
	1.02
	1.22
	1.48
	1.61
	213%

	12:00
	0.57
	0.51
	0.99
	1.03
	1.29
	1.65
	1.92
	236%

	16:00
	1.87
	1.81
	3.30
	3.16
	3.93
	5.23
	5.98
	220%

	20:00
	1.13
	1.04
	1.97
	1.86
	2.38
	3.19
	3.41
	201%



2.2. [bookmark: _Toc127206948][bookmark: _Toc147091240]Seasonality of income and non-payment
During semi-structured interviews many households reported that they often struggled to pay bills and talked about how their income varied depending on the season. This led to an initial hypothesis that income would affect both payment over time and hence system demand. In the Tanga region there are three main seasons. The heaviest rainy season (Masika) occurs in March and April, with a shorter rainy season peaking in December (Vuli). June to September is the cooler dry season with very little rain (Kipupwe). The hottest time of year is December to March (msimu wa joto). There are two main harvest periods in January and September. 
Figure 80 shows income (line) over time, compared to the average peak demand and overall average demand per month (bars). Income data was collected through surveys, but we noted that no households we spoke to kept a record of their monthly income and households also talked about variability due to crop yields and market prices. Over 90% of households earnt most of their income from farming, growing crops such as tea, beans, sugar cane, bananas, and cardamom. Other sources of income included shop keeping, tailoring, maize milling, barbering and daily labour. As these largely depended on people in the village having money to spend, they also reported seasonality in their income.      This data was corroborated through discussion with the government farming officer. 

[bookmark: _Ref130311999][bookmark: _Toc130479836]Figure 80 Seasonal income and demand: average and peak demand per customer compared to average household income per month
[bookmark: _heading=h.44sinio]
[bookmark: _Ref130312061][bookmark: _Toc130479837]Figure 81 Seasonality: Average income per household and average demand per customer by month for 2019 and 2020 data (as these were the only years with data for every month)
[bookmark: _heading=h.2jxsxqh]

There is a trend of decreasing usage (both peak and average demand) per customer from January 2018 to July 2019, which may be due to wealthier customers with more appliances connecting earlier. From July 2019 onwards there is a more gradual increase in demand per customer. The peak hourly demand per customer increases from 0.016 kW in July 2019 to 0.025 kW in February 2021 (56% increase). Similarly,, the average demand per customer increases from 0.010 kW in July 2019 to 0.012 kW in February 2021 (20% increase). There is variability around this increasing trend. 
The data was analysed to identify any weekly trends in usage. By taking the average for each day of the week over the whole data set I found that there was less than 1% variation. Friday and Sunday are holy days in the community for Muslims and Christians respectively – during these days people would spend more time at their place of worship, but would still be out of their homes during the day. Tuesday is the market day in Mpale, but there was no significant difference in demand. 
As data was not available for parts of 2017, 2018 and 2021, Figure 81 shows average monthly demand per customer per month across 2019 and 2020. This shows no obvious link between energy demand and seasonal income. This could be interpreted as inelastic demand on the system; however the household level data shows that this is not the case. 
Each month up to 80% of households either don’t pay at all or underpay (Figure 82), meaning they are self-disconnecting. When households underpay, they only receive electricity for a limited number of days that month, according to the amount they pay. During interviews, households mentioned both day to day pressures on their income as well as seasonal variation due to harvest periods. This included deciding whether to buy food or electricity, having unexpected healthcare, and the costs of education. The lack of correlation between demand and seasonal income suggests that it is the day-to-day costs that have the dominant impact on households not being able to afford their bills. 
Complete disconnection for months was limited by allowing customers to make smaller instalments, but with underpayment they still have days without electricity. There are issues with both the tariff types (as electricity is cheaper per unit for higher demand customers) and the overall price, which is too expensive for many households and was cited as the main reason for households not connecting to the minigrid. 
The national basic needs poverty line for 2018 was 256 USD per adult per year (49,320 TSh per month), and the food poverty line was 175 USD per adult per year (33,748 TSh per month) (Swinkels, 2019). In rural areas, 33% of people live below the basic needs poverty line, and 9.7% live below the food poverty line. Annual electricity costs for basic usage (lighting and phone charging) range from 15-75 USD per year, representing a significant proportion of poorer household incomes.


[bookmark: _Ref130312088][bookmark: _Toc130479838]Figure 82 Underpayment: Percentage of customers by month who either do not pay or paid under 7000 TSh
[bookmark: _heading=h.z337ya]In September 2018 – January 2019 there was an increase in new customers during the harvest season, when households have higher levels of income. Following first phase of fieldwork (March – August 2019), the company used feedback to implement a new way of paying connection costs depending on households’ harvest income – a seasonal connection. This was implemented in March and April 2020, along with a communication push regarding the limited number of subsidised connections which can be seen in Figure 83.


[bookmark: _Ref130312104][bookmark: _Toc130479839]Figure 83 Seasonal income and new connections. Data was provided from January 2018, however some households connected in late 2017. These households are included in the value for Jan-2018
[bookmark: _heading=h.3j2qqm3]
Connection costs are a major barrier to households connecting, and cause households to delay connecting to an electricity service. Providers need to understand how people earn their income in a community, and tailor payment plans accordingly. 


2.3. [bookmark: _Toc127206949][bookmark: _Toc147091241]Modelling demand
In this section I compare the system data to the modelled load profiles created using data from three customer payment categories shown in Table 8. The system was modelled for each month from January 2018 through to January 2021. January 2018, July 2019 and January 2021 were selected to be analysed and presented in this paper to demonstrate the change in demand over time.
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[bookmark: _Toc130479840]Figure 84 Modelled peak demand for each of the three customer payment categories (table 8) compared to the system data
[bookmark: _heading=h.4i7ojhp]

[bookmark: _Toc130479841]Figure 85 Average demand for each of the three customer payment categories (table 8) compared to the system data

Figure 84 shows how the peak demand is always overestimated using the model from interviews. The discrepancy between the model and system data increases over time, particularly when considering all customers (A) and all paying customers (B).  
Average demand was initially underestimated by the model in all three payment categories. Over time, considering underpaying households (C) increasingly underestimates the average demand. Including all households (A) overestimates the demand from January 2019 to varying degrees. Using all paying customers (B) provides the best representation of the actual average demand over time. Figures 86-88 provide additional insight on these changes by looking at 24-hour load profiles, demonstrating that across categories there are sections where the model overestimates, and others where it underestimates the demand. 
[bookmark: _Toc130479856]Table 10 Comparison of performance metrics
	
	January 2018
	July 2019
	January 2021

	
	System data
	Modelled from interviews
	System data
	Modelled from interviews
	System data
	Modelled from interviews

	
	
	A
	B
	C
	
	A
	B
	C
	
	A
	B
	C

	Capacity Factor
	0.04
	0.04
	0.04
	0.04
	0.06
	0.16
	0.11
	0.09
	0.13
	0.22
	0.20
	0.14

	Load Factor
	0.49
	0.30
	0.30
	0.30
	0.62
	0.30
	0.30
	0.30
	0.49
	0.30
	0.30
	0.30

	Coincidence Factor
	0.36
	0.38
	0.37
	0.38
	0.17
	0.47
	0.32
	0.26
	0.28
	0.48
	0.45
	0.32

	Average demand (kW)
	0.95
	0.62
	0.60
	0.60
	1.71
	2.27
	1.53
	1.26
	2.98
	3.13
	2.91
	2.11

	Maximum demand (kW)
	1.90
	2.03
	1.99
	1.99
	3.19
	7.47
	5.05
	4.15
	6.00
	10.32
	9.59
	6.95



As the minigrid is powered by solar photovoltaics, the capacity factor is limited by the hours of sunlight. For solar PV, the expected capacity factor is between 0.1 and 0.2 (IEA, 2018). The capacity factor is best modelled by customers paying over 7000 TSh (Category C). As the three modelled scenarios are scaled versions of the same load profile, they all produce the same load factor (ratio between average demand and peak demand). The higher load factor for the system data indicates that the demand is not as variable as the model predicts. The coincidence factor is a measure of how likely it is that electric loads are used simultaneously. In January 2018 there is similarity between the coincidence factors for all scenarios, but the discrepancy to the system data increases over time, particularly for categories A and B. 


	
[bookmark: _Toc130479842]Figure 86 January 2018: Load profiles from system data and model using customer payment categories (table 8)




	
[bookmark: _Toc130479843]Figure 87July 2019: Load profiles from system data and model using customer payment categories (table 8)







[bookmark: _Toc130479844]Figure 88 January 2021: Load profiles from system data and model using customer payment categories (table 8)
The 24-hour load profiles (Figures 86-88) reiterate some of the findings from Figure 84 and Figure 85, such as how the modelled peak is consistently higher than the system data and this error increases over time. The additional detail in the load profiles provides further insight into the differences between the interview-based model and the system data. 
Overnight usage is underestimated in the model. This is significant for all customer payment categories in January 2018 and 2021, and for categories B (paying customers) and C (customers paying over 7000 TSh) in July 2019. Reported electricity use overnight is predominantly from lighting (Figure 89). Households reported using outdoor security lights as well as leaving lights on inside for convenience.  There are several reasons why under-estimation may have occurred. A researcher had previously done a project on energy efficiency in Mpale, so they may have avoided mentioning that they leave lights on overnight and being seen as inefficient customers. They may also forget, or not always be aware that other household members have left additional lights on. 

Hartviggson and Ahlgren (2018) suggest that the night-time underestimation could be caused by households using less efficient lightbulbs. However, in Mpale households received 5W bulbs as part of their connection package, which would represent most bulbs used in January 2018 as households were connected from August 2017. This may explain some of the over-estimation at night during 2019 and 2021. During a meeting between project staff and customers they discussed some people using poorer quality 11W bulbs which are bought for cheaper from local vendors. However, a large proportion of the peak demand is also from lightbulbs (Figure 89). If I were to remodel increasing the power for bulbs, the overestimation of peak demand would also increase. 
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[bookmark: _Ref130312454][bookmark: _Toc130479845]Figure 89 Graph showing power demand over time for different appliances. Blue = light, yellow =phone charging, green = radio/TV, pink/purple = income-generating activities



The Mpale minigrid project uses an Energy Daily Allowance (EDA) tariff, where customers pay a monthly tariff and receive a set amount of units per day, which last for up to 5 days. Some households reported that as they didn’t use their full daily allowance, they would leave lights on at night so they didn’t waste their units. This demonstrates the importance of understanding links between business models and customer behaviour.  

The size of the peak is most closely estimated when only customers paying over 7000 TSh are taken into account (category C). Over time an increasing number of customers underpay or don’t pay (Figure 82) which explains why there is a discrepancy between the modelled peaks for all customers (A) and all paying customers (B). 

The evening peak in the model starts earlier than the actual peak. Most respondents gave an answer of 7pm (when ‘night’ culturally starts in Tanzania) for when all of their lights would turn on.  In practice, lights would be switched on gradually over the period of day to night (between 6pm and 8pm). 
The ‘fridge peak’ at 8am in the modelled data is not seen in the actual data. Although the behaviour was described (turning the fridge on for a couple of hours in the morning), it may occur at a different time each day. If the fridge was still cool from the previous day its demand would also be lower. As the majority of usage is from low-power light bulbs and phone chargers, relatively high-power appliances such as fridges can have a significant impact on the load profile. 
3. [bookmark: _Toc127206950][bookmark: _Toc147091242]Discussion
Firstly, this paper builds on existing knowledge by providing an additional data set for a rural minigrid. This case study provides insights into how demand can vary over time, as well as the potential impacts of tariff structures.
I have found that when looking at demand per customer (Figure 80), both the average and peak demand decreased from an initially high value. From interviews with the community, an explanation for this is that higher income households are able to connect earlier and may also run businesses from their homes. Between July 2019 and February 2021, the peak hourly demand per customer increased by 56% and the average demand per customer increased by 20%. A reason for the increase could be that higher income households who previously had a solar home system decided to connect. Many of these homes were initially reluctant to connect, as they were concerned about high costs and already had a satisfactory electricity supply. Over time, households reported selling their home solar systems as a minigrid connection was more reliable and they could use more appliances. 
This aligns with research from Latin America which found that rural households’ energy demand increased over time. In Brazil (Pereira et al., 2010) looked at demand behaviour of 23,000 rural households over 4 years. In Argentina (Díaz et al., 2010) found similar trends over a seven-year period.      One way this could be investigated further would be to look at how individual households demand changes over time, rather than the system as a whole. 
Lorenzoni et al (2020) reviewed 61 minigrid load profiles, including several from Tanzania, but none have the same shape as the profile from Mpale, featuring an evening peak that steps down into a night-time period of moderate demand, with lowest demand in the day. The step-peak described in by Lorenzo et al increases during the daytime. I propose that the load-profile presented in this paper represents a 7th load profile type – a step-down peak. This is represented in household load profile in Hartvigsson & Ahlgren (2018) but the profile is levelled out by day-time commercial usage so overall the profile is flat.  In addition to the mean load profile (N. Scott & Coley, 2021)) provide profiles for quartiles. The load profile for Mpale closely matches the load profile for the lowest quartile at one of the sites, although the tariff was pay-per-unit, rather than per month. This shows the importance of understanding incomes, as lower-income households have different usage than wealthier households. 
Although there is variation in demand month to month (Figure 80), there was not a clear link between this and seasonal income. A major cause of variation in demand is customers underpaying or not paying for electricity, meaning they self-disconnect (Figure 82). This means households are more affected by day-to-day pressures on their income, such as costs of food, healthcare and education. The impact of seasonal income is seen more clearly in the number of new customers (Figure 83). This demonstrates how minigrid developers need to understand people’s barriers both to connection and ongoing electricity costs.
In Mpale, the tariff was a fixed monthly fee. In other communities with minigrids visited as part of this project, households used Pay as You Go. Households reported that their usage would be lower in the months when they had less income. This may lead to periods of self-disconnection, particularly as there is often a minimum payment to top up. However, the companies implementing these tariffs were not open to sharing their data as part of this research. 
In the Mpale case study, the project used a pay-monthly tariff. In Lorenzoni et al., (2020) all pay-monthly tariffs produced flat load profiles, as there is less incentive to turn off appliances. This paper presents a case where this appears to influence demand behaviour during the night, but not during the day. This demonstrates the importance of considering the impact that tariff and business models will have on customer behaviour. 
In this paper, I developed the approach used by Hartvigsson & Ahlgren (2018) to use interview data on appliance usage to model load profiles. Similarly to Hartvigsson & Algren (2018), I found that my model underestimated the usage at night. Hartvigsson & Algren (2018) explain this discrepancy through households using higher power bulbs. In my case study, this would not be the case at the start of the project as households were provided with energy-efficient bulbs as part of their connection package. Further to this, as lighting is a significant proportion of the evening peak (Figure 89), including a higher rating for bulbs in the model would mean additional overestimation in the peak demand. This suggests that the reason is more likely to be bulbs being left on at night, either on purpose or by accident.
I have found that the peak demand is best represented when households underpaying are taken into consideration, as this means they are self-disconnecting due to not being able to afford to pay their tariff. 
From looking at load profiles alone one may assume that households were choosing not to use electricity during certain months. However, from speaking to households it became clear this was due to them not being able to afford to pay for electricity – and having to resort to alternatives.  This highlights the importance of interdisciplinary research. There are inherent limitations of quantitative load profiles due to uncertainty in future behaviour. This is why load modelling needs to be part of a hybrid planning approach (S. C. Bhattacharyya, 2012a) or a toolkit (Hiremath et al., 2007) which includes quantitative and participatory aspects. 
This demonstrates some of the justice issues around minigrid modelling. Firstly, there are distributional injustices around both how costs are distributed but also whether projects are cost efficient. Limited engagement of communities in modeling and design of systems is an example of procedural injustice. Households who self-disconnect are not currently recognised in modelling. How they may be included raises further questions of justice – to ignore disconnections will lead to oversized projects (and lower cost efficiency), but accounting for them as reductions in load doesn’t help the households affected. One alternative to oversizing projects is to plan for future growth by expanding projects in multiple stages, which has potential to reduce costs (Sayani et al., 2022).
In this thesis I have identified how communities are not adequately involved in planning and implementation of projects. For example, households across all projects were told tariffs would be affordable, but this was not the reality for many households. Vågerö & Zeyringer (2023) suggest that participatory approaches to optimisation, such as iterative modelling with opportunities for community input, may reduce these injustices. 
4. [bookmark: _Toc127206951][bookmark: _Toc147091243]Conclusions
Minigrid developers need to consider how people will choose to answer questions about demand – other researchers have found people overestimate their usage in surveys, but this data also shows them underestimating usage overnight. It is also important to take into consideration when modelling a project that not everyone connecting will be able to use their desired demand, as demonstrated by high levels of underpayment and missed payments. 
There are two main ways that this research could be interpreted. From a technical standpoint, a better understanding of variation in electricity demand over time may allow systems to be designed more efficiently by taking into consideration households self-disconnecting. Another interpretation is that it is not acceptable that systems have this demand – in practice, it means that households are going without basic needs such as lighting. From this interpretation, this research calls for business models, including government support, that allow households to have access to electricity all year round. This highlights how techno-economic modelling is not external to justice concerns. Modelling of load profiles needs to be part of a wider, inclusive, toolkit or process of project design and implementation. 
There are many avenues for future research on load profiles. Analysis at a household level could help to classify customer types (Scott & Coley, 2021). This could also include analysis of relatively high-power appliances, such as fridges, power tools and medical appliances. Interesting insights could be gained through longitudinal projects, including data collection prior to project development and at several stages over time. 
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[bookmark: _Toc147091245][bookmark: _Hlk144905043]Chapter 7 - Conclusions
1. [bookmark: _Toc147091246]Introduction
This thesis demonstrates the importance of interdisciplinary and participatory approaches in research and community engagement for the success of minigrid projects. I emphasise the significance of understanding community perceptions – particularly around affordability. Based on this research, I argue that there is a need for a more inclusive approach to project design and implementation that more adequately considers household and community usage, desires, and ability to pay. This is crucial to address existing challenges around the exclusion of poorer households. 
Firstly, I will use the findings of this thesis to respond to my research questions and objectives, including implications for policy and practice. I will then summarise how my thesis has added to the literature and areas for further research. 
The schematic below (Figure 90) demonstrates how the research questions in this thesis interact. Intersecting across these aspects are my objectives – community involvement, interdisciplinary approaches, energy justice and application of my research to policy and practice. 
 (
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[bookmark: _Toc147091247]2. Research Questions
I will first discuss the findings from the thesis as related to each of my research questions. The following section will relate the findings to arguments identified in the literature review. 
[bookmark: _Toc147091248]2.1. RQ1) How do justice issues manifest in community experiences of minigrids?

O1.1) Evaluate the community experiences of minigrids using theories of energy ethics and energy justice

O1.2) Identify instances of justice issues alongside their impact on communities

Energy justice and ethics have informed all the sections of this thesis. I have identified a range of injustices, such as communities not being provided with adequate information, lack of participation in processes and inequity in tariff design. I have shown the importance of local perceptions of justice and critiqued the current paradigm of marketised development. 
Distributional justice is concerned with the fair distribution of benefits and costs (Jenkins et al., 2016). In Chapter 5, I have shown how poorer households often pay higher per-unit-costs than wealthier households, and electricity costs for rural communities are significantly higher than for customers connected to the national grid. Poorer households are also less likely to connect to minigrids at early stages, meaning wealthier households benefit more from connection subsidies. 
Opportunities for income-generating activities were limited by financing for purchasing equipment, cost of electricity, the proximity of markets and quality of infrastructure, such as roads for transporting goods. This was supported by research done by members of the community. This may lead to increased inequality as it is the wealthier households who are more able to set up businesses, furthering disparities in the distribution of wealth within communities. An exception was in Matembwe, where the hydro-minigrid was implemented alongside the development of local industries. 
People across communities benefited from improvements to health and education facilities. However, some of the broader impacts communities expected did not materialise, such as streetlights.  Education benefits were also limited as children in households without electricity access were not able to study in the evenings. 
Procedural injustices manifested in one-sided communications between companies and communities. Although companies held information meetings in all villages, people did not feel they had adequate information about costs of tariffs. In Chapter 4, I show how, particularly in my case study, village Mpale, households had expectations of affordable tariffs and a supply capable of powering a range of appliances. They were disappointed with their supply as electricity was 10-60 times more expensive per unit than TANESCO (Mottram, 2022) and was not able to power milling machines. In Mpale people were more satisfied with customer service as there was a representative in the village, but many people still didn’t feel listened to.  
There are gendered aspects of energy use that are not recognised in most minigrid projects.  Women are burdened by needing to collect water and firewood, which has not been reduced by the introduction of the minigrids. Exceptions to this are Chang’Ombe and Bwisya, where there is a water project alongside the minigrid. Women also felt less involved in processes, such as not being invited to meetings and not being able to raise their concerns. 
I have identified the role of the private sector, and energy being treated as an economic good, as a way in which these three different tenets are interlinked. Although private companies use messaging about the social benefits of electricity, their primary concern is economic sustainability (Pedersen et al., 2020)This leads to distributionally unfair tariffs, a lack of community involvement in planning and implementation procedures, and the needs of marginalised groups not being recognised.  There is a policy conflict between having a low-burden scheme of regulation which encourages investment in rural minigrids and having regulations in place to protect communities. 
I have shown how existing ways of evaluating projects (Akinyele et al., 2018; Ilskog & Kjellström, 2008a; Katre et al., 2018; Rahmann et al., 2016) take a limited account of community perceptions, particularly concerning justice issues. I have shown the importance of being grounded in community’s perceptions, rather than pre-conceived ideas of justice. 

[bookmark: _Toc147091249]2.2. RQ2) How do policies and implementation processes (such as tariffs and connection fees) impact community experiences?

O2.1) Collaborate with communities to identify how they are impacted by these processes

O2.2) Review policies and processes based on data collected with communities

The primary way communities were impacted was through the high costs of tariffs and, in some cases, connection fees. People also didn’t feel adequately involved in processes, particularly about receiving clear information at the early stages of projects. 
In Chapter 6, I have shown how limited community engagement leads to projects being oversized for existing demand, which leads to more expensive tariffs.  A further concern, discussed in Chapter 4, is that the capacity of projects is too small for income-generating activities, such as milling. In this chapter, I identified how inadequate messaging around tariffs has led to dissatisfaction from households. At present, there are no regulations around customer protections or communications, which leads to this area being neglected by companies.  In Chapter 5 I highlight inequities in tariff costs, which are driven by techno-economic approaches to tariff design. I show how existing subsidies for connections are targeted at wealthier households, who are more likely to have higher demand.  I raise concerns about the role of the private sector, particularly as subsidies disproportionately benefit wealthier groups. 
[bookmark: _Toc147091250][bookmark: _Hlk146635984]RQ3) How can community experiences be used to improve policy and modelling of minigrids for rural electrification?

O3.1) Analyse energy demand modelling, tariff structures and success frameworks alongside qualitative data from communities, integrating social, economic, and technical perspectives

O3.2) Provide practical recommendations for policymakers and practitioners

Throughout the thesis, I have shown a need for greater community participation in policy and implementation for minigrids. Section 6 of this conclusion presents the messages the community wanted to share with practitioners and policy makers, such as them having an understanding of how households’ income varies depending on harvest seasons and crop success. In the appendix report (appendix 3.6), these concerns have been translated into a resource for policy makers and practitioners. Empowerment of communities with knowledge and skills enables them to take a more active role in shaping policies and practices (Galende-Sánchez & Sorman, 2021).  This was shown during my fieldwork by members of the community doing their own research about safe water sources, and working with the village government team to improve education and awareness. 

These are the key messages from the report:
· Communities need to be included at early stages of policy making and project planning, particularly for sizing projects and deciding tariffs.
· Electrification projects should be joined up with other local development, such as improvements in transport and communication infrastructure, and healthcare and education services. This requires greater collaboration between minigrid developers, government bodies, non-governmental organisations and rural communities.
· There is a need for different approaches to financing. To be cost comparative with TANESCO (the national electricity provider), most minigrids need additional financial support. It is important that this is delivered in a way that fairly distributes the benefits. 

Incorporating community views and perspectives into policy and planning leads to outcomes that are more likely to be socially acceptable (Berry et al., 2019). This is due to increased community ownership, outcomes better reflecting community values, greater credibility and trust between stakeholders (Cash et al., 2003). As well as sharing the direct findings from this work with policy makers and practitioners, I have raised their awareness of participatory approaches. This has included highlighting ways that current processes are not inclusive, such as the lack of womens’ participation in planning. Specific participatory approaches that could increase the role of citizens in planning include citizens’ assemblies, citizens’ dialogues (where future scenarios can be explored) and deliberative events to find joint solutions (Galende-Sánchez & Sorman, 2021).

Involving people in knowledge production does not necessarily lead to social impact (Tribaldos et al, 2020). However, I observed shifts in peoples’ perspective, such as them being more aware of different energy uses and the importance of efficiency and renewable energy. I have also valued the role of output activities, such as creating local posters and reports with a national (in Tanzania) and international audience. This demonstrates how my research has gone beyond basic participation of information provision and consultation. Social change is an iterative process, and advancing knowledge in this space and empowering community contributes to the journey towards inclusive energy for all. In academic research there can be challenges around a lack of cumulative learning (Tribaldos et al, 2020). I have mitigated this in my research through sharing outcomes both within and outside of the academic sphere, making the most of networks I have built both during my thesis and in my previous role working with international civil society organisations. 

At a policy level, I have shown in Chapter 5 how the dominance of the private sector in solar minigrid development has led to tariffs which are more focussed on techno-economic efficiency, rather than fairness. In Tanzania this doesn’t align with the Government policy of reduced tariff rates for the first 75 kWh of energy per month for households connected to the grid.  Whilst a light-touch regulatory approach encourages investment, this is creating injustices in poor rural communities. At a project level, communities have said they want to be more engaged early in projects when tariffs are being designed and set. Unclear expectations have led to customer dissatisfaction, which may have negative impacts on new connections and energy usage. 
In this thesis I have demonstrated how an interdisciplinary approach can bring new insights to complex issues. I have usef social methods to deepen of understanding to technical (Chapter 6) and economic analysis (Chapter 6). Analysis of load data and payment/tariff data alone can identify patterns and trends, however the social perspective helps to identify human challenges and the why and how these patterns exist. For example, pay-per-month tariffs lead to households self-disconnecting, but also to them leaving lights on overnight as otherwise they would have unused units. 
In Chapter 6, I highlight how household issues such underpayment and self-disconnection significantly impact load profiles. I identify differences between aspirational demand and realised demand. Self-disconnection rates could be used to model demand more effectively, however, to do this would mean accepting people going without a basic service. This demonstrates the need to understand the social impacts of techno-economic processes. There is also a role for communities in these processes to ensure they align with local perceptions of justice and fairness. 
[bookmark: _Toc147091251][bookmark: _Hlk146635997]
RQ4) How does enacting participatory action approaches contribute to addressing the above research questions?
O4.1) Enact participatory action research principles by involving the community actively in the project, empowering participants, facilitating change, and using iterative processes.
O4.2) Evaluate the contributions of action research methodologies to my research questions

Throughout the thesis I have demonstrated how participatory approaches has added value to the work I have completed. In evaluation sessions participants talked about how they appreciated this more inclusive approach, and how it felt less extractive than other research done in the village. The people who took part in the participatory activities were proud of what they had done, and how sharing their insights will help future electrification projects.
Using participatory approaches empowered women through developing skills, such as completing research and using a blender, and creating spaces where they felt comfortable speaking. I observed examples of cognitive biases (Godrie et al., 2020)about women’s capacity to be involved in decisions, such as by negative comments by men during the visit to the powerhouse. It was important to me that excluded groups were heard, so I ensure participation by women throughout the project, including them representing the village with practitioners. 
I received regular feedback on my research approach, which enabled me to continually approve and ensure my work was relevant both to the community and in the wider academic context. 

Most research on rural electrification takes a techno-economic approach (Herington et al., 2017a), with a positivist perception of knowledge. However, in this thesis I take a critical-realist approach, valuing the wide range of perspectives of experience. This also involved considering the relationship between researcher and participant. How people will respond to questions is mediated through their perceptions of the researcher, and the way that questions are asked. 
At early stages of my project, people were unclear about the purpose of my research, such as people assuming I was part of the minigrid companies who implemented project. This influenced how they spoke to me, due to concerns about their ongoing relationship with the company.  However, over time and multiple visits to Mpale I built up trust with the community. This meant that people both better understood my position and aims and felt comfortable sharing ideas with me (quote 4 and 5). This demonstrates how participatory approaches can build up trust, which can then provide novel insights that may not arise from other approaches (Jacobs, 2016; Reason & Bradbury, 2001) as well as improving the validity of research (Galende-Sánchez & Sorman, 2021).
We didn’t know your personality and intentions, now we know we can share our ideas with you through different ways, via the friendship that we have with you and the training that we have had. 
Quote 4 Fadhili, participant in Group A and in evaluation focus group
It has been a nice thing because you were able to live with our community, it is nice that you get involved in our activities, we feel like you are a relative.
Quote 5 Jamaal, participant in Group A and in evaluation focus group

Developing trust through participatory activities with the community enabled me to learn about community perspectives on a wide range of issues, as I have shown in Chapter 4. People felt comfortable talking about difficult issues, such as their personal financial situation, which informed my work on tariffs and load profiles (Chapter 5 and 6). Though using participatory approaches in my research itself, I have reflected on how they could be better used in rural electrification planning to ensure projects meet the needs of communities’. This would help to mitigate issues identified such as miscommunications about benefits (eg. streetlights and school buildings), understanding of tariff structures and households’ ability to pay (particularly how this varies both seasonally and day to day). 
The extent of participation possible was limited by the individualistic nature of a PhD, limited funding, and the COVID-19 pandemic. Although I was able to support the community around energy issues, they had concerns about water and agriculture that I have a limited understanding of. However, through giving them skills in research and advocacy they have been able to raise these other issues within their community. I used my position to facilitate spaces where communities felt they could raise concerns to their local leaders and the minigrid company. I had planned to facilitate a space at a national level; however, this was curtailed by COVID lockdowns. 

[bookmark: _Toc147091252]3. How has my thesis added to literature?
 The previous section discussed how this thesis has responded to my research questions. In this section, I will identify how I have contributed to the points on conflict identified in my literature review (Chapter 2).
I have shown how using interdisciplinary methods, particularly including participatory approaches, can produce novel insights into issues. For example, I have looked at the issue of self-disconnection from several perspectives. In Chapter 5 I explain how self-disconnection can arise due to tariff structures. In Chapter 4 I focus on the community experience – such as having to choose between paying for electricity or for food. In Chapter 6 I show how self-disconnection impacts demand profiles, and if and how this could be integrated into modelling. 
There is limited research which uses a perspective of justice to look at techno-economic issues (Vågerö & Zeyringer, 2023). Through doing this I have shown how injustices can arise, such as the conflict between economically efficient tariffs and affordable access to electricity for poor households. I have demonstrated the importance of community participation in these processes to improve projects based on local perceptions of justice. 
The load profile for demand in Mpale has features that have not been recognised in previously published work (Lorenzoni et al., 2020a), and has also been presented within a detailed social context. Whilst information on tariff types has been available in the literature (Odarno et al., 2017), this has not previously been analysed using customer payment data and household survey data. 
The following sections discuss how this thesis has further the debates identified in the literature review (Chapter 2).
3.1. Global context of rural electrification
The findings of this thesis reinforce the literature on the importance of electricity for peoples’ lives (Bos et al., 2018). I have added to the literature on inequality (Bhattacharyya, 2006; Matinga & Annegarn, 2013), demonstrating how tariff and connection policies benefit wealthier households. I have shown how this inequality is further entrenched as wealthier households are more likely to be able to set up businesses to benefit from electricity. These businesses tend to change the distribution of wealth in and around rural villages, rather than bringing in income from wealthier urban hubs.  This demonstrates a conflict between reducing inequality and improving techno-economic efficiency of systems (Riva et al., 2018). Participatory work with communities highlighted the need for local financing and training  (Best & Garside, 2016).
3.2. Energy access targets
My work on affordability has demonstrated how the current approaches to measuring electricity access are not sufficient. For example, affordability is only a consideration in the higher tiers of the World Bank’s multi-tier framework (Bhatia, Mikul; Angelou, 2015). In my case study, over 70% of households self-disconnected each month due to high tariff costs. This means that many households who are counted as having access do not have it in practice. In Chapter 4 I have discussed many ways in which community perspectives should be considered when evaluating projects, particularly technical and economic aspects. Community concerns included reliability, tariff type and minimum payment level. 
3.3. Rural electrification approaches
Although my work focused on minigrids for rural electrification, I have gained insights into perspectives on other forms of electrification. People who had solar home systems identified similar challenges to those found by Cross (2019) and Samarakoon (2020), such as affordability and technical support. Whilst minigrids still have affordability challenges, I found households preferred the level of support and reliability they received.
Access to electricity through the national grid is still the main source of new connections in Tanzania (BloombergNEF & Sustainable Energy for All (SEforALL), 2020). However, I found that households had a range of values which affected their preference. The philosophy of Ujamaa (Ibhawoh et al., 2003), or togetherness, manifested as some households wanting to be connected to the national grid as a way of being connected to the rest of the country. As reliability on the national grid is low in rural areas in Tanzania, households valued the reliability and customer service they received from minigrids. Affordability was still a major issue, so this thesis has highlighted the need for further work into appropriate subsidies that reach the poorest. Many households are still not able to connect to minigrids, so rely on other forms of electricity access, such as batteries and pay-per-charge services. 
3.4. Energy Justice and Energy Ethics
I have built on the existing literature firstly by identifying a range of injustices. I have used the three core tenets framework (McCauley et al., 2013), which adopts ideas of distributional, procedural and recognition justice. Examples of distributional injustice (Jenkins et al., 2016) include lower usage households paying more per unit of electricity (Chapter 5), poorer households struggling to get connections, particularly if they live in grass houses, and limited distribution networks. Recognitional injustices (Boamah & Rothfuß, 2020)identified included women not being involved in decision-making making, alongside peoples’ right to affordable electricity not being respected.  A lack of clear information about projects is an example of procedural injustice (Yenneti & Day, 2015),alongside limited community engagement in projects. 
Chapter 5 on tariffs highlights how electricity being treated as an economic good conflict with arguments for it being a social right (Löfquist, 2020). This thesis supports arguments that access to electricity should be a right (Tully, 2006) by highlighting the benefits for communities alongside the dangers of not having access. 
Through using participatory approaches, I have built on energy ethics – and the importance of not having preconceived ideas of what constitutes a ‘good life’ (High, 2017). This includes considering different ideas of justice and fairness, such as the philosophies of Ubuntu (Chipango, 2023; Samkange, 1980) and Ujamaa (Ibhawoh et al., 2003). I have drawn on these philosophies through disrupting power dynamics in my research, and through engaging and supporting communities. 
3.5. How is success or sustainability defined? 
In the literature review I critiqued the use of the number of connections as a measurement of energy access (Kim et al., 2017; Rajbongshi et al., 2017; Riva et al., 2018).  This thesis has shown how the issue of households self-disconnecting means that these numbers will be overestimating the impact of electrification projects, and also means projects are oversized for actual demand (Chapter 6). I have also demonstrated how the community impacts can be limited by a lack of enabling activities (Cabraal et al., 2005). For example, whilst it was recognised that access to electricity helped children to study, this meant that children without connections risked falling behind. Teachers at the primary school held afterschool homework clubs, but these were of limited use to children who had household chores or who lived further from the school. 
In Chapter 4 I have demonstrated the importance of community perspectives on issues beyond the social. Evaluation frameworks (Akinyele, 2017; Ilskog & Kjellström, 2008b; Katre et al., 2018; Rahmann et al., 2016)tend to focus on quantitative values, and there is a lack of community perspective on economic and technical aspects. For example, households were more satisfied with outages if they were given clear information about them. I have also shown the importance of considering both individual and broader community expectations, such as electricity use in streetlights and healthcare facilities. 
Existing literature identified technical reasons for project failure (Rahmann et al., 2016; Urmee & Md, 2016). In line with Cloke et al (2017) I have identified top-down approaches as reason for failure. In Kibindu, there was a lack of community participation and a poor governance structure. Sabotage was not observed in any of the communities (Ikejemba, Mpuan, et al., 2017; Ikejemba, Schuur, et al., 2017), demonstrating local respect for the projects. However, people viewed projects as unsuccessful due to poor affordability and limited numbers of connections. 
The 2020 tariff announcement (Nishati | News, n.d.) demonstrated how there had been a lack of community engagement in government policy, which had led to criticism and complaints about minigrid companies. Following the directive to reduce tariffs to 100 TSh, companies withdrew from their projects or limited their electricity service. Ongoing uncertainty for the minigrid sector has led to companies cancelling planned projects (personal correspondence).
[bookmark: _Hlk146639371]3.6. Community participation 
Community participation has been central to this thesis. In the methodology (Chapter 3) I discussed how  this is a more ethical approach to research(Kindon et al., 2007) – which has been reflected in the community feedback I received.  This is also linked to my work on energy ethics and decolonising approaches (Santos, 2015; Tornel, 2022), as not valuing the knowledge of communities could be viewed as a cognitive injustice. I have also shown how participatory research has can discover outcomes that may be missed by other approaches (Greenwood & Levin, 2007), through increased trust and openness between researcher and community. 
An improved understanding of community needs is important for modelling and planning of tariffs (Herington et al., 2017b). In Chapter 5 I have shown how a lack of community engagement has led to dissatisfaction with tariffs, and the implementation of unaffordable tariffs. The impact of this on actualised demand is discussed in Chapter 6. I have shown how community perspectives on justice and fairness need to be incorporated into modelling, rather than focusing on techno-economic approaches (Vågerö & Zeyringer, 2023). 
3.7. Approaches to modelling and planning 
In the literature review, I discussed potential ways that social aspects could be quantified to be used in modelling (Dufo-López et al., 2016). However, in Chapter 4 I discuss how quantifying these complex aspects can lead to community perspectives being overlooked. In Chapter 4 I have presented the community perspectives on social, technical, economic, environmental and political frameworks, which could be used alongside causal diagrams (Riva et al., 2018) to better understand links and relationships in energy systems in context. My analysis supports the work of Brand-Correa and Steinberger (2018), who argue that systems planning should be focused on energy services rather than outputs (such as number of connections or kilowatts). One way of demonstrating this is to look at job creation. Dufo-Lopez (2016) suggests using number of jobs created directly due to the energy project, however the impact on jobs in the community is dependent on many more factors, such as training, access to financing and local markets. 
I have identified issues that have stemmed from a lack of community engagement in project planning. For example, communities were not given full information about tariff structures or pricing, which led to dissatisfaction in the project and households self-disconnecting. I have shown the importance of understanding local context – although seasonal income did not impact electricity usage, it affected when households were able to afford to connect. 
I found that using survey data alone overestimates demand, which agrees with the work of Louie and Dauenhauer (2016). I have shown that one explanation for this is households using less than their desired or expected usage as they cannot afford the tariffs, or self-disconnecting. I have shown how average and peak demand per customer decreases over time – which could either be due to poorer households connecting later, or households reducing their usage. Using a similar approach to Harvigsson and Ahlgren (2018), I found that my model underestimated night-time usage. Hartvigsson and Ahlgren (2018) suggest that this could be due to households using higher power bulbs, however as this would also impact the evening peak, a more likely reason is that bulbs and other appliances are left on at night. This could be by accident, but some households explained how they did not use all of their daily allowance, so left lights on a night for safety and security. This shows how tariffs can have unintended consequences, such as encouraging inefficient energy use.  
I have presented a load profile shape which has not yet been characterised (Lorenzoni et al., 2020a). This demonstrates the importance of understanding local context, particularly when designing tariffs for households on low incomes. 
I have made associations between modelling and planning and energy justice. For example, my findings on households self-disconnecting could be used to design systems that are more techno-economically efficient. However, this means that households are going without electricity. Looking at this from an energy justice lens, projects should be designed in a way that people can access the electricity they need, at a price they can afford. 
[bookmark: _Toc147091253]4.  Community conclusions
These conclusions are an output of the participatory activities completed with the community. They are the culmination of four sets of participatory workshops (described in the methodology, Chapter 3). Groups A and B took place in 2019, followed by Groups C and D in 2020. Group A followed from community requests for training on energy, and Group B provided participants with research skills to investigate their own questions. Groups C and D took forward the findings from 2019, with Group C creating posters to share insights with the broader community and Group D preparing advocacy presentations. 
I had planned to facilitate a space where people from Mpale could directly present their conclusions to both EnSol (who implemented the minigrid in Mpale) and at a workshop attended by policy makers (with representatives from TANESCO, the Ministry of Energy and the Rural Energy Agency), as well as academics, practitioners and NGOs. These meetings were planned for 25th  and 26th  March 2020, so were cancelled due to the COVID-19 pandemic. I had also hoped to arrange a meeting at District level, in Korogwe. However, EnSol and the village officers were concerned about what the community would say, and that it may cause political issues for them. I was dependent on Ensol and the village officers to arrange introductions, so unfortunately, I was not able to create a space for the community at this level. Had I been able to facilitate this meeting, in this section there would have been further discussion on how the communities’ presentations were received by practitioners and policy makers, as well as any agreed ways forward. 

4.1. Group A – Understanding Energy (2019)
Group A’s activities focused on understanding energy, and included a visit to the powerhouse, a session with the project engineer and demonstrations of electrical appliances. They concluded that the community needed greater understanding of energy, and they were proud they could now be ‘Mabalozi wa Nishati’, or energy ambassadors. They wanted people to know more about clean and dirty energy, risks of energy (particularly kerosene and the use of DC appliances), and improved support for people in the community to use energy for more uses. They decided this required more education and training on appliances, as well as grants and microfinancing. 
4.2. Group B – Research Skills (2019)
Group B were given training in research skills so they were able to investigate issues that were important to them in their community. The sub-groups tackled a range of topics that they identified as important, including poverty, water and firewood, children's education, energy awareness, and businesses. The letters written by each sub-group served as an advocacy output their findings, and EnSol and the village management team responded positively, demonstrating a willingness to engage in ongoing conversations. The sub-group focused on water collaborated with the village committee to enhance water safety guidelines, a non-electricity related benefit of this research in the community. 
The insights gained by each sub-group shed light on a range of challenges. The poverty sub-group identified the potential impacts of electricity costs on marginalised people in their communities and advocating for income-generating appliances. The sub-group investigating energy awareness identified income as a significant barrier to minigrid adoption, emphasizing the need for education and considering alternative tariff systems. The business sub-group looked into the economic limitations faced by entrepreneurs, finding that energy tariffs were a significant challenge, particularly as businesses survive on very tight margins.  Finally, the children's education sub-group revealed the nuanced impact of electrification on academic performance, recognising the need for equitable access and complementary resources for educational benefits, such as the afterschool homework classes hosted by teachers. 
The research workshops not only empowered participants with valuable research skills but also enabled them to advocate for change in their community. 
4.3. Group C – Creating Posters and Local Awareness (2020)
From the workshops held in 2019, participants in Group C decided to develop posters to improve awareness about electricity.  Previously, the only posters in the village were those in households about how to use meters. The group discussed the outcomes from the previous workshops and my research. They decided to create posters on risks of electricity, uses of electricity and on how the EDA (Energy Daily Allowance) tariff works. Groups created draft posters, which were then turned into designs by a Tanzanian graphic designer, Edgar Lushaju. These can be found in appendix 3.4.  The posters were printed and laminated and sent to the village to be put up in areas suggested by the group – the village offices, the school, and the health centre, as well as for people’s homes. 
4.4. Group D – Advocacy (2020)
This group bought together what they had learnt in the session in 2019, alongside my initial analysis, to decide what issues they wanted to discuss with EnSol and at the workshop in Dar es Salaam.
In this section of the conclusion, I have included the communities’ planned presentation in full, as it is important their voice is heard unabridged (although for this thesis it has been translated) (Godrie et al., 2020). The communities’ conclusions have strongly influenced the overall conclusions of this thesis.   Following the presentations, I have discussed their implications.  

4.4.1. Meeting with EnSol
The village representatives (one man and one woman, alongside the village chairperson) were going to meet with the directors and other staff members from EnSol, who implemented the project in Mpale. I was able to raise these issues in this presentation directly with EnSol by phone call. They agreed to hold more regular meetings with the community, and to organise tours so people from the village could visit the project. There is an electricity committee in Mpale, but EnSol agreed to review how it operates. The remaining issues were more challenging to address, as EnSol do not have funding to increase the minigrid’s capacity nor to fund appliances. They were open to ongoing discussion regarding the tariff, however EnSol were reluctant to change it. EnSol hoped to deliver further minigrid projects in future so appreciated having constructive feedback from the group.  
Community presentation
People who use electricity are sending their warm regards for the service you have brought to their village.
Achievements of the project
1. Citizens are benefiting from Light
2. Reduced cost of life
3. Education on awareness about this electricity has changed for the whole community
4. Health services has improved because of this service
5. Carpenters are doing their work efficiently, tailors, cold drinks like soda. 
6. Fridge helps to get cold drinks.
7. Electricity helps to use appliances like TV, Radio, charging phone, and has made work easy for phone repairs.
Challenges with the project include:
1. The community advise the project to often meet with their customers/community to whom they give the services to, so as to find out the challenges and find ways to solve them.
2. To increase the projects’ capacity so that it can run big machines.
3. We recommend students from primary and secondary school to have study tours to the project, this will help them learn and use this electricity easily.
4. It is difficult to access appliances. We would like to advise EnSol to start up a shop with electric appliances so that it can be easier to get them at appropriate prices.
5. We would like to have a LUKU {pay as you go} system more than EDA {pay monthly}. This is because EDA is a bundle, which expires even if you did not use it.
6. We should have a committee of users of electricity so that they can represent community of customers to EnSol.

4.4.2.	Dar es Salaam meeting
The second meeting in Dar es Salaam was planned to take place with around 20 participants, including representatives from EnSol, Tanesco, the Energy Ministry, other minigrid companies, non-governmental organisations, and academia. Following the cancellation of the meeting and curtailment of fieldwork due to COVID-19, it was challenging to share the community presentation with the intended audience. I received funding from the Fuel Poverty Research Network to hold a follow-up webinar, which led to the publication of the report in Appendix 3.7. 
Community presentation
The community recommends more investment from EnSol, other energy companies and TANESCO so that we can intensify the competition and provide good service to customers. 
Finishing, we believe that you will receive our comments, challenges and recommendations, and work on them
Problems/challenges with electricity.
· Not as many as TANESCO because even when outages happen, it takes a short time for electricity to be back.
· Customers need the price of electricity to decrease, many people want electricity, but it is expensive. 
· Outages are not good for customer’s appliances- often electricity goes off and on, and we don’t know why. 
· Electricity power is too low, we cannot run machines. 
· Sometimes electric power reduces, which is not good.
· Our income is small
· Not having enough electricity power contributes to poverty because we cannot do anything productive with it.
Availability of electricity
· This electricity is good and we use it just as TANESCO
· Electricity is available all the time we are very grateful for that.
· We get electricity from different sources like water, sunlight, etc.
· We are grateful to have this service here because electricity from TANESCO is difficult to get.
· If electricity is available with enough power, we will be able to run machines like milling machines.
· It is easy to get services
· EnSol electricity is very good for uses but is not applied to all uses.
Seasonal income
· During harvest season it is easy to pay for electricity, and you can electricity throughout but after harvest season is hard to pay for electricity. 
· Most customers are farmers and in farming there is good and bad season (May- June).
Cost of electricity
· Cost should be reduced
· Cost is high compared to people’s economy/incomes
· What we pay doesn’t match our uses
· If the cost is to be reduced everyone will connect
· With this electricity customer is assured with the appliances because they get them from EnSol once you have finished your loan.
· Cost is high because we are not using Luku.
Tariff system
· Because the income is seasonal, we pay seasonally when you have money, and cost is high most people have not connected. 
· We pay at the end of the month TSh 11,000 as a bundle.
· We get less income from the seasonal farming.
· If cost is to be reduced more people will connect.
· Cost should be reduced because there are times you don’t know when you can pay on time.
· There is no fairness and equity, whether you use or not you have to pay
· Costs are higher than uses and people’s incomes
Education/ motivation on energy
· We should change now and use efficient cooking energy
· People know the difference between clean and dirty energy.
· We have seen electrical energy is good 
· Many people are motivated and want to use electricity, even nearby village are attracted to this service.
· Customers have increased
· There is a need to provide education to the community to know the importance of energy
· People are getting enough motivation for those who are ready to receive it
· We are motivating everyone to get off dirty  energy like kerosene and change.
Water and firewood
· We see the importance of firewood and water but we get them from a very long distance
· Water and firewood is life because are important but are not available nor reliable
· We need water tap and electric stoves
· If we could use electricity to pump water would be good.
· We use a lot of time to fetch water, which reduces efficiency.
· We will be able to solve this when electricity is strong enough to pump water.
Comparing TANESCO and Minigrid
· There are often outages with Tanesco electricity than EnSol’s, EnSol is more reliable, TANESCO can take weeks to have electricity back.
· TANESCO power is high enough to run big machines, EnSol can not
· Tanesco tariff system is good, you use electricity depending on your income
· EnSol is expensive
· EnSol electricity is better than TANESCO
Relationship between EnSol and Customers
· There is a good relationship between EnSol and her customers in the village
· EnSol has shown us a way to use of electricity, we didn’t know electricity uses now we know and we are very grateful
· Before cost was high, now has been reduced
· Very close relationship and customers get services without any problems, just little differences sometimes which is normal for humans.
Uses of electricity
· Can use appliances like electric stove, light, iron, TV, fridge, run machines.
· For cooking, studying for students, and businesses, making juice using blender, sewing clothes.
· Promises have not been fulfilled to the community.
· We have light we are happy.
Community expectations
· We expected to benefit from better social services, and businesses like small industries
· We have a challenge of paying for electricity, but we are thankful for the benefits that we have.
· Most of us we have not connected because we don’t have income
· To have economic development through electricity.
· To have reduced cost of living and improve people’s economy
· All of us to use EnSol electricity 
· Football pitch to be done by now but that is not the case, nor two classrooms
· Electricity to be available all the time and for all people and institutions in the community to use electricity.
Inequality and poverty in the community
· There are people with income can afford electricity and those without cannot, but we all want the service 
· Emergency of the have and have not in the community
· Because of low income we have inequalities, but everyone wants electricity
· Because of this there is a need for electricity costs to be reduced.

4.4.3. Discussion of community conclusions
The community's feedback provides valuable insights into several key themes surrounding their experience with electricity access. Their main concern is the cost of electricity, expressing a desire for reduced pricing that aligns better with their low income.  This is particularly important given the seasonal nature of income, with the harvest season facilitating easier payments. Participants emphasise that lowering costs would not only increase connections but could also contribute to poverty alleviation, as it would enable more productive uses of electricity. 
The reliability and availability of electricity emerge as another theme. EnSol's service is preferred for its consistency, with fewer outages compared to TANESCO. The community appreciates the continuous availability of electricity, underscoring its positive impact on their daily lives. However, they request higher power capacity to support the operation of machinery. The community raised concerns about the health impacts of using kerosene for lighting and firewood for cooking. 
The community's expectations are tied to broader socio-economic development, with electricity viewed as a catalyst for progress. Enhanced social services, thriving businesses, and improved livelihoods are among the anticipated benefits. However, concerns of inequality persist, as the cost of electricity remains a barrier for some. This underscores the need for inclusive pricing structures that accommodate varying income levels, ultimately working towards a more equitable and prosperous community. 
The community outputs formed the basis for the conclusions of this thesis. As shown in Chapter 4, their presentations show that communities have multi-faceted perspectives on projects, which should be properly taken into consideration by practitioners and policymakers.  In both presentations, the community requested increased community participation through a range of approaches. They proposed increased communication channels, visits for schools and a more representative electricity committee. These presentations represent something larger than this thesis, with the hope for ongoing development for the people of Mpale. 
[bookmark: _Toc147091254]5. Relating conclusions to other geographical contexts 
The findings from this thesis are relevant in a broad range of other geographical contexts. The recommendations in section 6 of this conclusion are relevant globally, including in countries with higher levels of electricity access. However, the specific conclusions are context specific so are not necessarily applicable in other locations. 
My findings about the importance of participation in minigrid planning are relevant across different contexts. When considering load profiles, I have demonstrated a profile which is a different shape to others found across sub-Saharan Africa (Lorenzoni et al., 2020b). This demonstrates how it is important to understand local demand and affordability. 
The Tanzanian Electricity Act of 2008 (The Electricity Act, 2008) introduced a low burden regulatory framework for small power producers, which allowed projects under 100 kW to implement their own cost reflective tariffs, with projects between 100kW and 1MW needing to be approved by EWURA (the Energy and Water Utilities Regulatory Authority). The Act included support for connections, but not for ongoing consumption. This encouraged investment in the sector, and an increase in the number of projects. However, these tariffs were not affordable for many households, and have led to injustices. Community dissatisfaction with cost-reflective tariffs led to the 2020 tariff announcement (where companies were mandated to charge the lifeline tariff), which has led to failed projects and a decline in planned minigrids (Pueyo, 2020). 
In Uganda, minigrid developers can also propose their own tariffs, which can be higher than the national grid tariffs (Soni & Kawahara, 2020b). Unlike Tanzania, the Electricity Regulatory Authority (ERA) is able to amend these tariffs, so they are closer to the grid rates. This can cause difficulties for developers as there is no subsidy provided – just funding for connections and wiring. In Nigeria, mini-grids companies are also able to charge cost-reflective tariffs (Soni & Kawahara, 2020b). However, they have a requirement that at least 60% of potential customers must agree to this tariff. Whilst this is better than no requirement for community engagement on tariffs, limiting it to ‘potential customers’ means that poorer households may be excluded from decision making.  I have shown how not providing targeted support for ongoing consumption can lead to justice issues, particularly households self-disconnecting. 
[bookmark: _Toc147091255]6. Recommendations for the rural electrification sector
In this section I make a series of recommendations on how to operationalise more participatory approaches to minigrid management, as well as suggestions from my research findings. 
a. Community engagement
Community engagement should be inclusive – I have found that often women and households without electricity are excluded from meetings. Perspectives from the community should shape what other approaches to minigrid management are used. People valued having staff members based in the village over having remote technical support, which could be difficult to access. 
b. Capacity building
Workshops and educational sessions can be used to enhance local knowledge about energy consumption, conservation, uses and safety. One way this could be done is through school visits to powerhouses. 
c. Decision making processes
At a project level, communities need to be included in planning. This means having information available which is clear and communicated in an appropriate way. Without this, communities cannot meaningfully participate. 
Several projects had electricity committees, but people did not feel represented. These should not be implemented in a top-down approach, but communities should be able to shape the roles and responsibilities of these committees. They should be inclusive, representing the diversity of communities as well as households both with and without access to electricity. Communities should be involved in decisions such as tariff setting, maintenance schedules (particularly planned outages) and expansion plans. 
d. Financial inclusion
Engaging with communities in early project stages can help companies identify approaches that are more likely to work for households. This includes understanding how incomes vary seasonally, and ability to pay for electricity. Financial approaches that have had positive impacts include providing loans for connections and wiring, flexible payment options (including seasonal loan repayments) and offering different tariff structures. 
e. Local employment
Organisations should prioritise hiring local people for minigrid operation and maintenance, providing training where necessary. In villages where this had happened, people explained how it helped the relationship between the community and the company. 
Consider how energy could be used for income generation. This may require financing for appliances, skills training and access to new markets. 
f. Feedback mechanisms
Establish mechanisms for community members to report issues or provide feedback, such as regular meetings, electricity committees  and accessible staff (eg by phone or in person).
g. Inclusive planning and policy
Organisations should take an iterative approach to planning and policy. Strategies should be adapted based on lessons learned and changing community needs – both over time and in different contexts. Planning should take into consideration different groups within communities, particularly those who are vulnerable, poor or often excluded. 
h. Partnership and networking
There is a need for increased collaboration between local NGOs, governmental agencies and other stakeholders to leverage resources and expertise. One way this is being done in Tanzania is through the Tanzania Renewable Energy Association (TAREA) providing a platform for companies to share best practice and experiences. 
i. Subsidies and financing
To enable minigrids to be cost comparative with grid electricity, there need to be subsidies. It’s important to consider how these will impact different groups, and how to ensure support goes to those who need it most. Subsidies need to be provided for consumption as well as for connections. 
[bookmark: _Toc147091256]7. Limitations of this thesis
One obvious limitation was the COVID-19 pandemic, which curtailed data collection and meant the cancellation of the workshop which was the culmination of the participatory activities. 
In taking an interdisciplinary approach, I have been limited in the depth that I could reach in different aspects of this study. However, I maintain that this approach creates a necessary bridge between different areas of research which have been existing in silos, without shared objectives. 
 My research was limited by my own positionality, and through the need for my PhD research to be my independent project. This meant it wasn’t possible to give ownership to the community, and I was not able to do work in areas they were interested in, such as water provision and agriculture. With additional funding I could have worked with local academics in Tanzania to support the community with these issues.
I had challenges working with private companies. Except for EnSol, companies were not willing to share system and customer data as this is part of their business model. It was also difficult to explain what I was offering the companies, as it was important to me that my research was driven by local communities, not the companies. 
8. [bookmark: _Toc147091257]Areas for further research
Throughout this thesis, I have demonstrated how interdisciplinary approaches can lead to novel insights about community experiences of minigrids. However, there is further scope for research and projects that are more inclusive and participatory. Herington et al. (2017) advocate for leadership to be given to the community in such projects, which could provide particularly beneficial social insights. Projects that use participatory approaches, including in the development of policy or the implementation of projects, could provide valuable data on their impact on policy and practice.
In this thesis, I have only been able to complete a detailed case study on one project. Therefore, additional insights into what leads to success could be gained from studying multiple projects over longer timescales. This would allow for a more thorough understanding of the factors that contribute to project success and would provide valuable information for future techno-economic projects.
The technical data used in this project was limited to whole system resolution. To better understand household demand and how it is influenced by household characteristics, data would be needed at the household level. In this thesis I have demonstrated how load profiles can be better understood using an interdisciplinary approach. Collecting data over a longer time-period would allow for more accurate data on household incomes and the observation of seasonal variations in activities and behaviour. This approach would provide a more detailed understanding of household dynamics and would enable researchers to develop targeted policies that address specific household needs.

9. [bookmark: _Toc147091258]Final conclusion
In conclusion, this thesis has demonstrated the importance of interdisciplinary and participatory approaches in rural electrification research. Throughout the thesis I have provided new evidence and understandings of injustices that communities experience in minigrid projects and how policies and implementation processes impact community experiences. 
I have shown the importance of understanding local context and community experiences, particularly around tariff design and modelling of load profiles. This thesis concludes that there is a need for more community engagement and participation in minigrid projects. This should include involvement at earlier project stages, clear communication, and participation of marginalised groups. 
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	Jina la kijiji
	
	Tarehe:
	Namba ya dodoso:

	Aina ya wateja

	(kaya/biashara/wote)
	Reference data (mahala)
	

	Jina
	
	Jina la interviewer
	

	Umri
	
	Namba ya simu
	

	Nafasi yako kwenye kijiji
	
	Nafasi yako katika kaya
	



Lengo la mradi huu ni kugundua namna gani utafiti unaweza kuwa na manufaa kwa jamii za vijijini walio/wanaotumia minigrids. Itaendeleza mahusiano mazuri kati ya jamii, wasomi, mashirika ya kiraia na biashara nchini Tanzania, pamoja na wasomi katika Chuo Kikuu cha Sheffield cha Uingereza. 
Haya yatakuwa mazungumzo baina yako na mtafiti au msaidizi jinsi unavyotumia umeme na jinsi umeme unasaidia/unaathiri maisha yako. Kama utakubali mazungumuzo yatarecordiwa kwa kutumia Dictaphone (kifaa cha kurekodia sauti). Mazungumzo yatadumu ndani ya saa moja, na unaweza kualikwa na mahojiano mengine.
Nimaamuzi yako kushiriki au kutoshiriki. Kama utaamua kushiriki utapewa hii fomu uitunze (utatakiwa kusaini ridhaa fomu) na bado unaweza kujiondoa wakati wowote bila matokeo yoyote hasi. Si lazima kutoa sababu. Ukitaka kujitoa katika utafiti, tafadhali wasiliana Hannah Mottram.
Takwimu/data zilizokusanywa itakuwa bila jina - hivyo huwezi kutambuliwa kutokana na majibu yako (isipokua kama umeomba utajwe). Data zitatumiwa na msimamizi mkuu Mpelelezi wa mradi huu, Dr. Matthew Watson, na msaidizi wa utafiti. Data inaweza kuchapishwa katika hoja yangu ya shahada ya uzamivu (PhD) na katika machapisho ya utafiti. Watafiti wengine wanaweza kushirikishwa hii data bila kupewa majina ya washiriki husika katika utafiti.
Una swali lolote?
He has no questions -  but wishes we get what we are looking for. 
Kama una swali lolote unaweza kuliza, unaweza kutuuliza kwa kupiga simu zilizopo kwenye karatasi ya maelezo.
Je, unakubali kushiriki kwenye utafiti huu?   Ndiyo/hapana
1. Habari ya kaya
	Namba ya watu wanaoishi kwenye kaya
	
	Ugavi wa umeme
	

	Umejiunga lini?
	
	Kipato (kima cha chini/katikati/juu)
	



2. [bookmark: _Hlk10393674]Kwa nini umechagua kuunganisha  (au kutounganisha) umeme?
a. Kama mshiriki hajaunganisha umeme – unafikiria kuunganisha?
b. Je, unatumia umeme kutoka kwenye chanzo kingine?
c. Kama ndiyo, wapi? Je, unalipia au una makubaliano?
d. Kama hapana, nenda Swali la 7. Kama, umeme wa jua wa nyumbani (solar home system) endelea Swali la 3.

3. Kuna mtu mwingine yeyote anaetumia umeme wako?
a. Kama ndiyo, ni nani? Unamtoza ela au mna makubaliano?
4. Kiasi gani unaridhika na ugavi wa umeme sasa? Una matatizo yoyote na ubora wa huduma au ugavi?
5. Ulishawahi kutokua na umeme kwa sababu umekosa pesa?
a. Kama ndiyo, mara ngapi inatokea, na kwa muda gani?
b. Kami ndiyo, unatumia nini kwa mwanga au kuchagi?
6. Ulitegemea nini wakati una unganisha umeme? Je, matarajio yako yamefikiwa?

7. Je, unazungumza kuhusu umeme na watu wingine? Kama ndiyo, toa mfano.
8. Kitu gani/kipi ni muhimu au kingekuwa muhumu kuhusu umeme unaotumia?
9. Je, umeme kwenye kijiji chako umebadilisha maisha yako? Kama ndiyo, ki vipi?
10. Je, kumekua na matokeo hasi kutokana na umeme?
11. Je, kuna watu ambayo wanapata faida zaidi kutoka kwenye umeme wa minigrid? Kwa nini?
12. Je, kuna watu ambayo wanapata faida kidogo kutoka kwenye umeme wa minigrid? Kwa nini?

13. Matumizi ya umeme (if possible – look at appliance to find power)
	Vifaa
	Power (in W)
	Namba ya vifaa
	Tarehe ya kununua
	Gharama ya kununua
	Matumizi ya kila siku au kuchagi (saa kwa muda gani)
	Mda/wakati wakutumia (kwanzia muda gani – hadi muda gani)
	Nani anatumia

	Taa
	
	
	
	
	
	
	

	TV
	
	
	
	
	
	
	

	Radio/CD
	
	
	
	
	
	
	

	Simu
	
	
	
	
	
	
	

	Feni
	
	
	
	
	
	
	

	Fridge
	
	
	
	
	
	
	

	Kompyuta
	
	
	
	
	
	
	

	Pampu ya maji
	
	
	
	
	
	
	

	Nyingine
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



14. Ni vifaa gani ni muhumu zaidi?
15. Sehemu gani kuna taa kwenye nyumba yako? Nani anaamua taa ziwekwe wapi?
16. Je, unatumia mtandao? Kama ndiyo, ki vipi na kwa ajili gani?
17. Je. Ni vifaa gani ungependa kuanavyo? (Jaza jedwari). Kwa nini hauna vifaa hivyo?

	Vifaa
	Power (in W)







	Utanunua hivi karibuni?
	Gharama ya kununua
	Matumizi ya kila siku au kuchagi (saa kwa muda gani)
	Mda/wakati wakutumia (kwanzia muda gani – hadi muda gani)
	Kwa nini?

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


18. Je, unaweza kupata vifaa? Unajuaje kuhusu vifaa hivyo?

19. Kiasi gani mnalipia nishati kwa sasa?
	Nishati
	Gharama kwa wiki (kwa TSh, au masaa unayotumia)
	Gharama kwa wiki kabla ya umeme (kwa TSh, au masaa unayotumia)

	Umeme - EnSol
	
	

	Umeme  – solar ya nyumbani (and initial cost)
	
	

	Diesel/petrol
	
	

	Mafuta ya taa
	
	

	Mshumaa
	
	

	Betri
	
	

	Kuchagi betri
	
	

	Kuchagi simu
	
	

	Kuni
	
	

	Mkaa
	
	



20. Je, unaweza kugharamia nishati zaidi? Kwa nini?
Kwa washiriki waliounganishwa na minigrid
21. Je, ni jinsi gani ushuru unatoswa kwenye umeme?
22. Je, gharama ya umeme imebadilika tangu ujiunge?
Kwa washiriki wote
23. Vyanzo vya mapato (kaya)
	Vyanzo viandani
	Kiasi (kipindi kibaya) kwa wiki
	Kiasi (kipindi kizuri) kwa wiki

	
	
	

	
	
	

	
	
	

	Total
	
	



24. Swali lolote au maoni?
25. Utapenda kufanya mazungumzo mengine kama yatakuwepo?
[bookmark: _Toc130225209][bookmark: _Toc130479727][bookmark: _Toc147091263]3.2. Focus group questions
Focus group plans
Introductions – name, role within community
I can read my research summary (in Swahili).
Consent – assistant to read out the document, opportunity for any questions and for people to leave. Names to be added to the list, agree to take photos and record audio.

1) Who is in your community?
· Can be done by drawing, writing and talking
· Who are the different groups?
· Who interacts with each other?
Answer following questions by group
2) What are the strengths of your community? What do you value in your community? What do you like about your community? 
· Include thinking about the views of the different groups
3) What are the concerns of your community? How could your community be improved? 
· Include thinking about the views of the different groups
· Do groups have the same concerns?
· Are there conflicts (where solving one concern could cause another)?
4) Has your village changed since the minigrid/umeme arrived? How? How does electricity support your community? What do you use electricity for?
· Are there any groups that don’t benefit.
5) Does energy help any of the strengths or concerns? 
· Does it make any of them worse?
· Is there potential for energy to help local development? Where would people like to see their village/lives in the future?
6) What is your connection? Why did you choose that connection? How do you feel about it?
7) What are your concerns about energy/electricity?
CEFA/TANESCO/general
8) What is stopping this happening at the moment (both energy and non-energy barriers)?
If there are a few key themes coming up – it could be explained that these could be researched more to understand how they currently affect people and to consider ways they could be improved.
9) What ideas do you have about the research?
10) What information already exists
11) Who should we speak to (both inside and outside the community)
12) Do people want to be more active in the research (eg doing interviews)h
13) How could we find out what we need to know
14) What resources are needed (I can give my time and expertise, and will be looking for additional funding)

Other questions/points
15) How were they involved in the planning of the minigrid?
16) It may be necessary to do a prioritisation task
17) Awareness that some participants may not be able to read/write
[bookmark: _Toc130225210][bookmark: _Toc130479728][bookmark: _Toc147091264]3.3. Interview questions 
Interviews with minigrid practitioners
· Tell me about your role in the organisation
· How long have you been working with the organisations?

· How do they design projects? How do they model demand? How does this vary?
· How did you identify this village?
· Connection rates – are they as expected?
· Relevant policies – are they helpful? If not, why not? 

· How do they engage with the community? Before the project? After?
· Do you have an electricity committee? Did you do anything to make it inclusive (vulnerable groups, women?)
· How are people elected/selected for this?
· What is your relationship with the local governance structures (councillor, mtendaji, village chair)
· Savings institutions? Did you engage with them?
· Do you provide financing for appliances? What have you provided?

· If involved in a project I’ve visited

· What are your thoughts on this project?
· What do you see as the strengths/successes?
· What are the challenges?
· What lessons have you learnt from this project that you will implement for future projects?

· What is the tariff model and how do people pay for their connections?
· Has this changed over time?
· How did you decide the tariff level/set up?
· Are customers able to pay? What happens if they can’t?
· What do customers think about the tariff?
· Many customers have asked about LUKU – what are the pros and cons of switching to this system?
· Do you have any issues with customers breaking the rules? How do you manage this?
· How do you give people information about electricity connections?
· What information do you provide about how to use electricity?
· Do you provide any training (e.g., using appliances, setting up a business)?
· How do you provide customer service? 
· What complaints to people have?

· How successful do you think the project has been? Why do you think this is?
· What reporting or evaluation do you do?
· Who do you share this with? (Shareholders, community, leaders?)
· What are the challenges for this project? What lessons from this project will you use in future projects?
· Do you think the project will continue to work well in 10, 20 years? Do you have a business plan for this time?
· Are there any changes you would like to see?
· Anything else to say?

Technicians 
· Tell me about your role. What did you do last week?
· When you visit people, how do they treat you (for example?)
· Have you ever had a difficult situation? For example?
· Do customers discuss the tariff with you?
· If someone would connect illegally, how would you find out?
· Do customers ever use the connection incorrectly? For example?
· Do people ask you to give them special treatment? For example?
Reliability
· In your opinion, how well is the system working now
· Do you think it will continue to work in twenty years?
· From what you hear, are people generally happy with EnSol or not?
· Are people generally complaining or supportive when you meet them?
· If people complain – what do they complain about?
· Are there any improvements you would like to see?
· Is there anything else you would like to say?
[bookmark: _Toc147091265][bookmark: _Toc129797692][bookmark: _Toc118734307]3.4. Group C - Creating posters 
From the workshops held in 2019, participants decided to develop posters to improve awareness about electricity.  Previously, the only posters in the village were those in households about how to use meters. The group discussed the outcomes from the previous workshops and my research. They decided to create posters on risks of electricity, uses of electricity and on how the EDA tariff works. Groups created posters in the workshop, which were then turned into the following designs by a Tanzanian graphic designer, Edgar Lushaju. The posters were printed and laminated and sent to the village to be put up in areas suggested by the group – the village offices, the school, and the health centre, as well as for people’s homes. 



[bookmark: _Toc129797693][bookmark: _Toc147091266] (
Figure 
40
 Risks of electricity poster created by the group
)[image: A piece of paper with writing on it

Description automatically generated]Risks of electricity
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Risks of electricity
Do not touch power lines or poles
Do not touch sockets with wet hands
Prevent children putting things into sockets
Replace worn out electrical equipment
Created by the citizens of Mpale
)[image: A poster with images of various electrical components

Description automatically generated with medium confidence]
[bookmark: _Toc126066363][bookmark: _Toc130479797]Figure 41 Risks of electricity poster by Edgar Lushaju
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Figure 
42
  Risks of electricity poster by Edgar Lushaju
) (
Risks of electricity
Don’t use too many devices on one plug
Don’t use DC appliances, you need to use AC appliances. If you are unsure, ask the technicians.  
Stop children playing near electric poles and wires
Created by the citizens of Mpale
)
[bookmark: _Toc129797694][bookmark: _Toc147091267] (
Figure 
43
 Paying for electricity poster by group
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[bookmark: _Toc126066366][bookmark: _Toc130479800]Figure 44 Paying for electricity poster by group
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Figure 
45
 Paying for electricity poster by Edgar Lushaju
) (
How the EDA payment system works
Use EnSol electricity to know the costs. Electricity from EnSol is 11,000 TSh per month for 275 EDA per day, per month you can use 8250 EDA. If you don’t use all of your EDA, they will be stored in your meter until it reaches 1375 EDA, you can store your EDA for up to five days.
Table shows appliances (LED light, low efficiency light, radio, TV, phone charger), cost to buy, number of watts and number of EDA used by hour. 
An example of how EDA can be used in a day.
Do you have an appliance different to the ones mentioned here?
To find out the power, see how many Watts (W) it has. The amount of Watts (W) is the amount of EDA that the appliance will use in one hour. 
Created by the citizens of Mpale
)[image: A green and black card with a cross
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Uses of electricity
Electric lights, children can study
Powering appliances in a salon
TV enables the community to engage with arts and news
Operate milling machines, corn shellers and water pumps
Power computers, music equipment and cameras
For education and religious institutions
Fridges mean we can preserve food and have cold drinks
Radio provides us with national and international news
Created by the citizens of Mpale
)
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Figure 
47
 Uses of electricity poster by Edgar Lushaju
)
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[bookmark: _Toc130225213][bookmark: _Toc130229293][bookmark: _Toc130405530][bookmark: _Toc130479731][bookmark: _Toc147091270]Summary

Minigrids have been identified as a promising strategy of improving access to electricity. Minigrids have huge potential to offer a bottom-up approach for rural electrification particularly in the developing world. A number of challenges exist that need to be addressed in order to ensure widespread and uptake of these systems in developing countries. A two-day workshop which brought together 22 experts from academia, NGOs, business and private sector was held at the University of Dar es Salaam to explore the current issues and discuss research needs. The workshop also intended to map various actors in the minigrid systems and suggest possible areas to explore for research and partnership. The workshop took place from 22-23 May 2019 at the board room of the College of Agricultural Sciences and Fisheries Technology (COAF) of the University of Dar es Salaam. The workshop model involved presentations, group discussions and plenary discussions. It was organized as part of the project entitled “Minigrids for rural electrification in Tanzania” –a project which is supported through a grant from UK Global Challenges Research Fund (GCRF). As part of this project, a researcher[footnoteRef:1] from the University of Sheffield is currently in Tanzania for planning activities including discussions with various minigrid stakeholders on research needs and collaborations. The researcher is also involved in rounds of field work in selected regions of Tanzania to acquire baseline information on the status, importance and adopting of minigrids in rural Tanzania that will be used to feed her PhD proposal.  Different actors from a wide range of sectors including academia, business and private sectors participated in the workshop. Altogether, the workshop participants concluded that minigrids are a versatile tool for increasing electrification rate particularly in remote rural areas of Tanzania that can’t be served by grid connection easily which is offered by a monopoly state based utility company called TANESCO.  Participants highlighted that the ongoing electrification initiatives by Tanzania Rural Energy Agency (REA) is impressive but yet not sufficient and thus the role of private sector especially through minigrids is of great importance.  Understanding the importance of minigrids to offer an alternative by combining the benefits of a grid-based solution with the potential for harnessing renewable energies at the local level, workshop participants highlighted the research gaps that need to be addressed to ensure smooth adoption and implementation of minigrids. Workshop participants emphasized a need to map different actors working on minigrid as well as specifying their capacity and potential as a strategy to increase collaborations and foster link between them and government agencies taking into account the technical, economic, environmental and governance dimensions.   [1:  Hannah Mottram who is a prospective PhD candidate at the Department of Geography of Sheffield University in the working group of Dr Matt Watson.  Presently she is Tanzania for a period of three months with a research permit given by Tanzania Commission for Science and Technology (COSTECH). So far she had made field visits in Tanga and Njombe and she is expecting to visit Arusha, Manyara, Dodoma and Morogoro. She is hosted by the Dr. Robert Katikiro of the Department of Agricultural Economics and Business of University of Dar es Salaam] 

[bookmark: _Toc130225214][bookmark: _Toc130229294][bookmark: _Toc130405531][bookmark: _Toc130479732][bookmark: _Toc147091271]Aims of the workshop
This workshop was carried out to establish and develop relationships with academics, civil society organizations and businesses in Tanzania to stimulate partnerships around research into minigrids for rural electrification with the University of Sheffield and other UK institutions. The specific aims were to:
· Identify research areas around minigrids for rural electrification in Tanzania
· Map stakeholders and knowledge relevant to these research areas
· Complete initial planning for potential research projects, identifying barriers, gaps and challenges

Research needs in Tanzania – minigrids in Tanzania 
The workshop began with a word of introduction from Hannah Mottram, Lead researcher for the project.  She mentioned the purposes of the project and highlighted the works done by her research consortium at in the University of Sheffield, UK, and the UK Low Carbon Energy for Development Network.  Among others, she mentioned that this workshop intends to map areas and knowledge of various stakeholders in energy research in Tanzania. She emphasized a need of collaboration between UK researchers and their Tanzanian counterparts including NGOs and private sector. She went further to highlight the capacity of the University of Sheffield in energy research including minigrids. Thereafter, she recognized the presence of Dr. Aloyce Hepelwa, Deputy Principal of the College of Agricultural Sciences and Fisheries Technology (COAF) of the University of Dar es Salaam (UDSM). She welcomed him to officiate the workshop.  Dr. Hepelwa remarked on the importance of energy research for socio-economic development in Tanzania. He welcomed participants at COAF and wished them a successful workshop. 

The official inaugural of the workshop was followed by a brief presentation on research needs by Dr. Robert Katikiro. His talk focused on pertinent issues in minigrid research, target groups as well as trends and progress made so far in minigrid research. The main issues covered in this presentation included need to accelerate partnership among actors in minigrid sector and also ensure that their activities align with industrialization goals. The talk also focused on framing participants understanding on why energy poverty is still a prevalent problem in Tanzania. On the other hand, this presentation highlighted barriers to development of minigrids- policy and regulation-lack of viable business models- lack of data and linkage- capacity building- access to finance. As far as the workshop was concerned, the target group mentioned included public authorities and private sector engaging in energy sector- technical staff and energy sector practitioners in public – advisors- regulators- engineers. The talk ended up with three key questions: Are the project mature enough to attract private investors; is the perceived risk reduced enough by public sector intervention and control mechanism; and is there evidence of actual cost of the Minigrids in sub Saharan Africa. 
The next talk was delivered by Mary Swai from Tanzania Traditional Energy Development Organisation (TATEDO). She highlighted activities of TATEDO in the area of minigrids. She pointed out experience of TATEDO in working with various stakeholders in energy research as well as its various initiatives in rural electrification. She introduced TATEDO as a national NGO whose aim is to facilitate improvement of life through sustainable energy use. This organization is also carrying out consultancy services and mobilizing resources for energy awareness. It acts as a hub for networking and partnership. Primarily TATEDO’s focus is on households. TATEDO is rich on information about minigrids in Tanzania. It has engaged widely in awareness raising and exploration of market access mechanisms for development and support of uptake of minigrids. The talk ended up with recommendations which among others pondered on the need for actors to deliberate on ways and strategies that will help to simplify the minigrids planning process need to coordinate all the stakeholders.  Building local capacity is also one of the crucial strategies that need to be incorporated to ensure that once minigrids are established they will have skilled personnel to operate and maintain. 


[bookmark: _Toc130225215][bookmark: _Toc130229295][bookmark: _Toc130405532][bookmark: _Toc130479733][bookmark: _Toc147091272]Challenges and opportunities around minigrids in Tanzania

Participants were divided into smaller groups to discuss challenges and opportunities around minigrids. Group discussed on their own and prepared a report that was presented to the plenary. 
Policy and regulations
Participants criticized the current electrification master plan. Their opinion was that there is absence of favourable business and institutional support including regulations between minigrids and grid. The competition is unfair with most privileges given to the grid. Political decisions are in large part not in favour of minigrids, and this has affected investors who tend to avoid risk for putting money into minigrids. It is important for the existing regulations to be amended to ensure that priority is given to both minigrids and grid and also there should be concerted efforts to increase awareness among policy makers, practitioners and energy consumers on the role of minigrids in increasing electrification rate.  This in turn will help to reduce going for wrong investments of minigrids whose economic returns will not be achieved. 
[bookmark: _Toc130225216][bookmark: _Toc130229296][bookmark: _Toc130405533][bookmark: _Toc130479734][bookmark: _Toc147091273]Capacity building
The current capacity is not sufficient to meet increasing demand on power generation from minigrids. There is a need to invest in capacity building programmes in various levels that will help to build a cadre of expertise knowledgeable in minigrids. This should go hand on with impartation of vocation and entrepreneurships skills. Interestingly, participants suggested that there is a need to bring together training institutions and minigrids developers to discuss on how they can develop tailored training that may be used a vehicle to spearhead knowledge and skills on minigrids. 
Cost of investment
Most materials are imported and not locally available – expertise / high skilled labour, poor infrastructure. In most cases, developers are required to have collateral so that they can access loans from financial institutions especially banks. - Collateral requirements makes it harder to get funds – poor finance mechanism especially for energy project/ local developers is an  obstacle for smooth and rapid uptake of minigrid projects. Spatial coverage is also another limitation which increases the cost of investment. Most villages are non-centralized which makes it more cost full to expand grids.  Other challenges raised by participants are illustrated in the Table 1

[bookmark: _Toc16518136]Table 1 Challenges in minigrids
	Category
	Example mentioned

	Policy and regulation
	Lack of cooperation between grid and Minigrids

	
	  Lack of information sharing between stakeholders

	
	  Political will

	
	  Monopoly system of electricity provision

	
	  Lack of support from regulatory system

	
	  Lack of access to financial services

	
	  Tariffs are not cost reflective

	Capacity
	 Local capacity –technical capacity (high cost outsourcing) – managerial capacity – business skills (poor management) – planning

	
	  Uncertainty of REA

	
	   Inadequate enforcement

	
	  Data available on minigrids

	Technical issues

	Lack of efficient appliances/technology

	
	Lack of skilled technicians to support technical aspects

	
	Poor mobile communication network

	
	Intermittency of renewable sources, storage is expensive

	
	Climate change

	
	Reliability and stability of minigrids

	
	Ability of minigrids to support small industries

	Social issues
	Low spending on power due to poor economies

	
	Cultural believes

	
	Prior awareness of customers

	
	Long payback period

	
	Poor uptake of energy

	
	Higher upgrading costs to cover all demand



Key opportunities that emerged from the discussion are listed in Table 2
[bookmark: _Toc16518137]Table 2 Opportunities in the minigrids
	Category
	Example mentioned

	Economic
	Minigrids may be used as a source of income generating activities to both users and developers

	
	Huge demand as almost 1 billion people in Africa have no access to electricity power

	
	Huge opportunities in minigrids on PUE

	
	Boosting/attracting other development activities

	
	Potential of powering income generating appliances – could even power industries

	
	There is a big market for Minigrids because 60% of rural Tanzania is not electrified

	
	Cost effective in rural areas

	
	Higher potential to foster rural development

	Technology
	New development of technologies of smart minigrids, smart billing and remote sensing

	
	Green energy technology and sustainable development goals

	
	Hybridizing the minigrids

	
	Opportunities for the technical collages to train /prepare Minigrids expert

	
	Potential to address climate change challenges

	Data and information
	Improved data and information dissemination

	
	More research

	Policy and regulation
	Government support to the sector such as REA and RBF

	
	Integration to main grid

	
	Subsidies from government and development partners



[bookmark: _Toc130225217][bookmark: _Toc130229297][bookmark: _Toc130405534][bookmark: _Toc130479735][bookmark: _Toc147091274]Research needs

Workshop participants were divided into three working groups to discuss research or expertise needed for implementation of minigrid projects. The groups composed of diverse participants a way to allow interdisciplinary thinking and discussion.  A summary of what transpired in each group and their theme is presented below.
[bookmark: _Toc130225218][bookmark: _Toc130229298][bookmark: _Toc130405535][bookmark: _Toc130479736][bookmark: _Toc147091275]Group 1 Financing, capacity building and policy

This group began their discussion on issues around influence of collateral. It was learnt that besides existing system which does not support minigrid developers, there is a need for having courses on project financing in schools and universities. This will perhaps bring a change on the way financial institutions perceive minigrid business. A point was raised on the need to have a link with Tanzania Investment Bank as an avenue to boost financial capital for minigrid. 
It was also emphasized that an assessment should be carried out to know the gap between developers to increase their capacity in developing projects that will be welcomed/supported by banks. The group deliberated on capacity building especially by examining what is already known and by whom. It was realized that project financing is not readily known by many Tanzanians as the current curriculum in schools does not address it. The group pointed out that many of these issues seem to be already known by few groups including local developers, decision makers, banks and academics. Importantly, the group agreed on the need to ensure synchronization as this is more efficient. Multi-sectoral approach for dealing with cross cutting issues such as  capacity development as all departments have to aggregate their insights was also mentioned to be of great importance in enhancing capacity of actors in minigrid business and activities. Scaling up of financial capacity would require availability of appropriate information, and this can be acquired from reports and publications. With respect to financial and capacity building, the group identified a number of research gaps. These include lack of evaluation of capacities of both funding units and developers. There is also lack of knowledge on financers and its impacts on minigrids.  A summary of their deliberations is illustrated in Table 3


[bookmark: _Toc16518138]Table 3 Research needs on issues related to financing, capacity building and policy
	Category
	What is already known
	Agencies/organizations
	Data/reports
	Gaps in research

	Financing
	Limitations to access finance Availability of funds in institutions 
Lack of collaterals by developers 
Poor mechanisms to access loans in banks
	Development partners GCRF, EADB, UNIDO, DFID(UK), Private Investors UNCDF and Banks 

	Information from TAREA, REA and Donor agencies, Report: IFC World Bank Group Tanzania, NBS reports (On renewables), World bank report, EWURA annual report

	· Tanzanian curriculum does not allow formulation of bankable projects
-Guarantee to finance is an issue, how to solve that?  How to finance renewables vs Minigrids projects without such collaterals?
· How Feasible are renewable energy projects? Studying feasibility of renewable energy projects that brings likelihood of projects to be financed


	Policy
	 Policies are not available for renewable energies
Electricity Act 2018 removed TANESCO as the sole supplier of electricity
EURA calling developers to come up with affordable tariffs


	
	
	We do not have Renewable Energy policy




[bookmark: _Toc130225219][bookmark: _Toc130229299][bookmark: _Toc130405536][bookmark: _Toc130479737][bookmark: _Toc147091276]Group 2 Productive and community use
The group began by exploring what is already known and by who as illustrated below
(i) What is known is the definition of these terms but yet there is no clear definition / definition that adhere the environment. (known by academics, Minigrids developers, researchers, capacity building institution such as Germany Agency for Development- Gesellschaft für Internationale Zusammenarbeit (GIZ))
· Productive use: users generate money out of it – it is more than just lighting. – use electricity as a direct input in production of goods and services.
· Community use: there are is an element of public servicing, regulation and monitoring also benefit may be seen after sometime – no direct impact – impacts all the community, has multiplier effects- institutions – hospitals- schools.
(ii) Appliances (known by, Minigrids developers, researchers, manufacturers/suppliers)
(iii) Load limit (developers, Engineers)
(iv) Skill development known by Minigrids developers, researchers, capacity building institution such as TATEDO, DIT, VETA, GIZ etc.)
(v) Impact (demand) of PUE, electricity (developers, REA, development partners such as REA, Energy for impact, rural electrification densification (REDP)

Thereafter the group considered what reports/data/publications are important and came out with a list shown below
· Energy for impact (E4I)
· GIZ report
· Energy change lab
· Factor E, Energia

Next the group highlighted gaps in research
· Sustainability problem on community based Minigrids
· Information on ability to pay for productive use one limited (Information show which villages need electrification but don’t identify at what amount/ quantity do they need.)
· Distinguishing between different types of minigrids ownership-public, self-sustained, community- then see their performance.
· Identification of main economic activities, value adding activities, e.g. UKARA a fish farming which uses electricity from the Minigrids
· Minigrids to address the challenges in the community rather than being a profit oriented – in absence of capacity building uptake to the community won’t be good.
· Efficient appliances that are adequate for Minigrids but then there is no enough capital

This was followed by what is needed for different groups such as communities, minigrids companies etc.
Communities
· Accessible and affordable loans
· Affordable and reliable power
· Technical support and access to efficient appliances
· People centered energy system
Minigrids companies
· Understand the needs of the community they service – example community need water pump and the company brings a welding machine
· Business and market intelligence in relation to PUE
· Capacity building institutions to bridge skills
· Favorable policies and regulations
· Increase revenues
NGO’s
· Project funding on PUE
· Skills on PUE
Government/REA
· Data for planning and taxation 
· Impact of PUE
· Employment opportunities created
· More job created 
· Planning purposes

Next the group pondered on what expertise and experience was in the room
· Powergen- PUE business model- water pump, chicken incubators, welding – power system design and installations, site survey and selection, customer management.
· Financing pf PUE appliances
· Energy change lab- developed business models on PUE – Prototype and build capacity to user, final mile distribution, appliances for vocation and trainings.
· PUE on standalone grid for business - solar for tailoring, ICT – Bernard Okech
· Energy auditing, information sharing on PUE –TATEDO
· Research on identifying a demand user and programming – Nelson Mandela
· St. John university of Tanzania – study mobilizing social aspect on PUE in Tanzania

Along with, the group attempted to map other actors who are also doing research or has expertise in these area. Their list is provided below: 
· Powergen
· St. John university 
· CEFA
· Jon Leary – Modern Electric Cooking Services
· Arts
· Energy for impact
· Energy for change lab
· Factor E
· Agsol
· Power corner
· PUE WhatsApp group
· Sapon limited 
· Nelson Mandela university
· Posho mills -SIDO

Who are also working together
· Sapon and Agsol
· Power corner and energy change lab
· Energy for impact and REA
· Tatedo and Powergen

Ongoing project
· Solar milling machine testing
· Watergen –Powergen
· Smart/modern cooking –MECS
· Pressure cooking
[bookmark: _Toc130225220][bookmark: _Toc130229300][bookmark: _Toc130405537][bookmark: _Toc130479738][bookmark: _Toc147091277]Group 3 Hybrid minigrids and technology
This group discussed the technical challenges around minigrids, with a focus on the potential for hybrid minigrids (which use a combination of energy sources – such as solar, wind, diesel or biomass).
1. What is already known? By who?
· Knowledge is available
· It is globally known as well as emerging technology
In Tanzania the technology is known by experts in electrical engineering at various institutions, (TATEDO, University of Dar es Salaam, Dar es Salaam Institute of Technology) and by developers. 
2. What reports/data/publications are important?
· Data can be available in various sources like TANESCO, REA, TAREA, and NBS
3. Minigrids data such as capacity of the plant, customer demand What are the gaps in research?
· Challenges related to control-voltage, power quality. How can you use control to meet demand?
· How can hybrid systems be used to minimize storage needs?
· How to use smart Minigrids to monitor demand/quality, and to plan future systems?
· Does equipment work as design on the ground?
· How to judge customer demand and how to plan for expansion of capacity?
Research topics
· Optimization topics
· Integration topics
· Control Issues
· Assessment of knowledge 
4. What is needed for different groups-(Communities, minigrids companies, NGOs, REA, Government)
· Awareness for both communities and developers i.e. they should have knowledge 
· Fund provision
· Implementable master plan-REA
· Government should have political will especially provision of incentives
· Collaboration-NGOs
5. What experience and expertise in the room?
· Research related to Integration of renewable energy based power plant
· Design, Installation and operation of Minigrids
· Gender mainstreaming in Renewable energy
· Marketing and Campaigning
· Economic and Renewable energy
6. Who else is doing research or has expertise in these areas?
· Solar treatment of Biomass for power generation using carbon flurries in hybrid renewable energy system
· Education for Renewable-Establishment of renewable energy technology center
· Semi-transparent building integrated PVs (BIPV)
· Minigrids for rural electrification in district
· Electrification of Kibindu village using solar generator and biomass, Hybrid Minigrids
7. Who is already working together?
· DIT and TATEDO











[bookmark: _Toc130225221][bookmark: _Toc130229301][bookmark: _Toc130405538][bookmark: _Toc130479739][bookmark: _Toc147091278]Research proposals

One objectives of the workshop was to prepare research proposals to be considered for submission in calls related to energy research. Workshop participants were informed of a recent call of proposals made by the UK based funding agency. This task was performed in smaller groups. Hannah gave out instructions on how this task could be achieved. In small groups, participants were asked to develop a range of research proposals that could entail collaborative research, paper/publication (minimal funding input), 2-year post-doc (single researcher) project (low/medium funding input). It was explained that GCRF call funding bid entails high funding input and a proposal coming from different organisations may suit well this call. Each proposal should include research activities, potential collaborators and budget. The aim being to discover and understand ideas behind every expertise in the room. 
[bookmark: _Toc130225222][bookmark: _Toc130229302][bookmark: _Toc130405539][bookmark: _Toc130479740][bookmark: _Toc147091279]Group 1: Research proposal on productive and community use 
The first group focused on the research question: ‘why some community are successful while others are not’
Discussion areas centred on:
· What are the key success factors?
· Identify productive use/ economic activities/ value addition or oil construction from sunflowers, water use.
· Homogeneity of the society/community – ability to pay- monitoring- institution analysis.
· Community based – example Usangu –land owners –large areas- traditional and cultural institutions, local government, demographic factors that exist in the areas have a large influence in the development of these grids or direct impact to the society behaviors electricity or service. 
· Social economic factors/activities- interaction between people from villages/communities.
· Assess developers- approaches towards implementation of their goal
· Mobilization of social capital towards productive use (ongoing research with prof. Maganga.)
· Transformation of poverty and property rights another project with prof.
· The type of community involved in the grid- social capital available.
· WRI
Aims of the research
· Identify Minigrids available- what they do etc.
· Identify factors or success criteria- the development of these criteria may be raised from areas like phrase based projects, cost recovery, PUE, community need and concern on the uses of energy, management, planning and implementations, subsidies etc.
· What productive use requires/ uses energy?
· Role of PUE towards success of the project (minigrid performance).
Activities needed to comprehend this research question.
· Literature reviews
· Primary and secondary consultation from various stakeholders- websites, publications, institutions, developers
· Identification of characteristics/parameters/performance of the successful Minigrids
Concerns
· It is important to consider the end users to help developers to come up with the best designs and business models.
· Effect of power and what would happen if Minigrids is not there.
Collaborators/ research partners
· Minigrids developers
· Relevant NGO’s (TATEDO, CEFA etc.)
· Academic (UDSM, DIT, NMIST, ST. JOHN)
· Private sector
· Government
· Members of this group.
A summary of the proposal including reference to how it will address economic development/welfare :
A number of minigrids are established some are public, some are private and some are donor funded projects. This research aims at identify and understanding key success factors for minigrid operation in Tanzania. Taking into consideration the PUE research will look into how these (success) factors affects the productive and community use of energy by the society. The knowledge generated will help developers to build sustainable grids which will in turn continue to improve the economic and welfare of the community involved.
Existing knowledge.
· The number of Minigrids in the country – EWURA, REA, TATEDO
· Technical specification of Minigrids, business models on Minigrids and PUE (energy for impact are the one with this kind of information)
· Information on productive use- developers
· Local community – on the performance of the grid and it is important to consider both who are connected and those not connected
· District, local government, actual households’ demographic data.
Expected Impact of these project
· Stimulate investment- offer information’s important for the developers to develop better models
· Useful for policy makers
· Community development taking into account the use of energy
· Economic development – job creation – revenue from more taxes
· Will definitely benefit the scholars and other researchers of interest into this research topic or area
[bookmark: _Toc16518139]Table 4 Estimated Budget for proposal on productive and community use 
	Item
	Cost
	Quantity
	Total

	Stationaries
	1,300,000
	18
	23,400,000

	Traveling
	3,000,000
	18
	54,000,000

	Salary
	3,000,000
	18
	54,000,000

	Communication
	2,000,000
	18
	36,000,000

	Workshop and meetings
	2,000,000
	10
	20,000,000

	Internet
	100,000
	18
	1,800,000

	Accommodation
	100,000
	18
	1,800,000

	Total
	
	
	191,000,000



Gender issues associated with the research proposal
On PUE- on the impact side
· Areas to look into- activities such as water pump – reduce distance women have to travel every day to fetch water.
· With electricity will give chance to girls to study at evening hours to compensate the time they waste doing home activities such as take care of their young ones, wash dishes, during day time.
· Supporting women entrepreneurs by training them on productive use.
[bookmark: _Toc130225223][bookmark: _Toc130229303][bookmark: _Toc130405540][bookmark: _Toc130479741][bookmark: _Toc147091280]Group 2: Financing

This specific group worked on two the research proposals. The first one was entitled effect of collaterals on minigrids financing.
Research Questions: How collateral securities affect minigrids project financing?
Research aims:
1. To assess types of collaterals acceptable to financial institutions for Minigrids projects
1. To assess bankers understanding on Minigrids investment as a bankable project
1. To assess developers understanding on Minigrids bankable projects
1. To explore other guarantors I.e. development partners, government agencies etc.
Key research activities:
1. Identification of relevant financial institutions, developers, government agencies and development partners to source data from them
1. Literature review
1. Data collection
1. Data analysis and processing
1. Feedback preparation through report formulation
Collaborators/ research partners:
· Bankers
· Minigrids developers
· Officials from the governmental departments like REA in Tanzania.
Summary of a proposal:
· Renewable Energy Minigrids has great potential on rural electrification in off grid as well as grid areas which suffers from series of power cut frequently or voltage drop. 
· Minigrids will contribute to efforts on climate change mitigation as it checks on carbon foot prints and carbon emissions.
· Off grid areas will experience an increase in their economic activities as electricity supply increase not only working hours but also list and capacity of variety of activities and thereby has its implication on wellbeing by strengthening value to services like health and education apart from usual economic activities.
Existing knowledge/experience relevant to this project and those who has:
· Undisbursed donor funds i.e. DFID -5 Million pounds
· Currently undisbursed 8 Million Dollars in BOA (Bank of Africa-Tanzania). Money from AFD under SUNREF project
· Currently undisbursed RBF managed by TIB (Tanzania Investment Bank)- REA
Expected Impact of the project, by considering direct and longer term impacts 
· Documented knowledge on acceptable collateral to Financial Institutions on renewable energy Minigrids projects
· Documented knowledge on gap of Financial Institutions on Renewable energy Minigrids developers about acceptable collaterals and eye-marking areas on capacity building
· Documented available guarantors for Renewable energy Minigrids projects.
[bookmark: _Toc16518140]Table5 Estimated budget for proposal on effect of collaterals on minigrids financing 
	S/NO
	ITEM
	COST(£)
	QUANTITY
	TOTAL(£)

	1
	Internet Expenses
	50
	2
	100

	2
	Transportation Expenditures
	100
	2
	200

	3
	Consumables
	150
	2
	300

	4
	Subsistence Allowance
	50
	16
	800

	5
	Stakeholders workshop
	400
	2
	800

	6
	Contingencies (5%)
	2200
	5%
	110

	7
	Overhead(20%)
	2200
	20%
	440

	
	TOTAL
	2750



Collaborators/ Research partners
· Academicians 
· MUST (Mbeya University of Science and Technology)-Emmanuel A Mwangoma
· UDSM (University of Dar es salaam)-Elia A Simfukwe
· Banks
· CRDB Bank
· BOA Tanzania
· Azania Bank
· TIB
· Government Agencies
· REA
· ME
· Development partners
· EDPG (Energy Development Partner Group- Tanzania)
· PFAN (Private Financing Advisor Network)-Phil Msuya_country coordinator
· Renewable Energy developers
· Powergen- Joseph Kipunda
· Energy for the Future- Thomas P. Mkunda
· RE Developer Technical personnel
· FREELANCE- Steven Chaula
Gender consideration:
The research project will consider gender balanced involvement during implementation which will include men and women researchers and key informants.
Their second research proposal was: Knowledge gap among minigrids stakeholders
Research Questions:
· How significant is the knowledge gap in renewable energy sector (minigrids) for financial institutions and developers?
Research aims:
· To assess if developers have capability to prepare bankable RE project particularly minigrid project
· To assess an understanding on RE project financing
· To assess curriculum or trainings coverage on knowledge on 
Key research activities:
· Identification of relevant financial institutions, developers, government agencies and development partners to source data from them
· Literature review
· Data collection
· Data analysis and processing
· Feedback preparation through report formulation
Collaborators/ research partners:
· Academic Institutions: DIT, MUST, UDSM-DAEB (Department of Agricultural Economics and Business), Mandela University(Arusha)
Summary of a proposal:
· Minigrid project financing by financial institution in Tanzania have not performed well despite availability of financing schemes. This proposal is aiming at assessment of knowledge gap between developers and financial institutions. The knowledge gap that will be explored will provide baseline data to address the existing challenges for minigrid developers to access finances.  Once knowledge gap has reduced minigrid financing will have significant impact on improving investment and therefore increasing productive use of renewable energy through electrification of most remote areas to supplement the grid which is not enough source in Tanzania
Existing knowledge/experience relevant to this project and those who has:
· Undisbursed donor funds i.e. DFID -5 Million pounds
· Currently undisbursed 8 Million Dollars in BOA (Bank of Africa-Tanzania). Money from AFD under SUNREF project
· Currently undisbursed RBF managed by TIB (Tanzania Investment Bank)- REA
Expected Impact of the project, by considering direct and longer term impacts 
· Documented knowledge on acceptable collateral to Financial Institutions on renewable energy minigrid projects
· Documented knowledge on gap of Financial Institutions on Renewable energy minigrid developers about acceptable collaterals and eye-marking areas on capacity building
· Documented available guarantors for Renewable energy minigrid projects.
[bookmark: _Toc16518141]Table 6 Estimated budget for proposal on knowledge gap among minigrids stakeholders 
	S/NO
	ITEM
	COST(£)
	QUANTITY
	TOTAL(£)

	1
	Transport to all Dar es salaam stakeholders
	          500 
	          15 
	7,500

	2
	Transport to all Arusha stakeholders (POWERGEN…)
	          600 
	            5 
	3,000

	3
	Transport to Mbeya(MUST)
	          600 
	            5 
	3,000

	4
	Internet and airtime
	            50 
	          24 
	1,200

	5
	Stationaries
	       1,000 
	            2 
	2,000

	6
	Subsistence Allowance
	       2,500 
	          24 
	60,000

	7
	Stakeholders meeting
	       2,000 
	            5 
	10,000

	8
	Contingencies (5%)
	 
	 
	4,335

	9
	Overhead(20%)
	 
	 
	17,340

	
	TOTAL
	108,375



Collaborators/ Research partners
· Academics
· UDSM (University of Dar es salaam)
· MUST (Mbeya University of Science and Technology)-
·  NELSON MANDELA UNIVERSITY   
· Financial Institutions
· TIB (Tanzania Investment Bank), Azania Bank, BOA (Bank of Africa), CRDB
· Developers
· ENSOL, POWERGEN, TATEDO, ENERGY FOR THE FUTURE
Gender aspect on the project:
The research project will consider gender balanced involvement during implementation which will include men and women researchers and key informants.
Since the project is about capacity building, and there have been insignificant direct female involvement in minigrid projects, hence it will be of our interest to evaluate the following
· Why there have been very small women involvement in minigrid projects in Tanzania?
Assessment of challenges women face to engage themselves in these projects will need to be addressed for promotion of women, this is will direct us on strategies of upholding women by empowering them to take chances in opportunities available in minigrid projects.
[bookmark: _Toc130225224][bookmark: _Toc130229304][bookmark: _Toc130405541][bookmark: _Toc130479742][bookmark: _Toc147091281]Group 3: Hybrid electricity Research Proposal

Research questions
· Challenges related to control-voltage, power quality. How can you use control to meet demand?
· How can hybrid systems be used to minimize storage needs?
· How to use smart Minigrids to monitor demand/quality, and to plan future systems?
· Does equipment work as design on the ground?
· How to judge customer demand and how to plan for expansion of capacity?
Research title: Development of Flexible Sustainable Micro grids through Scalable Hybrid renewable energy system
Research aims: 
· Modern energy distribution in remotely rural area of Tanzania
· The research has integrated approach to ensure stability, reliability and sustainability of energy supply to meets diverse community energy needs and resilient to natural hazards.
· We will achieve this by designing the scalable hybrids renewable electric energy infrastructure based in novel control methodology in cooperating real time operation strategies and sustainable generation at the design stage to minimize the capital cost while maintaining sustainability.
Key research activities
· Designing of flexible and scalable hybrids renewable energy based micro-grids
· Micro-grid designing meeting community resources and socio-economic aspirations.
· Sustainable and resilient energy generation.
Collaborators/ research partners
· NGOs
· Research Institutions; University of Dar es Salaam (UDSM)-Tanzania, Dar es Salaam Institute Technology (DIT)-Tanzania, University of Marian Ngouabi-Congo Brazzaville
· Industrial partners, ENSOL (T) Ltd, NGESN, TATEDO, JUMEME, UK Partners

The project aims to increase the volume of power generation and enhance quality in term of voltage magnitude and frequency. The expected power supply is also intended to meet the growing economic activities that are emerging including diversified economic activities. The essence is to align with national development strategy as stipulated in the 2025 vision.

What is the existing knowledge/experience relevant to this project? Who has this?
· Knowledge on micro grids is available. Previous projects and research activities have yield rich information that will provide baseline for the planned project. Both UDSM (Dr Robert Katikiro) and DIT (Dr Consalva Msigwa) have long experience on renewable energy including the technology, economic, marketing and social aspect of energy. The project is expected to benefit from diverse and rich knowledge of the UK partners.
What is the expected impact of this project? Consider both direct impacts and longer term.
· Economic impacts
· Longer working hours
· Improved banking services
· More PUE activities
· Social Impacts
· Quality education
· Improved community services
· Improved security
· Attracts investors
· Improved water security
· Environmental friendly
· Improved health services
[bookmark: _Toc16518142]Table 7 Estimated budget for proposal on hybrid electricity 
	Item
	Cost
	Quantity
	Total

	Postdoc student sheep
	
	
	

	1. Fees
	6000
	2
	12,000

	2. Stipend/month
	12,000/2 years
	2
	24,000

	3. Field research
	6000/2 years
	2
	12,000

	
	
	
	

	
	
	
	

	
	
	
	




[bookmark: _Toc130225225][bookmark: _Toc130229305][bookmark: _Toc130405542][bookmark: _Toc130479743][bookmark: _Toc147091282]Feedback from the workshop

Participants were issued with questionnaires to evaluate the workshop. Many workshop participants commented that they workshop was useful and relevant in minigrid research in Tanzania. They expressed their satisfaction with contents of the workshop and how it was structured. A vast majority of participants agreed that they were able to initiate network and got knowledge of what activities around minigrid are currently taking place in Tanzania. Indeed, they reported that this workshop acted as a platform for future collaborations including preparation of joint projects including the one prepared through group works.  Overall, many opinions and reactions about the workshop were positive including emphasis on increasing professional integration as a way to boost minigrid research and activities in Tanzania. Participants remarked on the importance of fostering collaborations with international organizations as a way to increase capacity of local actors and institutions. 

[bookmark: _Toc130225226][bookmark: _Toc130229306][bookmark: _Toc130405543][bookmark: _Toc130479744][bookmark: _Toc147091283]Annex
[bookmark: _Toc130225227][bookmark: _Toc130229307][bookmark: _Toc130405544][bookmark: _Toc130479745][bookmark: _Toc147091284]Workshop participants

	No
	Name
	Affiliation
	Email

	1
	Emmanuel Anosisye  Mwangomo
	Mbeya University  of  Science and Technology
	 emwangomo@gmail.com 

	2
	Prof. Faustin Maganga
	St. John's University of Tanzania

	fpmaganga@gmail.com 

	3
	Frederick Mushi 
	Energy Change Lab
	fmushi@energychangelab.org 

	4
	Dr. Consalva Msigwa
	Dar es Salaam Institute of Technology
	msigwaj34@gmail.com 

	5
	Thomas Patrick Mkunda
	Energy for the Future 

	tpatrick.mkunda@gmail.com

	6
	Mary Swai
	TATEDO
	mary.swai@tatedo.org

	7
	Dr. Robert Katikiro
	University of Dar es Salaam
	katikiro@udsm.ac.tz 

	8
	Benedicto Joseph
	St Joseph University in Tanzania (SJUIT)

	josephb@nm-aist.ac.tz 


	9
	Egberth Bashweka

	ENSOL T Ltd 

	egberthbashweka@gmail.com 


	10
	Godiana Philipo

	Nelson Mandela African Institution of Science and Technology

	philipog@nm-aist.ac.tz 


	11
	Hannah Mottram
	University of Sheffield
	hfmottram1@sheffield.ac.uk 

	12
	Theresia Mroso
	University of Dar es Salaam
	Siadollo5@gmail.com

	13
	Elia Simfukwe
	University of Dar es Salaam
	simfukweelia@gmail.com 

	14
	Ikupa Partson
	University of Dar es Salaam
	ikupapatson22@gmail.com 

	15
	Benard Okech
	Sepon Limited

	benokech2008@gmail.com 

	16
	Eliud Mjuni
	PowerGen
	emjuni@powergen-re.com 


	17
	Hezron Kajange 
	National Gender and Energy Network
	ngsen2014@yahoo.com 

	18
	Dr. Aloyce Hepelwa 
	University of Dar es Salaam
	 ahepelwa@yahoo.com 

	19
	Steven Chalua
	Independent consultant
	stevemdonya@gmail.com 

	20
	Godfrey Edward
	PowerGen
	gedward@powergen-re.com 

	21
	Phil M Suya
	Private Financing and Advisory Network (PFAN)

	
pmsuya@icloud.com


	22
	Joseph Kidunda
	PowerGen
	jkidunda@powergen-re.com



[bookmark: _Toc130225228][bookmark: _Toc130229308][bookmark: _Toc130405545][bookmark: _Toc130479746][bookmark: _Toc147091285]Workshop Agenda



	
	Time
	Details
	Outputs

	Arrival
	8:30 – 9:00 
	
	

	Introductions
	9:00 – 9:30 
	All
	

	Background to GCRF Project
	9:30 – 9:50 
	Hannah Mottram (University of Sheffield)
	

	Research needs in Tanzania - introduction
	9:50 – 10:30 
	Robert Katikiro (UDSM)
Mary Swai (TaTEDO)
	Identifying existing sources of information/knowledge

	Research expertise at University of Sheffield and UK
	10:30 – 10:45 
	Hannah Mottram
	

	Coffee break
	10:45 – 11:15
	
	

	What are the challenges and opportunities around minigrids in Tanzania?
	11:15 – 13:00
	Pairs/small group discussions – pass sheets around so people add to each other’s ideas
	List of potential research topics

	Lunch
	13:00 – 14:00
	
	

	What expertise/research is needed?
	14:00 – 15:30
	Identifying knowledge gaps, research questions, focus on transdisciplinary approaches
	Topics formulated into research questions

	Who has this expertise?

	15:30 – 16:30
	Identifying who could work together
	Stakeholder/knowledge mapping

	Wrap up day 1
	16:30 – 17:00
	
	



	Arrival
	8:30 – 9:00am 
	
	

	Re-cap from day 1
	9:00 – 9:30 am
	
	

	Preparing research proposals
	9:30 – 11:30am
	Developing a research proposal based on GCRF call, a framework for a paper, or based on 2 year post-doc funding
	Resources that could help prepare bids quicker – eg budgets (costs for time, travel, meetings etc).



	Presentation of research proposals
	11:30 – 13:00
	Individuals/groups to present their ideas for research with discussion
	Feedback on ideas

	Lunch
	13:00 – 14:00
	
	

	Looking ahead
	14:00 – 15:00
	
	Agreed next steps

	Close
	15:00 – 16:00
	
	

	
	
	
	






[bookmark: _Toc130225229][bookmark: _Toc130479747][bookmark: _Toc147091286]3.7. How to design successful minigrids for rural communities – resource (English, also produced in Swahili)
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a. [bookmark: _Toc147091287]Outputs from participatory research (2019)

In this section I present the outputs from the participatory activities. These outputs have also informed the analysis in Chapters 6, 7 and 8. 
1.1. [bookmark: _Toc118734295][bookmark: _Toc129797680][bookmark: _Toc147091288]Group A - Understanding energy
At the end of the workshop, each of the five sub-groups discussed a way that they could share what they had learnt. As a whole, the group were proud that they could now be ‘Mabalozi wa Nishati’, or energy ambassadors, and educate their community about energy. The five groups were: meetings & posters, art, entrepreneurs, workshop and meetings. Outputs from Group A were used to inform the Group C activity – creating posters, in 2020. 

1.1.1. [bookmark: _Toc118734296][bookmark: _Toc129797681][bookmark: _Toc147091289]Meetings & posters  
The sub-group wanted to increase awareness of the benefits of electricity, such as avoiding the use of kerosene lamps, improved knowledge local and global news and being able to start small businesses. They wanted to teach people about what energy is, and the different forms. The participants were interested in sharing what they had learnt about clean and dirty energy and were proud that their energy system uses clean energy. 
1.1.2. [bookmark: _Toc118734297][bookmark: _Toc129797682][bookmark: _Toc147091290]Art 
The sub-group appreciated how EnSol had brought light and has helped boost the economy. They wanted to educate people about clean energy, rather than using kerosene for lighting which is bad for health. 
 (
“What is the meaning of energy? Why do you use kerosene?”
“I use kerosene since birth. I found kerosene used by our ancestors for light placed into a lamp”
“Ooh? Change Mother, use EnSol electricity because they have come to wake us up by bringing us affordable electricity service.”
“Okay tell me the benefit of it and how do I get these services?”
“Ooh, let me tell you the benefits of this electricity, first when you connect you will have light in your home, you will charge your phone, use radio and Television, cook by using electric stove, and can make juice using this electricity.”
“Thank you for this education, starting today am going to connect to EnSol electricity.”
A woman is walking toward the EnSol office to meet with EnSol’s worker.
“Ooh mom welcome, what can we help?”
 “Thank you, am here I need to connect electricity to my house.”
“Welcome Mom, you’re supposed to fill in this form is TZS 35000 then our company provide one month offer.”
)They prepared a short play which they presented to the group:
1.1.3. [bookmark: _Toc118734298][bookmark: _Toc129797683][bookmark: _Toc147091291]Entrepreneurs
The sub-group wanted to raise awareness of business skills and give education on energy to people in their community. They wanted to share what they have learnt about different appliances such as blenders, sewing machines, TVs and fridges. They wanted to give advice to researchers and companies that people need more education and training on appliances such as milling, grinding and welding machines, but they needed more information from EnSol about what appliances could be used. Poverty is a big problem, so they asked about sponsors and needing microfinancing.  
1.1.4. [bookmark: _Toc118734299][bookmark: _Toc129797684][bookmark: _Toc147091292]Workshop 
The sub-group wanted to share what they had learnt on solar energy, uses of electricity, how to connect to the minigrid, the importance of clean energy, and about the dangers of electricity through community workshops. They would share what they have learnt about how to use a blender and a sewing machine, and the dangers of using DC appliances with an AC connection. 
1.1.5. [bookmark: _Toc118734300][bookmark: _Toc129797685][bookmark: _Toc147091293]Meetings
The sub-group wanted to hold a meeting to educate people in the village on electricity uses, benefits of electricity and challenges. They wanted to offer more education on how to use electricity safely and efficiently. They thought it was important to help people to understand the difference between Energy Daily Allowance and units on the LUKU system. 
1.2. [bookmark: _Toc118734301][bookmark: _Toc129797686][bookmark: _Toc147091294]Group B - Research skills
Although we started the workshop talking about what questions they had about energy use, participants had the freedom to use the skills they had learnt to research any issue in their community. The topics sub-groups chose to research were: poverty; water & firewood; children’s education; energy awareness; and businesses.  Each sub-group wrote a letter to share what they had found. These letters were shared with EnSol and the village management team. Some of the groups received good responses to their letters, such as being able to have meetings to discuss their concerns. Participants also felt like learning the skills meant they could research and advocate about other issues in the community. The sub-group who looked at water worked with the village committee to provide better guidance to the community about how and where to get safe water. 

1.2.1. [bookmark: _Toc118734302][bookmark: _Toc129797687][bookmark: _Toc147091295]Poverty 
 (
Dear EnSol
REF; 
Ask for electrical appliances from EnSol.
We are poverty researcher in impale, we are 5 in number
We have found that the villagers are not able to buy electrical appliances so we ask you to give us grinding machine, blender, fridge, and wooden machine. When get that equipment’s our community will benefit from production service
 I hope our requests will be addressed
Poverty researchers
Mpale.
)The sub-group’s research question was ‘is electricity a source of poverty in our society?’ They were interested in the potential negative impacts of electricity, due to the high costs. They found lots of people wanted to switch to the LUKU (pay as you go) system, but they knew that EnSol were reluctant to do this. They decided to write to a letter to EnSol asking for appliances that could be used to earn income. 

1.2.2. [bookmark: _Toc118734303][bookmark: _Toc129797688][bookmark: _Toc147091296]Water and cooking
 (
Dear Village Officers. 
REF: Research into firewood and water.
We the research team of firewood and water. We have qualified training through Hannah and Theresia. We are grateful for the research.
We have found some challenges which the community facing toward the use of water and firewood
  Those challenges are;
Water is very far away from the residence and during summer (dry season) tend to dry
Water is not safe for human consumption
We walk a long distance to get wood. We are walking up to 8hours to get wood and we are facing many challenges on the way example snakes, thorn and stumps
We ask the government to cooperate with the EnSol to reduce electricity price so that we can be able to use electricity stove. 
We wish for good implementation.
Group number 4
Thank you 
)The sub-group wanted to find out about issues in the community about water and cooking, as these were issues not currently addressed by the electricity project. They found that people were concerned about the safety of water and the availability of firewood. Collecting firewood is a very time-intensive activity for women and children, and they are at risk of accidents and being harmed by animals, as well as injuries from carrying heavy loads. Using unsafe water leads to vomiting and diarrhoea. They were interested in the idea of using electricity for cooking but thought that the prices were prohibitive. 

1.2.3. [bookmark: _Toc129797689][bookmark: _Toc147091297]Energy awareness
The sub-group’s research question was:  Is a lack of education on energy the reason why the people are not using electricity? They found that people’s income is the main factor that hinders people from connecting to the minigrid. For businesses, a lack of education and awareness was a barrier to innovation. The sub-group identified businesses whose income has increased because of electricity, but found that electricity doesn’t meet demand for milling machines. They found the people like the system, but would prefer to have the LUKU tariff (pay as you go). People also requested REA to come to the village so there would be competition. Some people they spoke to were not ready to change, so would benefit from education of energy and electricity. 
[image: A person writing on a piece of paper
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[bookmark: _Toc126066360][bookmark: _Toc130479794]Figure 38 Groups letter on energy awareness

 (
Council Director
Korogwe
    RE: Information on energy research-lack of energy education is the reason why the community don’t use electricity?
We are a research group of electricity here Mpale. We have done interviews with various groups (those who are using electricity and those who are not using electricity).in the interview we find the following challenges
I.
Poverty is the problem for the community that makes us fail to use electricity
II.
Lack of energy education is the problem because the community fail to use electricity for development
III.
There are traders whose income has increased due to the profit they are getting from using electricity
IV.
We would like to cooperate to find various banks to get cheap loan
V.
We need government support to get reliable electricity example REA
VI.
Also looking for various seminars and organizations that will benefit our community
We are group number 1 Mpale
Thank you
)
1.2.4. [bookmark: _Toc118734305][bookmark: _Toc129797690][bookmark: _Toc147091298]Businesses
The business sub-group wanted to find out the impact of electrification on businesses, and what challenges businesses face. Their research questions were:
· Do businesses benefit from the minigrid project?
· Has being connected to the project increased profits?
· Is being connected to the project a way of attracting customers?
· What other challenges do you face?
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[bookmark: _Toc126066361][bookmark: _Toc130479795]Figure 39 Business Group working on their letter
 (
EnSol
  REF: 
To give feedback on business research we did.
We are business researchers who have qualified training from Miss Hannah from England.
From our research we were able to visit some of the businessmen who are using electricity and we find some of the challenges they are facing in their business.
In our discussion with them we found out that many businessmen their capital is very small to the extent that they cannot use electricity for their business instead they use it for domestic use.
Also we have found that EDA tend to end while units still exist, this is due to do not know how much electricity we are using per month because of high electricity payment.
We suggest the EnSol project to change the package system and set the system of Luku because this system may change our development.
)The sub-group found that most businesses have low capital, so most people are only able to use electricity for domestic uses.  People with shops profited from the ability to charge phones, cool drinks and use lights. Other businesses, such as people selling maandazi (bread) have low incomes and are unable to  pay their bills, nor use electricity to improve their business. They don’t like the EDA system as the units run out, and they would prefer to have LUKU (pay as you go). A major challenge for businesses is poor transportation between Korogwe and the village.

1.2.5. [bookmark: _Toc118734306][bookmark: _Toc129797691][bookmark: _Toc147091299]Children’s education
 (
Executive chairman Mpale village
REF: Ask for session with your government and ward councillor
We are Mpale research group that we have our number of five people. We are asking for a meeting with you so that we can tell you the challenges that our school has.
We have done research in our school and we have the challenges such as:
I.
Shortage of teachers
II.
Large number of children in small class
III.
Deficit of materials to teach
IV.
Deficit classes
V.
Absence of students
VI.
The distance from school to home
These are the main reason for poor performance of our school in the village. We are grateful if we will be together so that we can discuss and find solutions to these problems.
Thank you
)This sub-group’s initial research question was ‘do children without electricity perform less well in class?’ In the course of their research they found out other issues related to education that they wanted to raise with the village chairperson. They found that electricity has helped children to study at night, but not all homes have access. Children without access to electricity at home felt they didn’t perform as well as they couldn’t study. Access to electricity can have a negative impact as children can spend time watch TV, including shows that aren’t suitable for their age. Wider issues included lack of equipment and resources in schools, low attendance and poor health of children
2


[bookmark: _Toc130225230][bookmark: _Toc130479748][bookmark: _Toc147091300]Chapter 4 – Community experiences
[bookmark: _Toc130225231][bookmark: _Toc130479749][bookmark: _Toc147091301]4.1. Table of STEEP indicators
	
	Akinyele (2018)
	Islkog & Kjellstrom (2008)
	Rahmann et al (2016)
	Katre and Tozzi (2018)

	Social
	Community Engagement
	Number of streetlights per 1000 population
	Equity and affordability
	Household electricity expenses ($/kWh), % community electrified, perceived affordability (%)
	Household wellbeing (education, health, safety& wellbeing, woman independence)

	
	Awareness of energy uses
	Micro credit for electricity connection
	Community development (economic activities and community objectives)
	Number of new direct jobs, perceived development due to microgrid (%)
	Community connectedness (unity and connection, community activities)

	
	Project ownership
	Share of population with primary education %
	Provision for health services
	Training sessions on using electricity safely (hrs, perceptions in health improvements (%)
	

	
	Installation skills
	Share of population with access to electricity %
	Community engagement
	Attendance at meetings, community engagement in O&M, community satisfaction (%)
	

	
	Preliminary surveys
	Distribution of electricity client households in income groups, % in higher income categories
	
	
	

	
	Education on maintenance and efficiency of appliances
	Subsidies offered for electricity services, USD/kWh
	
	
	

	
	Security of infrastructure
	
	
	
	

	Technical
	Appropriate design
	Conformance with national standards for transmission/distribution and client installations
	Energy efficiency (system and customer usage)
	Distribution network losses, comparison between household consumption + regional, capacity factor
	Domestic supply (capacity, duration, reliability, quality, legality, safety, affordability)

	
	Maintenance procedures
	Technical losses, %
	Use of fossil fuels
	Ratio between renewable and fossil fuel
	Public lighting

	
	Local skilled practitioners
	Daily operation service, %
	Reliability and power quality
	Voltage deviation, frequency deviation, hours without energy, perceived reliability (%)
	Domestic consumption

	
	Conformity to International Standard Codes
	Availability of services, %
	Project management
	Compliance to maintenance plan, mean time to repair fault
	

	
	Quality of materials
	
	
	
	

	
	Knowledge of renewable energy context
	
	
	
	

	
	Monitoring systems
	
	
	
	

	
	Project management
	
	
	
	

	Economic
	Government financial support
	Profitability, %
	Level of investment
	Investment, stakeholder perceptions about profits
	Model sustenance (system functionality, bank reserves)

	
	Financial responsibility
	Operation and maintenance costs USD/kWh
	Operation and maintenance costs
	
	Livelihoods (commercial activities)

	
	Financial frameworks
	Capital and installation costs USD/kWh
	Fuel costs
	
	

	
	Revenue generation
	Share of profit re-invested %
	Cost of electricity
	Electricity cost compared to the region, comparison with previous systems
	

	
	Operation and maintenance costs
	Tariff lag, USD/kWh
	
	
	

	
	
	Share of electricity used by businesses %
	
	
	

	
	
	Share of houses using electricity for income generating activities %
	
	
	

	
	
	Number of electric service organisations
	
	
	

	
	
	
	
	
	

	Environmental
	Energy resources assessment
	Share of renewable energy in production %
	Greenhouse gas emissions
	Perception about pollution, CO2
	Local – indoor air quality

	
	Environmental impact assessments
	Emissions of carbon dioxide from production
	Noise and contamination
	Noise level measurement, waste generated, community perception about noise and contamination (%)
	Global – CO2 emission reduction

	
	Environmental awareness
	Share of households where other energy source for lighting has been replaced
	
	
	

	
	
	Share of electrified households where other energy sources for cooking have been replaced
	
	
	

	
	
	Any serious local environmental impact identified
	
	
	

	Policy/Institutional
	Coordinated policy
	Share of staff and management with appropriate education
	-
	
	Effectiveness of governance (ownership transfer)

	
	Political will
	Degree of local ownership
	
	
	Community involvement (participation in energy meetings, inclusion in local institutions)

	
	Frameworks for private sector
	Number of shareholders
	
	
	User satisfactions (system, streetlights, fairness, governance)

	
	Quality control
	Share of women in staff/management
	
	
	

	
	
	Number of years in business
	
	
	

	
	
	Share of unpaid electrical services
	
	
	

	
	
	Level of satisfaction with energy services
	
	
	

	
	
	Auditing of annual reports
	
	
	









[bookmark: _Toc130225232][bookmark: _Toc130479750][bookmark: _Toc147091302]Chapter 5 - Tariffs
[bookmark: _Toc130225233][bookmark: _Toc130479751][bookmark: _Toc147091303]5.1. Table of tariffs
	Company
	Location
	Project size
	Tariff type
	Cost per month (if relevant)
	Units per month
	Average cost per unit
	Cost per unit (PAYG)
	Cost per unit (metered)
	Day tariff
	Night tariff
	Tariff times
	Tariff - first block (3kW per month)
	Tariff - second block (over 3kW per month)

	EnSol
	Mpale
	48kW solar
	Monthly bundle
	11000
	8.25
	1333
	 
	 
	 
	 
	 
	 
	 

	EnSol
	Mpale
	48kW solar
	Monthly bundle
	20000
	16.5
	1212
	 
	 
	 
	 
	 
	 
	 

	Jumeme
	Bwisya
	 
	PAYG
	 
	 
	 
	3500
	 
	 
	 
	 
	 
	 

	Jumeme
	Bwisya
	 
	Large business tariff
	40000
	 
	
	450
	 
	 
	 
	 
	 
	 

	Jumeme
	Bwisya
	 
	Small business tariff
	 
	 
	 
	 
	 
	2500
	4000
	 
	 
	 

	Jumeme
	Bwisya
	 
	Old tariff - combined
	4000
	 
	 
	1300
	 
	 
	 
	 
	 
	 

	Jumeme
	Bwisya
	 
	Old tariff - flat rate
	10800
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PowerGen
	 
	 
	Block tariff
	 
	 
	 
	 
	 
	 
	 
	 
	4000
	2500

	PowerGen
	Chang’ombe
	16kW solar
	PAYG
	 
	 
	 
	 
	 
	3000
	6000
	6pm - 10am night
	 
	 

	PowerGen
	Leshata
	6kW
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	MVC
	Matembwe
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	MVC
	Matembwe
	 
	Business rate
	 
	 
	 
	270
	 
	 
	 
	 
	 
	 

	Husk/SESCOM
	Kibindu
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Other
	Milongwe
	Hydro
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	LUMAMA/ACRA/CEFA
	Lumama
	Hydro 300kW
	Household
	3000
	 
	 
	0
	 
	 
	 
	 
	 
	 

	LUMAMA/ACRA/CEFA
	Lumama
	Hydro
	Institution
	3000
	 
	 
	300
	 
	 
	 
	 
	 
	 

	LUMAMA/ACRA/CEFA
	Lumama
	Hydro
	Milling
	6000
	 
	 
	400
	 
	 
	 
	 
	 
	 

	LUMAMA/ACRA/CEFA
	Lumama
	Hydro
	Workshop/industry
	6000
	 
	 
	500
	 
	 
	 
	 
	 
	 

	Leganga
	Leganga
	Solar
	Household
	3000
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Leganga
	Leganga
	Solar
	Institution
	5000
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Leganga
	Leganga
	Solar
	Commercial
	5000
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Rift Valley
	Mwenga
	Hydro 4MW
	 
	 
	 
	 
	 
	60
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Tanesco
	National
	 
	LUKU - PAYG
	 
	 
	 
	100
	 
	 
	 
	 
	 
	 

	 
	 
	 
	T1 - 230-400V, over 75kWh
	5520
	 
	 
	306
	 
	 
	 
	 
	 
	 



[bookmark: _Toc130225234][bookmark: _Toc130479752][bookmark: _Toc147091304]5.2. Definitions of monthly usage
	Monthly low use
	Number
	Hours per week
	Watts
	Wh per week
	Time
	Wh Peak
	Wh Off peak
	 
	Wh per month
	Wh per month peak
	Wh per month off peak

	Light
	3
	35
	5
	525
	7pm -midnight
	525
	 
	 
	2250
	2250
	0

	Phone charging
	1
	9
	5
	45
	Variable
	22.5
	22.5
	 
	192.857
	96.4286
	96.4286

	Total
	 
	 
	 
	570
	 
	547.5
	22.5
	 
	2442.86
	2346.43
	96.4286

	Total (kWh)
	 
	 
	 
	0.57
	 
	0.5475
	0.0225
	 
	2.44286
	2.34643
	0.09643

	
	
	
	
	
	
	
	
	
	
	
	

	Monthly mid use
	Number
	Hours per week
	Watts
	Wh per week
	Time
	Wh Peak
	Wh Off peak
	 
	 
	 
	 

	Light 
	4
	35
	5
	700
	7pm - midnight
	700
	 
	 
	3000
	3000
	0

	Light - security
	2
	84
	5
	840
	7pm-7am
	840
	 
	 
	3600
	3600
	0

	Phone charging
	2
	12
	5
	120
	Variable
	60
	60
	 
	514.286
	257.143
	257.143

	TV
	1
	21
	30
	630
	7pm-10pm
	630
	 
	 
	2700
	2700
	0

	Radio
	1
	28
	20
	560
	6am - 8am, 8pm - 10pm
	336
	224
	 
	2400
	1440
	960

	Speakers
	1
	14
	50
	700
	8pm - 10pm
	700
	 
	 
	3000
	3000
	0

	Total
	 
	 
	 
	3550
	 
	3266
	284
	 
	15214.3
	13997.1
	1217.14

	Total (kWh)
	 
	 
	 
	3.55
	 
	3.266
	0.284
	 
	15.2143
	13.9971
	1.21714



[bookmark: _Toc130225235][bookmark: _Toc130479753][bookmark: _Toc147091305]5.3. Spending on energy that has been displaced by electricity
	Reported spending on kerosene and batteries before connecting to solar minigrid - from 2019 surveys in Mpale (TSh)
	

	Kerosene
	Batteries
	Battery charging
	Mobile phone charging
	Total

	3428.571429
	2142.85714
	 
	1714.28571
	7285.71

	5000
	3000
	0
	4800
	12800

	4000
	 
	1200
	3000
	8200

	6428.571429
	 
	2357.14286
	1500
	10285.7

	6000
	 
	 
	1285.71429
	7285.71

	4285.714286
	 
	 
	1500
	5785.71

	3428.571429
	0
	0
	2000
	5428.57

	3428.571429
	2142.85714
	0
	1714.28571
	7285.71

	6000
	2571.42857
	2000
	2000
	12571.4

	10000
	4500
	 
	 
	14500

	2400
	6857.14286
	 
	3000
	12257.1

	6857.142857
	 
	 
	857.142857
	7714.29

	2571.428571
	 
	 
	1714.28571
	4285.71

	 
	 
	 
	 
	8898.9

	


	
	
	
	



5.4. [bookmark: _Toc130225236][bookmark: _Toc130479754][bookmark: _Toc147091306]Annual and monthly electricity costs, and average cost per unit
	Company
	Location
	Project type
	Tariff type
	Annual cost - low use USD
	Annual cost - mid use USD
	Monthly total cost (low use)
	Monthly total cost (mid use)
	Monthly average unit cost (low use)
	Monthly average unit cost (mid use)
	Percentage of poverty income (2 x 49320 per month)
	World Bank standard cost (365 units per year)
	Percentage of low income (2 x 49320 per month)

	PowerGen
	 
	Solar
	Block tariff
	50.98
	221.93
	9771
	42536
	4000
	2796
	9.9%
	1460000
	123.3%

	Tanesco
	National
	National grid
	Block tariff
	1.27
	7.94
	244
	1521
	100
	100
	0.2%
	36500
	3.1%

	Rift Valley
	Mwenga
	Hydro
	Flat rate
	0.76
	4.76
	147
	913
	60
	60
	0.1%
	21900
	1.9%

	Jumeme
	Bwisya
	Solar
	Flat rate
	44.61
	277.83
	8550
	53250
	3500
	3500
	8.7%
	1277500
	107.9%

	Low use - no connection
	 
	None
	Kerosene/battery
	46.96
	0.00
	9000
	 
	 
	 
	 
	 
	 

	EnSol
	Mpale
	Solar
	Monthly fixed cost
	57.39
	104.35
	11000
	20000
	4503
	1315
	11.2%
	1643567
	138.9%

	Jumeme
	Bwisya
	Solar
	Monthly fixed cost
	56.35
	56.35
	10800
	10800
	4421
	710
	10.9%
	1613684
	136.3%

	Leganga
	Leganga
	Solar
	Monthly fixed cost
	15.65
	15.65
	3000
	3000
	1228
	197
	3.0%
	448245.6
	37.9%

	Jumeme
	Bwisya
	Solar
	Subscription
	37.44
	124.06
	7176
	23779
	2937
	1563
	7.3%
	1072161
	90.6%

	LUMAMA/ACRA/CEFA
	Lumama
	Hydro 300kW
	Subscription
	18.84
	35.50
	3611
	6804
	1478
	447
	3.7%
	539495.6
	45.6%

	PowerGen
	Chang’Ombe
	Solar
	Time of use
	74.96
	457.22
	14368
	87634
	5882
	5760
	14.6%
	2146776
	181.4%




[bookmark: _Toc130225237][bookmark: _Toc130479755][bookmark: _Toc147091307]5.5. Graph showing differences across tariffs (Appendix 7.1) in monthly electricity costs for low and mid- usage households (defined in Appendix 7.2)


[bookmark: _Toc130225238][bookmark: _Toc130479756][bookmark: _Toc147091308]5.6.Graph showing differences across tariffs (Appendix 7.1) in per-kWh electricity costs for low and mid- usage households (defined in Appendix 7.2)
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60.726195564970197	150.7341231056528	222.22095919420588	272.08200184915404	335.05052913552765	335.3854505906852	341.8626717093743	371.86891071293144	380.87384092929102	389.5673879173977	392.80116862045242	412.72448304909739	416.79576525521463	416.93966062004648	427.59836312749098	456.67420352846869	475.42696048495884	476.24472453161366	484.44521842334984	496.81460125196298	513.42648712363587	515.68475278031872	539.53161718469812	545.04049075524915	553.10395843217589	562.53540445834494	607.86464993025481	609.00712122071229	615.80331404909157	637.42862985532656	647.30960969332398	650.40150801131006	711.58317983978498	734.4078961783398	761.6149695992226	763.39136788809537	767.68951144264202	788.68962229251849	788.80435335237814	808.45583959594398	814.98805947761014	830.09451593076642	883.91097697389432	891.68862044108096	928.33477252398995	928.52047596030832	943.60703623899258	981.31223823734217	1018.0712403052763	1022.6689057565594	1031.1414954046968	1079.1301505691872	1111.4221680119658	1177.8704051515965	1252.6799881765564	1259.4902979953572	1321.0994936685624	1337.3660315683014	1378.2736070811739	1413.4962555076149	1484.9266378964962	1502.0781684137069	1513.2592077384288	1538.2640999662276	1577.8279777233545	1591.6676590999466	1712.1240917149826	1781.5044251860513	1838.2394585853942	1859.4288876522739	1897.8406654037656	1969.6336594190677	1970.4841275330243	2015.1870402892964	2034.5126295757107	2049.6888291781252	2123.8978911284398	2176.8433058378496	2194.0559764128006	2236.729907569616	2314.496433779545	2334.4071992309059	2387.2751944077941	2414.4840015831774	2464.6412905848047	2473.4068834269206	2477.6554006969604	2695.7337636557504	2705.8233322475244	2741.5748839565968	2762.5059337609696	2776.8440980134692	2872.57354732678	2880.1439304409269	2928.520215977373	2943.1891602500918	2967.5413044792185	3023.4904393373326	3059.9367490290524	3236.2360449664884	3470.7631289481124	3658.8657093967477	3763.3279025587049	3779.4619207853552	3915.1135824785633	4325.5237115808068	4434.6391212315157	4559.8922322992657	4592.6164566446942	4708.2212178954924	4893.4874989961108	4942.8755174553116	4966.4359212096397	5121.8043177315712	5289.2758319321074	5328.2239918775158	5595.6546249030598	6141.7731969173865	6213.3577661277686	6861.1066672179086	6937.2306771331914	6955.524017016688	7769.2347379803941	7876.0941077599691	8632.3256514388995	8956.82031487528	10593.997143064524	14446.749447948421	17916.120420543335	18562.666909252326	0.41830333957263832	0.35264066960226614	0.5788240284412538	0.493982965211962	0.57882883239995953	0.62747208376918728	0.51754703658702794	0.55556634735429222	0.49018834799123784	0.59228404945710778	0.49281335164671231	0.55816213850795604	0.48509640600490583	0.56308219362253897	0.41759016134354882	0.48735889586744441	0.53057661574854542	0.68179889427930906	0.55035416499568357	0.44775045901810206	0.55467851843602767	0.7664380813723406	0.43546466961353086	0.53346407289559272	0.64740185367125147	0.53588684380532015	0.62473163250126162	0.64520250513448374	0.47367928499125461	0.62355879448446871	0.67977651948291573	0.66363106552032758	0.72728728696433476	0.72168631591729593	0.64000677774945147	0.52710453885114583	0.73974857556353224	0.69296555725769571	0.67407443125369759	0.76417372834737807	0.69139163429415218	0.63957041472764431	0.68884703044092055	0.73929883155106479	0.69904053106390329	0.74149851118451171	0.72455957199997667	0.73004114328712311	0.74284983077466671	0.77466935850230934	0.7764529426325617	0.78765621970445643	0.78138625115806692	0.76939687523545619	0.69768748115366208	0.72495724141106221	0.74480557749847887	0.76284118024227443	0.79478589300903546	0.64945709037446664	0.7541436342692085	0.75852758126756392	0.76168289669745837	0.80722434610104987	0.76699596954125593	0.80238171382862022	0.85564584573922087	0.85585077490843242	0.73483200313269381	0.77573371085606302	0.82740294250816482	0.73979386477565079	0.91715731885613949	0.82740051009268634	0.84265809752480247	0.84662595135650165	0.86587309619734976	0.82986228742339041	0.74983352255894042	0.73768059037268696	0.83621149280866691	0.7430494229198642	0.84809856296538544	0.88655211094556563	0.88415325462749328	0.85522878871657337	0.79364156518520079	0.66642915115556955	0.69712399926440072	0.92274576658415597	0.89888592718751559	0.90949090590835124	0.92464936963656996	0.71644266967810533	0.79582706067491715	0.84494758216735388	0.78944973801939911	0.77406320565143194	0.93913086905938037	0.89030282423009233	0.90346208021830898	0.89743589247623567	0.89340501455036536	0.9256689410716622	0.8778419244842639	0.92431217122129239	0.79412306252711762	0.9149000555121013	0.86511837994393714	0.89551414547819042	0.6914903426762159	0.80390828521609436	0.91270610053091072	0.9248659328300326	0.90099212962514763	0.93867953564660933	0.94942283449106446	0.79577861528473071	0.89451744391060461	0.89846472062552973	0.84660191109377769	0.91955305574123558	0.83979915947908834	0.92028441365135005	0.86493670958082924	0.80018293169495602	0.82388409532127727	0.77991242762940216	0.92110959807902149	0.85553072660870555	Niger	Bangladesh	Senegal	Cameroon	Mozambique	Tanzania	Ethiopia	Kenya	Sri Lanka	Congo	Cote d'Ivoire	India	Namibia	Indonesia	Tunisia	Panama	Botswana	Romania	Cyprus	Hong Kong	China	Spain	Poland	Bulgaria	South Africa	United Kingdom	Switzerland	Estonia	Turkmenistan	Russian Federation	Australia	Norway	Oman	Finland	United States	United Arab Emirates	Canada	Brunei Darussalam	Kuwait	Bahrain	Trinidad and Tobago	Iceland	Qatar	Energy use (kg of oil equivalent per capita) 


Human Development Index



Jan-18	0	2.0833333333333332E-2	4.1666666666666664E-2	6.25E-2	8.3333333333333301E-2	0.104166666666667	0.125	0.14583333333333301	0.16666666666666699	0.1875	0.20833333333333301	0.22916666666666699	0.25	0.27083333333333298	0.29166666666666702	0.3125	0.33333333333333298	0.35416666666666702	0.375	0.39583333333333298	0.41666666666666702	0.4375	0.45833333333333298	0.47916666666666702	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.58333333333333304	0.60416666666666696	0.625	0.64583333333333304	0.66666666666666696	0.6875	0.70833333333333304	0.72916666666666696	0.75	0.77083333333333304	0.79166666666666696	0.8125	0.83333333333333304	0.85416666666666696	0.875	0.89583333333333304	0.91666666666666696	0.9375	0.95833333333333304	0.97916666666666696	1	1.2223111111111109	1.2086888888888889	1.199988888888889	1.1782333333333335	1.1621182795698928	1.1490322580645163	1.1389784946236559	1.1383225806451611	1.132537634408602	1.1398924731182796	1.1583010752688172	1.1821720430107523	1.0387311827956989	0.70097849462365613	0.5801505376344086	0.51304301075268821	0.48146236559139777	0.49098924731182797	0.4844516129032258	0.4841612903225806	0.53802150537634419	0.55508602150537645	0.546763440860215	0.53735483870967737	0.51620430107526882	0.50441935483870959	0.54744086021505356	0.54863440860215074	0.53267741935483881	0.55675268817204304	0.57324731182795696	0.56086021505376338	0.57107526881720416	0.5814086021505378	0.57359139784946245	0.57226881720430078	0.58835483870967731	0.70730107526881714	1.4915053763440862	1.8036666666666665	1.8684838709677418	1.8971935483870963	1.8925806451612901	1.7712150537634408	1.6190537634408604	1.4407849462365592	1.3304946236559143	1.2594086021505377	1.2223111111111109	Jul-18	0	2.0833333333333332E-2	4.1666666666666664E-2	6.25E-2	8.3333333333333301E-2	0.104166666666667	0.125	0.14583333333333301	0.16666666666666699	0.1875	0.20833333333333301	0.22916666666666699	0.25	0.27083333333333298	0.29166666666666702	0.3125	0.33333333333333298	0.35416666666666702	0.375	0.39583333333333298	0.41666666666666702	0.4375	0.45833333333333298	0.47916666666666702	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.58333333333333304	0.60416666666666696	0.625	0.64583333333333304	0.66666666666666696	0.6875	0.70833333333333304	0.72916666666666696	0.75	0.77083333333333304	0.79166666666666696	0.8125	0.83333333333333304	0.85416666666666696	0.875	0.89583333333333304	0.91666666666666696	0.9375	0.95833333333333304	0.97916666666666696	1	1.1164301075268819	1.099032258064516	1.0975806451612906	1.0973118279569891	1.089591397849462	1.0710645161290324	1.0595913978494622	1.0458924731182795	1.0397096774193548	1.0399462365591396	1.0537356321839082	1.0791935483870965	1.0784731182795699	0.92244086021505389	0.70429032258064528	0.58792473118279587	0.51250537634408611	0.4917741935483872	0.50204301075268809	0.50396774193548388	0.4721290322580648	0.4739892473118279	0.46595698924731183	0.48398924731182807	0.50456989247311823	0.50629032258064521	0.52169892473118284	0.51076344086021519	0.49726881720430105	0.50789247311827967	0.51520430107526882	0.51533333333333331	0.5077096774193548	0.50898924731182804	0.52380645161290318	0.57284946236559142	0.67504301075268847	1.1856666666666666	1.6587311827956988	1.72705376344086	1.8052580645161296	1.8295027808676303	1.7413118279569895	1.6388817204301076	1.5252795698924733	1.4163010752688168	1.2538709677419353	1.1653333333333333	1.1164301075268819	Jan-19	0	2.0833333333333332E-2	4.1666666666666664E-2	6.25E-2	8.3333333333333301E-2	0.104166666666667	0.125	0.14583333333333301	0.16666666666666699	0.1875	0.20833333333333301	0.22916666666666699	0.25	0.27083333333333298	0.29166666666666702	0.3125	0.33333333333333298	0.35416666666666702	0.375	0.39583333333333298	0.41666666666666702	0.4375	0.45833333333333298	0.47916666666666702	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.58333333333333304	0.60416666666666696	0.625	0.64583333333333304	0.66666666666666696	0.6875	0.70833333333333304	0.72916666666666696	0.75	0.77083333333333304	0.79166666666666696	0.8125	0.83333333333333304	0.85416666666666696	0.875	0.89583333333333304	0.91666666666666696	0.9375	0.95833333333333304	0.97916666666666696	1	2.1614666666666671	2.1133000000000002	2.0990444444444445	2.0753555555555554	2.040255555555555	2.0015999999999994	1.9766333333333337	1.9612111111111112	1.9692888888888891	2.0235999999999996	2.0779885057471263	2.0628505747126433	1.8730000000000002	1.3375402298850576	1.062885057471264	0.92951724137931035	0.86972413793103442	0.85620689655172422	0.88226436781609197	0.8890055555555556	0.92100000000000015	0.95385555555555568	0.95488888888888923	0.95613333333333317	0.98395555555555547	0.98555555555555563	1.0128555555555556	0.99772222222222218	0.97962222222222228	1.0072111111111111	1.0414666666666668	1.0386666666666666	0.99186666666666701	1.0032777777777777	0.99972222222222196	0.99199999999999988	1.0188444444444444	1.2628555555555561	2.5378888888888889	3.1471222222222215	3.2963333333333336	3.3733666666666671	3.3165222222222228	3.1679333333333335	2.9237333333333329	2.6447999999999996	2.3924666666666665	2.2294666666666667	2.1614666666666671	Jul-19	0	2.0833333333333332E-2	4.1666666666666664E-2	6.25E-2	8.3333333333333301E-2	0.104166666666667	0.125	0.14583333333333301	0.16666666666666699	0.1875	0.20833333333333301	0.22916666666666699	0.25	0.27083333333333298	0.29166666666666702	0.3125	0.33333333333333298	0.35416666666666702	0.375	0.39583333333333298	0.41666666666666702	0.4375	0.45833333333333298	0.47916666666666702	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.58333333333333304	0.60416666666666696	0.625	0.64583333333333304	0.66666666666666696	0.6875	0.70833333333333304	0.72916666666666696	0.75	0.77083333333333304	0.79166666666666696	0.8125	0.83333333333333304	0.85416666666666696	0.875	0.89583333333333304	0.91666666666666696	0.9375	0.95833333333333304	0.97916666666666696	1	1.9980888888888886	1.9632000000000003	1.930044444444444	1.8982666666666672	1.9156779788838618	1.8994133333333334	1.8914861111111112	1.8771079460269871	1.8605412748171368	1.8484438970990693	1.8674642857142854	1.9486111111111113	2.0116481481481481	1.7516481481481483	1.4454629629629632	1.2626296296296298	1.1365370370370369	1.1146296296296301	1.1149259259259261	1.0893518518518521	1.0126296296296298	1.037372549019608	0.99945098039215685	1.003156862745098	1.0188627450980392	1.0424117647058826	1.087340094658553	1.0265490196078435	0.98196078431372535	1.0098823529411767	1.0351960784313725	1.0217450980392158	1.0328823529411768	1.0729803921568628	1.089921568627451	1.1448792569659443	1.2830833333333334	1.9790208333333335	2.9177083333333336	3.0640208333333336	3.1591041666666673	3.1928333333333341	3.0633958333333338	2.8705208333333334	2.7040625	2.52	2.2835624999999999	2.1001041666666667	1.9980888888888886	Jan-20	0	2.0833333333333332E-2	4.1666666666666664E-2	6.25E-2	8.3333333333333301E-2	0.104166666666667	0.125	0.14583333333333301	0.16666666666666699	0.1875	0.20833333333333301	0.22916666666666699	0.25	0.27083333333333298	0.29166666666666702	0.3125	0.33333333333333298	0.35416666666666702	0.375	0.39583333333333298	0.41666666666666702	0.4375	0.45833333333333298	0.47916666666666702	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.58333333333333304	0.60416666666666696	0.625	0.64583333333333304	0.66666666666666696	0.6875	0.70833333333333304	0.72916666666666696	0.75	0.77083333333333304	0.79166666666666696	0.8125	0.83333333333333304	0.85416666666666696	0.875	0.89583333333333304	0.91666666666666696	0.9375	0.95833333333333304	0.97916666666666696	1	2.599966666666667	2.5457666666666667	2.4989444444444446	2.4673777777777777	2.430268817204301	2.3963440860215055	2.3746774193548386	2.3694301075268815	2.383516129032258	2.3863978494623663	2.4100537634408599	2.4139462365591395	2.2584569892473123	1.7258777777777778	1.3646666666666667	1.2004333333333335	1.1192	1.087922222222222	1.1139222222222223	1.1541444444444442	1.1668999999999998	1.176188888888889	1.1880333333333335	1.2211333333333334	1.2242222222222225	1.2548222222222223	1.332944444444444	1.2777333333333336	1.2097555555555557	1.2137444444444445	1.1815666666666664	1.2143222222222221	1.2942888888888888	1.3511555555555554	1.3233666666666664	1.2847111111111109	1.3163999999999993	1.6385333333333334	3.0928555555555537	3.8086666666666655	3.933617460317461	3.9788222222222225	3.8837777777777776	3.7903444444444441	3.5852999999999993	3.2665111111111114	2.951511111111111	2.7132888888888895	2.599966666666667	Jul-20	0	2.0833333333333332E-2	4.1666666666666664E-2	6.25E-2	8.3333333333333301E-2	0.104166666666667	0.125	0.14583333333333301	0.16666666666666699	0.1875	0.20833333333333301	0.22916666666666699	0.25	0.27083333333333298	0.29166666666666702	0.3125	0.33333333333333298	0.35416666666666702	0.375	0.39583333333333298	0.41666666666666702	0.4375	0.45833333333333298	0.47916666666666702	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.58333333333333304	0.60416666666666696	0.625	0.64583333333333304	0.66666666666666696	0.6875	0.70833333333333304	0.72916666666666696	0.75	0.77083333333333304	0.79166666666666696	0.8125	0.83333333333333304	0.85416666666666696	0.875	0.89583333333333304	0.91666666666666696	0.9375	0.95833333333333304	0.97916666666666696	1	3.3974949944382637	3.3432258064516134	3.2973222222222223	3.2603444444444447	3.2341666666666669	3.2102555555555554	3.2105777777777771	3.2061444444444449	3.1851555555555549	3.1874111111111114	3.2151333333333327	3.2642777777777776	3.3253222222222223	2.8673333333333337	2.230633333333333	1.8486111111111105	1.6443777777777775	1.5697777777777775	1.581722222222222	1.5788000000000004	1.5700333333333338	1.5280114942528733	1.514571541815299	1.5062142857142857	1.4838690476190479	1.4964404761904757	1.5597499999999997	1.5543224637681161	1.546777777777778	1.5539135802469137	1.5806049382716052	1.6265185185185185	1.6487654320987655	1.6299259259259258	1.6369259259259263	1.699987654320988	1.9444074074074078	3.2836172839506168	4.799666666666667	5.0712839506172838	5.2254074074074071	5.176925925925925	5.0158271604938269	4.6393827160493837	4.3305555555555557	3.9441234567901233	3.650350617283951	3.4976538461538471	3.3974949944382637	Jan-21	0	2.0833333333333332E-2	4.1666666666666664E-2	6.25E-2	8.3333333333333301E-2	0.104166666666667	0.125	0.14583333333333301	0.16666666666666699	0.1875	0.20833333333333301	0.22916666666666699	0.25	0.27083333333333298	0.29166666666666702	0.3125	0.33333333333333298	0.35416666666666702	0.375	0.39583333333333298	0.41666666666666702	0.4375	0.45833333333333298	0.47916666666666702	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.58333333333333304	0.60416666666666696	0.625	0.64583333333333304	0.66666666666666696	0.6875	0.70833333333333304	0.72916666666666696	0.75	0.77083333333333304	0.79166666666666696	0.8125	0.83333333333333304	0.85416666666666696	0.875	0.89583333333333304	0.91666666666666696	0.9375	0.95833333333333304	0.97916666666666696	1	3.9095710048201702	3.6912150537634414	3.5966451612903221	3.5211720430107531	3.4831827956989247	3.4664516129032252	3.4442888888888894	3.426244444444444	3.4141333333333335	3.3522888888888884	3.3169333333333331	3.3939555555555554	3.1961000000000008	2.4678222222222219	1.9795888888888891	1.7312333333333332	1.6364555555555556	1.6148555555555555	1.5586444444444443	1.6121222222222225	1.5996888888888892	1.5954252873563215	1.562551724137931	1.5724942528735633	1.6147011494252868	1.6585287356321838	1.7226666666666666	1.7784942528735626	1.8080574712643682	1.7813563218390807	1.7921149425287359	1.8615977011494254	1.9213678160919538	1.8636321839080459	1.9027816091954024	1.9278850574712645	1.9694252873563216	2.4237471264367811	4.4818045977011494	5.69044827586207	5.9759310344827572	5.9993908045977014	6.0021379310344845	5.6608965517241385	5.2553333333333327	4.7387126436781619	4.2827816091954025	4.0571379310344824	3.9095710048201702	Time (hours)


System demand (kW)




Jan	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	0	0	0	0	0	0	0	237	401	485	531	553	525	465	441	423	395	315	47	0	0	0	0	0	Jul	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	0	0	0	0	0	0	0	59	134	206	266	281	272	238	218	208	192	42	0	0	0	0	0	0	Apr	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	0	0	0	0	0	0	1	113	199	265	337	372	365	336	305	266	197	79	0	0	0	0	0	0	Oct	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	0	0	0	0	0	0	42	245	359	435	417	431	420	416	397	353	280	107	0	0	0	0	0	0	Time


Direct normal irradiation (Wh/m²)
												




Average peak demand per customer (kW)	43101	43132	43160	43191	43221	43252	43282	43313	43344	43374	43405	43435	43466	43497	43525	43556	43586	43617	43647	43678	43709	43739	43770	43800	43831	43862	43891	43922	43952	43983	44013	44044	44075	44105	44136	44166	44197	44228	4.1301990391214828E-2	3.451896690879741E-2	3.2636777838527434E-2	3.3022033898305075E-2	3.1915983233096412E-2	3.3227871939736343E-2	3.1858939311098962E-2	2.9384584342211462E-2	2.4976130915155305E-2	2.2887572233194358E-2	2.2747408487204412E-2	2.0985786870579497E-2	1.963130677847659E-2	2.0492164013834309E-2	2.0210756067749257E-2	1.583091230389827E-2	1.7294000398644607E-2	1.9131461815663713E-2	1.9423872890317086E-2	1.9731517763845352E-2	1.9950749063670413E-2	2.1978671865768643E-2	2.3910951117847669E-2	2.5061002874480997E-2	2.2187144857943184E-2	2.2633459835547126E-2	2.1925885648377001E-2	2.1335727839522898E-2	2.3437607300984906E-2	2.4919981325863677E-2	2.3682795698924723E-2	2.3856255835667591E-2	2.5853286543393174E-2	2.5149502856885771E-2	2.5445482167762511E-2	Average demand per customer (kW)	43101	43132	43160	43191	43221	43252	43282	43313	43344	43374	43405	43435	43466	43497	43525	43556	43586	43617	43647	43678	43709	43739	43770	43800	43831	43862	43891	43922	43952	43983	44013	44044	44075	44105	44136	44166	44197	44228	2.0066664124660009E-2	1.5871513572309884E-2	1.5229506550488199E-2	1.5544006780743341E-2	1.5615127697906107E-2	1.6906271646427263E-2	1.5502533155692978E-2	1.4123057909604518E-2	1.2413385505295395E-2	1.1393689265297437E-2	1.1199654755854178E-2	1.0405548547411299E-2	9.9011979278508348E-3	1.032733248118769E-2	1.1048351445442878E-2	9.8241591363644812E-3	9.7359712964899415E-3	1.0305085229732948E-2	1.0253842765054413E-2	9.973047662197719E-3	9.989138496701579E-3	1.1238075902059198E-2	1.1914319653718456E-2	1.2175185896392722E-2	1.2024109428913719E-2	1.2161223411392117E-2	1.1875832445701751E-2	1.1499818089779271E-2	1.1990323531077865E-2	1.2511783688571214E-2	1.2252411050472593E-2	1.22550637573256E-2	1.210006863651142E-2	1.2405334338031114E-2	1.2419025702717437E-2	Income per month per household (USD)	43101	43132	43160	43191	43221	43252	43282	43313	43344	43374	43405	43435	43466	43497	43525	43556	43586	43617	43647	43678	43709	43739	43770	43800	43831	43862	43891	43922	43952	43983	44013	44044	44075	44105	44136	44166	44197	44228	55.549973444976075	33.63793197767145	23.510340271132375	22.023099441786282	20.408266905901115	30.303402472089314	24.521903269537479	34.151089872408292	56.277246172248802	33.988569936204151	31.11217440191388	38.687931977671447	55.549973444976075	33.63793197767145	23.510340271132375	22.023099441786282	20.408266905901115	30.303402472089314	24.521903269537479	34.151089872408292	56.277246172248802	33.988569936204151	31.11217440191388	38.687931977671447	55.549973444976075	33.63793197767145	23.510340271132375	22.023099441786282	20.408266905901115	30.303402472089314	24.521903269537479	34.151089872408292	56.277246172248802	33.988569936204151	31.11217440191388	38.687931977671447	55.549973444976075	33.63793197767145	
Demand per customer (kW)


Household income (USD)





Average demand per customer (kW)	1	2	3	4	5	6	7	8	9	10	11	12	1.1315882583678317E-2	1.1556987204786318E-2	1.129036722190201E-2	1.0962653678382277E-2	1.1244277946289905E-2	1.1462091945572316E-2	1.0661988613071875E-2	1.0863147413783903E-2	1.1408434459152081E-2	1.1253126907763502E-2	1.111405570976166E-2	1.10446035666065E-2	Average income per household (USD)	1	2	3	4	5	6	7	8	9	10	11	12	53.134757208237986	32.17541319603356	22.488151563691837	21.065573379099924	19.520950953470631	28.985863234172385	23.455733562166284	32.66625987795576	53.830409382151032	32.5108060259344	29.759471167048059	37.005847978642258	Month


Monthly average demand per customer connected (kW)


Average Household Income (USD)





										

Jan-18	Feb-18	Mar-18	Apr-18	May-18	Jun-18	Jul-18	Aug-18	Sep-18	Oct-18	Nov-18	Dec-18	Jan-19	Feb-19	Mar-19	Apr-19	May-19	Jun-19	Jul-19	Aug-19	Sep-19	Oct-19	Nov-19	Dec-19	Jan-20	Feb-20	Mar-20	Apr-20	May-20	Jun-20	Jul-20	Aug-20	Sep-20	Oct-20	Nov-20	Dec-20	Jan-21	Feb-21	2.1276595744680851E-2	1.6949152542372881E-2	6.7796610169491525E-2	5.0847457627118647E-2	8.4745762711864403E-2	6.7796610169491525E-2	8.4745762711864403E-2	0.4576271186440678	0.3970588235294118	0.31818181818181818	0.30392156862745101	0.36585365853658536	0.38095238095238099	0.43537414965986398	0.4285714285714286	0.52830188679245282	0.44171779141104295	0.60240963855421681	0.61849710982658967	0.60693641618497107	0.62643678160919536	0.64367816091954022	0.64204545454545459	0.6685393258426966	0.65384615384615385	0.62087912087912089	0.56930693069306937	0.63445378151260501	0.63025210084033612	0.71008403361344541	0.6428571428571429	0.71008403361344541	0.68067226890756305	0.67226890756302515	0.70588235294117652	0.7573221757322175	0.7447698744769875	0.81589958158995812	
Percentage customers not paying or underpaying



Number of new customers	43101	43132	43160	43191	43221	43252	43282	43313	43344	43374	43405	43435	43466	43497	43525	43556	43586	43617	43647	43678	43709	43739	43770	43800	43831	43862	43891	43922	43952	43983	44013	44044	44075	44105	44136	44166	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	47	12	0	0	0	0	0	0	9	20	14	21	24	0	0	12	4	3	7	0	1	0	2	2	4	0	20	36	0	0	0	0	0	0	0	1	0	0	Income per month per household (USD)	43101	43132	43160	43191	43221	43252	43282	43313	43344	43374	43405	43435	43466	43497	43525	43556	43586	43617	43647	43678	43709	43739	43770	43800	43831	43862	43891	43922	43952	43983	44013	44044	44075	44105	44136	44166	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	55.549973444976075	33.63793197767145	23.510340271132375	22.023099441786282	20.408266905901115	30.303402472089314	24.521903269537479	34.151089872408292	56.277246172248802	33.988569936204151	31.11217440191388	38.687931977671447	55.549973444976075	33.63793197767145	23.510340271132375	22.023099441786282	20.408266905901115	30.303402472089314	24.521903269537479	34.151089872408292	56.277246172248802	33.988569936204151	31.11217440191388	38.687931977671447	55.549973444976075	33.63793197767145	23.510340271132375	22.023099441786282	20.408266905901115	30.303402472089314	24.521903269537479	34.151089872408292	56.277246172248802	33.988569936204151	31.11217440191388	38.687931977671447	55.549973444976075	33.63793197767145	23.510340271132375	22.023099441786282	20.408266905901115	30.303402472089314	24.521903269537479	34.151089872408292	56.277246172248802	33.988569936204151	31.11217440191388	38.687931977671447	
Income per month per household (USD)


Number of new customers connected




A	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2021	2021	2.0295833333333331	2.5477748226950352	2.5477748226950352	2.5477748226950352	2.5477748226950352	2.5477748226950352	2.5477748226950352	2.5477748226950352	2.936418439716312	3.8000709219858155	4.4046276595744676	5.3114627659574465	6.3478457446808507	6.3478457446808507	6.3478457446808507	6.8660372340425528	7.0387677304964535	7.1683156028368789	7.4705939716312058	7.4705939716312058	7.5137765957446803	7.5137765957446803	7.6001418439716311	7.6865070921985819	7.8592375886524817	7.8592375886524817	8.7228900709219861	10.277464539007092	10.277464539007092	10.277464539007092	10.277464539007092	10.277464539007092	10.277464539007092	10.277464539007092	10.277464539007092	10.320647163120567	10.320647163120567	10.320647163120567	B	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2021	2021	1.9864007092198581	2.5045921985815602	2.4182269503546099	2.4182269503546099	2.3318617021276595	2.3750443262411345	2.3318617021276595	1.3818439716312056	1.9000354609929078	2.8500531914893616	3.5409751773049645	4.1023492907801415	4.6205407801418437	4.6637234042553191	4.7069060283687945	4.7932712765957444	5.3978280141843973	4.7932712765957444	5.0523670212765959	5.4410106382978718	5.6569237588652479	5.4410106382978718	5.570558510638298	5.7432890070921987	6.477393617021276	6.8228546099290774	7.5137765957446803	9.5433599290780133	9.6297251773049641	8.9819858156028367	9.0683510638297875	9.0683510638297875	9.3274468085106381	9.2842641843971627	9.4138120567375889	9.5433599290780133	9.5865425531914887	9.4569946808510643	C	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2021	2021	1.9864007092198581	2.5045921985815602	2.4182269503546099	2.4182269503546099	2.3318617021276595	2.3750443262411345	2.3318617021276595	1.3818439716312056	1.8136702127659574	2.6773226950354609	3.238696808510638	3.5841578014184394	4.1455319148936169	4.2318971631205677	4.0159840425531916	4.1023492907801415	4.7932712765957444	3.8000709219858155	4.1455319148936169	4.1887145390070923	4.2318971631205677	4.361445035460993	4.0591666666666661	4.447810283687943	4.9660017730496451	5.5273758865248226	6.2614804964539008	7.4274113475177304	7.6433244680851065	7.1683156028368789	6.995585106382979	6.4342109929078015	7.2546808510638296	6.995585106382979	6.8660372340425528	6.477393617021276	6.9524024822695036	6.3478457446808507	System data	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2021	2021	1.9411935483870968	2.0366190476190473	1.9255698924731186	1.9482999999999995	1.8830430107526883	1.9604444444444444	1.8796774193548389	1.7336904761904763	3.0720641025641027	3.3644731182795709	3.3438690476190485	3.0849106699751863	3.121377777777778	3.3402227342549922	3.354985507246377	2.7387478285744007	2.9918620689655171	3.3288743559254859	3.379753882915173	3.472747126436782	3.5512333333333337	4.0001182795698931	4.3517931034482755	5.0623225806451613	5.2805404761904775	5.3867634408602161	5.2183607843137265	5.07790322580645	5.578150537634408	5.9309555555555553	5.6365053763440844	5.6777888888888866	6.1789354838709682	6.0107311827956993	6.0814702380952399	
Peak demand (kW)




A	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2021	2021	0.61722619047619065	0.77481585612968606	0.77481585612968606	0.77481585612968606	0.77481585612968606	0.77481585612968606	0.77481585612968606	0.77481585612968606	0.89300810536980768	1.1556575481256335	1.3395121580547116	1.6152940729483287	1.9304734042553195	1.9304734042553195	1.9304734042553195	2.0880630699088152	2.1405929584599801	2.1799903748733542	2.2719176798378933	2.2719176798378933	2.2850501519756845	2.2850501519756845	2.311315096251267	2.3375800405268494	2.3901099290780148	2.3901099290780148	2.6527593718338407	3.1255283687943272	3.1255283687943272	3.1255283687943272	3.1255283687943272	3.1255283687943272	3.1255283687943272	3.1255283687943272	3.1255283687943272	3.1386608409321184	3.1386608409321184	3.1386608409321184	B	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2021	2021	0.60409371833839931	0.76168338399189484	0.73541843971631227	0.73541843971631227	0.7091534954407297	0.72228596757852093	0.7091534954407297	0.42023910840932127	0.57782877406281674	0.86674316109422511	1.0768627152988857	1.2475848530901725	1.4051745187436679	1.4183069908814594	1.4314394630192506	1.4577044072948331	1.6415590172239112	1.4577044072948331	1.5364992401215809	1.6546914893617024	1.720353850050659	1.6546914893617024	1.6940889057750763	1.7466187943262415	1.9698708206686935	2.074930597771024	2.2850501519756845	2.9022763424518749	2.9285412867274574	2.7315542046605881	2.757819148936171	2.757819148936171	2.8366139817629188	2.8234815096251271	2.8628789260385012	2.9022763424518749	2.9154088145896662	2.8760113981762925	C	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2021	2021	0.60409371833839931	0.76168338399189484	0.73541843971631227	0.73541843971631227	0.7091534954407297	0.72228596757852093	0.7091534954407297	0.42023910840932127	0.55156382978723417	0.81421327254305997	0.98493541033434673	1.0899951874366771	1.2607173252279638	1.2869822695035464	1.2213199088145898	1.2475848530901725	1.4577044072948331	1.1556575481256335	1.2607173252279638	1.2738497973657552	1.2869822695035464	1.3263796859169203	1.2344523809523813	1.3526446301925028	1.5102342958459982	1.6809564336372851	1.9042084599797371	2.258785207700102	2.3244475683890582	2.1799903748733542	2.1274604863221889	1.9567383485309022	2.2062553191489367	2.1274604863221889	2.0880630699088152	1.9698708206686935	2.1143280141843976	1.9304734042553195	System data	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	3	4	5	6	7	8	9	10	11	12	1	2	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2018	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2019	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2020	2021	2021	0.94313321385902038	0.93641930076628321	0.8985408864788037	0.91709640006385706	0.92129253417646029	0.99747002713920851	0.91464945618588567	0.83326041666666661	1.5268464171513336	1.6748723219987232	1.646349249110564	1.5296156364694611	1.5742904705282827	1.6833551944335934	1.8340263399435177	1.6995795305910553	1.6843230342927598	1.7930848299735329	1.7841686411194679	1.7552563885467987	1.778066652412881	2.045329814174774	2.1684061769767591	2.4593875510713299	2.861738044081465	2.8943711719113239	2.8264481220770166	2.7369567053674664	2.8536970003965316	2.977804517879949	2.9160738300124769	2.9167051742434928	2.8919164041262295	2.9648749067894364	2.9681471429494675	
Average demand (kW)
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System demand (kW)
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System demand (kW)
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System demand (kW)




Room light	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	230	220	220	220	220	220	100	10	10	10	10	10	15	15	10	10	10	20	162.5	530	550	475	355	300	Toilet light	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	10.833333333333336	10.833333333333336	10.833333333333336	10.833333333333336	10.833333333333336	10.833333333333336	10	5	5	5	5	5	5	5	5	5	5	5	5.8333333333333339	19.583333333333332	14.583333333333332	13.75	12.916666666666664	11.666666666666664	Kitchen Light	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	10	10	10	10	10	10	0	0	0	0	0	0	0	0	0	0	0	0	20	50	42.5	25	10	10	Security light	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	175	175	175	175	175	175	62.5	0	0	0	0	0	0	0	0	0	0	0	75	200	210	205	185	175	Phone charging	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	21.428571428571427	20	20	20	20	20	20	20	25	25	25	25	25	25	25	25	25	56.071428571428577	240.42857142857142	252.92857142857142	206.07142857142861	46.785714285714292	25.714285714285712	21.428571428571427	Radio - basic	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	32	32	32	24	24	24	40	40	56	40	32	24	32	40	32	32	64	56	104	100.57142857142857	116.57142857142857	88.571428571428569	44.571428571428569	32	Radio - subwoofer	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	100	100	0	0	0	100	100	100	0	0	0	0	100	100	100	100	100	100	200	200	200	100	100	100	TV (32 inch)	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	0	0	0	0	0	0	0	0	18	18	0	0	0	18	18	0	18	42.428571428571431	59.142857142857139	169.71428571428569	191.57142857142858	177.42857142857144	56.571428571428569	20.571428571428569	Fridge	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	0	0	0	0	0	0	0	0	500	400	200	0	0	0	0	0	0	0	228.57142857142856	228.57142857142856	228.57142857142856	200	0	0	Light in shop	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	5	10	35	35	20	15	5	Grinding machine	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	53.333333333333336	53.333333333333336	53.333333333333336	0	0	0	Desktop	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	200	200	0	0	0	0	#REF!	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	1	Air Blower	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	0	0	0	0	0	0	0	0	66.666666666666657	66.666666666666657	66.666666666666657	66.666666666666657	66.666666666666657	66.666666666666657	66.666666666666657	66.666666666666657	66.666666666666657	66.666666666666657	66.666666666666657	66.666666666666657	66.666666666666657	0	0	0	Shaving machine	0	4.1666666666666664E-2	8.3333333333333301E-2	0.125	0.16666666666666699	0.20833333333333301	0.25	0.29166666666666702	0.33333333333333298	0.375	0.41666666666666702	0.45833333333333298	0.5	0.54166666666666696	0.58333333333333304	0.625	0.66666666666666696	0.70833333333333304	0.75	0.79166666666666696	0.83333333333333304	0.875	0.91666666666666696	0.95833333333333304	0	0	0	0	0	0	0	37.5	37.5	37.5	37.5	37.5	37.5	37.5	37.5	37.5	37.5	37.5	37.5	37.5	37.5	37.5	0	0	Time of day (hours)


Power demand (kW)




Monthly total cost (low use)	
Block tariff	Block tariff	Flat rate	Flat rate	Kerosene/battery	Monthly fixed cost	Monthly fixed cost	Monthly fixed cost	Subscription	Subscription	Time of use	9771.4285714285706	244.28571428571425	146.57142857142856	8550	9000	11000	10800	3000	7175.7142857142853	3610.7142857142858	14367.857142857143	Monthly total cost (mid use)	
Block tariff	Block tariff	Flat rate	Flat rate	Kerosene/battery	Monthly fixed cost	Monthly fixed cost	Monthly fixed cost	Subscription	Subscription	Time of use	42535.714285714283	1521.4285714285713	912.85714285714278	53250	20000	10800	3000	23778.571428571428	6803.5714285714284	87634.28571428571	

Monthly electricity cost (TSh)


Monthly average unit cost (low use)	
Block tariff	Block tariff	Flat rate	Flat rate	Kerosene/battery	Monthly fixed cost	Monthly fixed cost	Monthly fixed cost	Subscription	Subscription	4000	100	60	3500	4502.9239766081873	4421.0526315789475	1228.0701754385966	2937.4269005847955	1478.0701754385966	Monthly average unit cost (mid use)	
Block tariff	Block tariff	Flat rate	Flat rate	Kerosene/battery	Monthly fixed cost	Monthly fixed cost	Monthly fixed cost	Subscription	Subscription	2795.7746478873237	100	60	3500	1314.5539906103288	709.85915492957747	197.18309859154931	1562.9107981220657	447.18309859154931	

Average unit cost of electricity (TSh per kWh)
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Mult-tier Matrix for Access to Household Electricity Supply

TERO TER1 __ TER2 TER3 _ TER4_ TERS
VeyLow | LowPower | Medum | High Poer | VeryHigh Pover
Povert Pover | MinSOW Pover | MinB00W | Min 26
Min3w Min200 W
AND Daily Min12Wh [ MinZ00Wn | Min Min | MinB2km
1 Cpaty | Y 10k | 34in
Lighing o | Ectical ighing,
1000 mivs | air icuton,
ORSenices perday | lvision, and
andpnore | phonecrarging
chaing_| atepossive
Hoursperday Mindhis_| Minanis Minghvs_| Min 6 fs |Min23his
€22 Duraton s per Min3hs | Mindhs | Minans
g Ho Minthis | Min2his
£ (3 Raivity Waxid | Max3dsuptons
= dispions | perweskof ol
pervesk | dudlion
<2hours
o ualty Votage prablens do ot et e
use o esied applces
5. Atordbity Costofa sandard consugiion package of
365 K per annum s e an 5% o housenold
income
6 Logalty Slisgad ot iy e
iz epresntaie
7. Health and Saily Absence of pastacdents and
pecepion o high sk nhefure
ity s i e T T i i s R e 0, e
Iy i
TABLE ES.2
Multi-tier Matrix for Access to Household Electricity Services
TERD TERT TIER2 TER3  TIER4 TIER 5
Tercileia N Tskighing  Gererllghing Ter2AND  Ter3AND  Te4AND
apiizble Phovechaging  Tleison Anymedium- Any igh-power Ay very igh-
Fanineetet)  ponerappl-  applances powerappliances
annss
TABLE ES.3
Multi-tier Matrix for Electricity Consumption
TIERO TIER1 TIER2 TIER3 TIER4 TERS
Aol consumplio eel,in Kiowat-outs (kW) <5 ah a3 a6 21260 33000
Daly consumpion vl in wat-hours (W) 2 e 2w o w5 8219





image3.png
TABLE ES.8
Multi-tier Matrix for Measuring Access in Community Institutions
(for Survey of Institutions)
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Tanzania's installed mini-grids, by projects

Number of mini-grid;
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175
150 =0ther
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i‘; = Solar
. “Hydro
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Source: BloombergNEF, GIZ, Carbon Trust, CLUB-ER, World Re-
source Institute, surveyed developers. Note: Operating projects
ithout a specified commissioning year are not included

Tanzania's installed mini-grids, by capacity
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17 This excludes projects where either the aperation year or project
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How to design successful minigrids that meet the
needs of rural communities

This resourceis a continuation of Hannah Mottram’s PhD fieldwork, supported by
‘Theresia Mroso. We have been funded by the Fuel Poverty Research Network to
create a resource for policymakers and minigrid practitioners.

“This resource has been put together following 8 months of fieldwork in Tanzania,
involving visits to six minigrid projects. The tear did interviews with key informants,
such as minigrid developers, project technicians and village leaders, as well as with
members of the community. We held focus groups and ran participatory activiies.

As part o this project, we have re-analysed the data collected to identify key
messages for practitioners and policy makers. These were discussed with
stakeholders through a series of interviews and an online workshop.

Contents
Key messages..

How to define success.

Main challenges for rural electrification in Tanzania.

Tarffstructures and inequality
Minigrid planning.
Case study — fish farming on Bwisya Island.
Customer preferences.
Barriers to opportunities
‘Access to financing.
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Key messages

- Communities need to be included at early stages of policy making and project
planning, particularly for szing projects and deciding tariff.

- Hlectrification projects should be oined up with other local development,
such as improvements in transport and communication infrastructure, and
healthcare and education services.

- This requires greater collaboration between minigrid developers, government
bodies, non-governmental organisations and rural communities.

- There s a need for different approaches to financing. To be cost comparative
with TANESCO (the national electricity provider), most minigrids need
additional financial support. It is important that thisis delivered in a way that
faily distributes the benefits.
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How to define success

e are many ways that ‘success’ can be defined. A success for a minigri
matter of debate, depending on the scale, coverage, as wellastariff and pricing
structures and incomes of households. Techno-economic measures could be the
number of connections, income compared to expenditure, and the number of
outages/relabilty of sures include the impact on househ
and the commanity, particularly considering different socio-cultural-economic groups.
Inrural areas such as Mpale, adequate availabilty, reliabiity and cheapness of
electricity are of interest for most vilagers’ satisfaction. There are inter-linkages
different aspects - if households feel more invalved in a project, they may be
more likely to pay bill on time. This means the minigrid can be maintained, with fewer
outages and greater customer satisfaction. Its 0 consider these measures
ing whether a
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Interviews with developers of minigrid projects dentified the following factors for a
successful minigrid project:
- Well-developed productive uses of electriciy -
the community.
- Affordable access to electicity for all members of the community
- Hybrid projects are more favorable to reduce cost of operation and increase.
eliabilty (such as those with solar with biogas or hydro)
- Options to group together minigrids, and to sel excess power to TANESCO
- Able to bring wider investment to the community.
- On-time operation maintenance
- Reliability and cheapness of the project to customers

cluding education to sensitse

k|
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Main challenges for rural electrification in Tanzania

‘There s alack of political wll and support from the government to minigrids. Currently,
the national focus has been to extend the national grid with the aim to connect al
villages to electriity through the Rural Electification Agency (REA). However, the
national grid already has issues providing capacityto rural areas. Many rural areas
which are connected to TANESCO experience regular power outages and poor quality
of supply. There is a need to have clear policies and long-term planning that involves
TANESCO and other stakeholders i the energy sector.

There is a mismatch between benefts that can be derived from electrcity by the
villagers/rural households and developers. Vilagers view electricty as a good that
Should be socially available and enjoyed at minimum cost. Thus, communities expect
the government to plan for electriity availability that is affordable. This makes people
i rural areas reluctant to get electricity connections from other sources than the
national grid. Vilagers usually have less motive to pay to get a connection i they feel
the cost would be higher than the benefitthey are ikelyto get from it. Thus, to
promote people’s ability to pay for and use electriciy, the government needs to not
‘only ensure people’s connectivity but enable them to benefit more broadly through
cohesive development plans.

How can policymakers, practtioners and communities collaborate to improve.
processes for rural electrification?

‘There needs to be a greater connection between policymakers and other actors n the.
‘energy sector for example having open meetings between EWURA and is stakeholders.
Open platform meeting would create opportunities o discuss challenges and
Strategize solutions. This needs to include TANESCO, as they are mandated by the
government to produce and supply electricty.

“There needs to be more joined-up planning for development, particularly on productive.

uses of electricty. Ths could include providing more education on opportunities to
‘communities, bt this also needs to be faciltated through holistic development, For
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example, rural communities need access to markets through improved transport and
communication infrastructure.

To become cost comparative to the national grid, most minigrid projects require
subsidies. It s important to look at how these can be delivered to ensure faimess, both
within and between communities.

Tariff structures and inequality

We've found poorer customers pay higher rates per unit on most minigrid projects.
Block tarifs, time of use tariffs, and monthly charge tarifs mean poorer customers with
lower usage (e.g, justligts and phone charging) pay more (about double) per unit
than customers with adtional appliances. Companies preferentially connected
‘wealthier customers. Customers were also aware of the significantly hgher prices they
pay compared to rates charged by TANESCO (1-3000 Tsh per unit vs 100 Tsh per unit).
Difficulties with high tariffs cause customers to sef-disconnect, not using electricity for
many days or months. Other issues with tariffs included customers not understanding
how they worked and being frustrated that units would run out.

‘What can companies do to support poorer customers in communities?
- Flexible payment plans - many rural households have irregular income, 50 can
struggle to pay higher monthly payments. They prefer to be able to pay in

smaller amounts throughout the month.

- Companies could also provide a wider range of services, such as charging
stations, to allow poorer customers to access basic services.

- When planning tarifs, consider how they will mpact poorer customers
compared to wealthier customers.

- Involve the community in planning to understand their needs and what they are
able to afford,
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Should companies be motivated by profitor by providing services to communities?
Many companies are motivated to provide services to commanities with a focus on
long:term profi realsation. However, often minigrids have had a longer turnover of
their investments than expected, especialy for solar minigrids, which discourages
‘companies from expanding. These difficuties are said o be attributed to low
connectivity, and poor payments of electricty fees and units by customers.

How could companies be incentivised to distribute the costs of projects more fairly?
At present, minigrid tarffs refiect actual costs that companies incur. They need to be.
subsidised to be able to charge similar tarffs to TANESCO. With more resources
allocated to create awareness and understand the nature of customers, minigrids
should also work closely with TANESCO to help minigrids ensure customer affordabiliy.
How can customers be involved in tariff planning?

Many customers have been surprised by the costs of tariffs once the project has
arrived. They'd prefer to have known the real costs before the community agreed to
the project. This means involving the community at the early stages of project planning,
and giving them knowledge and skills to engage in the process.
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Minigrid planning

Research has found that many solar minigrid projects are oversized, leading to
‘additional costs for communities and diffculties for practitioners. Two issues we have
identified are customers not being able to pay tarifs (so expected demand not
materialising), and difficultiesin estimating demand. Analysis from our project shows
that asking households about appliance usage can overestimate the peak usage, but
underestimates usage at night.

N e em——

How to estimate demand to size minigrid projects?
Most demand estimates are done without clear sensitization of the community on
productive use of electrcity, or with an understanding of how the abilfty to pay varies.
Looking at the existing economic actvites in the area, as well 2 several households via
customer survey, can make a clearer estimation of the project load. This needs to.
include an understanding of the wider context n the community, sich as how.
ulnerable people’s incomes are and how they vary.

How could minigrid sizing be improved?
- Further research to understand how and why customer demand varies.
- Offering different services - such as charged solar lanterns or batteries -to
customers further from the grid.
- Identifying anchor customers or stting up a business to act as one. For example,
fish farming with freezers.
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Sensitise the community on the productive use of electricity before establishing
the project

Use modular structures so the capacity of projects can be increased or decreased
i demand varies, which would require more flexible regulation.

Case study - fish farming on Bwisya Island

On Ukara Island, a solar minigrid by JUMEME company provides electricty to some
villages i the local community on this Island. The Island i located in the Southeastern
region of Lake Victoria in Mwanza and consists of eight vilages, with Bwisya being the
capital of the island, which is where the project isstationed. The local community uses
electricity for many purposes, such as ighting, and small machines in millr or barber
shops. Other productive uses of energy include the bakery, wood and metal workshops,
the company with the local community. The fish farm has
reated employment for local people through the availabiity of cooling and storag
facilties for fish. The company is 2 big buyer of tilapia which pays higher purchase
prices for fish than local buyers. The company then store collected fish to transport to
Dar es Salaam, the capital city in Tanzania. Through this, the company has stimulated
community engagement and maximised productive uses of electriity. The company
has worked with the local government to successfully connect the school and t

medical centre to electrcity. Community engagement makes t easie for locals to

10
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understand the nature of the services provided by the company and be part of the.
project.

[ ——

However, there is always a risk of customers’ demand for electriity fallig short of the
minigrid or developer's expectations. Understanding this risk JUMEME uses mitigation
strategies such as assessing demand, using promotion and support activities as well as
using technology, pricing and information mechanisms to manage demand. Businesses
that have converted to electricity include the bakery, which before used firewood to
power up its oven for making bread, and the milling machine, that used petrol. The
switching to electrcity by these users did not only save them costs but increased
efficiency n terms of reduced manual abour, and time and increased sales.

1u
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There are stil challenges faced by the company that range from unreliable national
policiesand support on minigids operations to remoteness,poverty, inadequate access
to finances (and a challenge of dlayed payments by customers wh receive appliances
on credit), businessskills and knowiedge and poor transportation falites. The company
opes to extend its nvestments in promoting productive uses through supporting
agricultural and fishing activities. The aim s not only to create and demonstrate
awareness to local on PUE but to enhance the local community' incomes so that they
can bein  positon o pay for lectricy.

2
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Customer preferences

We found that customers preferred the tariffstructure and price of TANESCO, but the
eliabilty of solar minigrids. Companies offered a range of customer services.

How could customer preferences be integrated into minigrid planning?

- Customers appreciate information on the payments they make, and how much
‘energy they have used/have remaining.

- Reducing the costof tarifs that customers pay. This may require minigrids to be
supported by the government of private investors in the energy sector to help.
cut costs of minigrids to be able to offe rates that are preferred by customers.

- Minigrd projects in Tanzania use a range of approaches to customer services.
Larger companies operate through local agents, with  central team responsible:
for finance, admin, and repair. Other companies use models of having  greater
number of staff on site. Our research shows that people value having in-person
contact with the company, easy access to their account details and local technical
support

- Customers disiked having to pay additional cost, for example when topping-up
pay-asyou-go accounts.

15
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Barriers to opportunities

We found that many of the things that people hoped for from electrcity were not
materialised in communities. Particularly the use of electrciy for businesses, cooking.
and education.

How could policymakers and practitioners support these uses?

- Provision of education on productive use of electicty.

- The focus of EWURA should be a balance between accessibiity and connectiviy.
‘Atthe moment, there is more emphasis on increasing people’s accessibilty to
electricty services with lttle means to increase connectivity. Thus, to be able to.
measure the impact we need to also think of connectviy.

There s a need for a multisectoral approach. That s to link other sectors such as
agriculture and industrial actviies to support electricity uses in communities
Understanding the local context of people i of paramount importance - this will
make projects involve the community and the community wil place a high value
on projects to guarantee their success.
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Access to financing

“The two main issues are that minigrids need significan financing to implement
projects, and that communities need micro-financing to fund connections and
appliances

Different minigrid projects have been outsourcing finance from different investors and
donors to make finance access easy for local communities. Financing iniiatives include
providing electric appliances (such as sewing machines and air compressors) on credit
and providing loans for connections, with payments being paid n installments after an
agreed period of time.

Nevertheless, often failures of customers to payback their loans on time discourages
companies that provide credit. It has been a challenge for minigrids companies to bring
n partners and other stakeholders o faciltate easy and affordable micro-finance.

‘Are there others who should be involved?

From the interviews with developers, they call upon other stakeholders such as the
microfinance, Vikoba and Saccos groups, electric appliances shops, academics and local
community people toall be engaged.

5
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How to ensure finance is being used effectively, including supporting the poorest?
‘A regular auditing of the projects will greatly help to evaluate the project’s strength and
be able to resolve the weaknesses which will g0 a long way to capture opportunities
that ensures the poorest are involved and considered in the project development.

What is needed to improve access to project funding?
- Design and implementation skills
- Anincrease in patient funding, as it an take time for a project to be profitable
- Additional grants and subsidies to enable affordable tarifs for communities.
- kil and training in designing projects and applying for diferent sources of
funding.
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ya kutengeneza grid ndogo ndogo zenye

mafanikio yanayokidhi mahitaji ya jamii za
Muhtasari

NyenzoMwongozo huu i mwendelezo wa kazi ya utafiti ya Hannah Mottram ya PD,
youngwa mkono na Theresia Mroso. Mwangozo huu ni mojawapo ya kazi ya utafiti
uliomhusisha Hannah akishirikiana na Theresia Mroso. Ufadhili wa kaz hii umetolewa.
na Mtandao wa Utafiti wa Umaskini wa Mafuta ili kutengeneza mwongozo
utakaowezesha watunga sera na watendaji wa gridi ndogo ndogo kwenye kusimamia
na kuendesha shughuli zao.

Mwongozo huu umekamilika kufuatia miezi nane ya utafit uliohusisha kutembelea
miradi sita ya gridi ndogo ndogo kwenye maeneo yaliyochaguliwa nchini Tanzania.
Timu ilifanya mahojiano na watoa taarifa wakuu, kama vile watengeneaji wa gridi
ndogo, mafundi na wasanifu wa miradi ya gridi ndogo viongozi wa vij, pamoja na
‘wanajamil. Tulifanya vikundi lengwa ii kutambua mtazamo wa wanakijiijuu ya ubora
‘wa gridi hizo na kuendesha shughulishirikishi kama mafunzo ya vitendo ya umuhimu
‘wa nishati ya umeme lengo likiwa kuelimisha jamil juu ya matumizi mbali mbali ya

Kama sehemu ya mradi huu, tumechanganua tena Taarifa silizokusanya wakati wa

wa umeme vl nchini Tanzania". Kupita mfululizo wa mahofiano na warsha ya
miandaoni, wadau walipata nafasi ya kujadii na kutoa mapendekezo yao
yaliyopelekea kuweko kwa andiko hil. Lengo la mwongozo huu i kutoa ujumbe
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Jinsi ya kufafanua mafanikio ya gridi ndogo za umeme

Kuna njia nying ambazo "mafanikio" yanaweza kul
gridi ndogo ndogo suala la linalohitaji mjadala kulingana na kiwango, eneo husika

nuliwa. Mafanikio ya mradi wa

linalofanyiwa mrad, pamoja na ushuru na miundo ya bei zinazotozwa kwa wateja na
mapato ya kaya. Vipimo vya kiufundi na kiuchumi vinaweza kuwa idadi ya miunganisho,
mapato yakilinganishwa na matumiz, na idadi ya kukatika/kute
Vipimo vya kijamii i pamoja na athari kwa kaya na jamil, haswa kwa kuzingatia vikundi
Kija
upatikanaji umeme wa kutosha, uhakika na bei nafuu ya um
kwa wanavijii wengi.

Kuna uhusiano baina ya vipeng

mewa kwa mr

tofauti v i, iutamaduni na kiuchumi. Katika maeneo ya vijjini kama vile Mpale,

me ni jambo la manufaa

tofauti - kiwa kaya zinahisi kuhusika zaidi katika
mradi, zinaweza kuwa na uwezekano mkubwa wa kulipa ankara zao kwa wakati kuliko
zile ambazo hazina mahusiano mazuri na mradi. il inamaznisha kuwa gridi ndogo

ndogo zinaweza kudumishwa, kukiwa na kiwango kikubwa cha kuridhik kwa wateja na

ukatikaji umeme kuwa wa wastani au kidogo. Ni muhimu kuzingatia hatua hizi i w

Fahisi kuw nikiwa au haujafanikiwa.

2 kufanya tathmini kama mradi umef
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Uchunguzi kifani - ufugaji wa samaki kwenye Kisiwa cha Bwisya

Katika Kisiwa cha Ukara, gridi ya jua fliotengenezwa na kampuni ya JUMEME inatoa
umeme kwa baadhi ya viji katika jami ya wenyefi katika Kisiwa hiki. Kisiwa hiki kipo
Katika ukanda wa kusini mashariki mwa ziwa Victoria kisiwani Ukerewe. Kina vijji vinane,
huku Buwisya ikiwa ni makao makuu ya kisiwa hicho, ambako ndiko mradi ulipo. Jami ya
wenyeji hutumia umeme kwa madhumuni mengi, kama vile taa, na mashine ndogo za
kusaga na kukoboa nafaka au maduka ya vinyozi. Matumizi mengine yenye tija ya nishat
i pamoja na kiwanda cha kuoka mikate, karakana za mbao na chuma, pamoja na shamba
Ia samaki linaloendeshwa na kampuni pamoja na jamii ya wenyeji amabo utumia umeme
kwa shughuli mbalimbali hapo kijjini. Shamba la samaki imetoa ajira kwa wakazi wa
eneo hilo kupitia upatikanaji wa vifaa vya kupozea na kuhifadhi samaki. Kampuni il i
mnunuzi mkubwa wa samaki aina ya sato ambayo inalipa bei ya juu ya ununuzi wa samaki
kwa wavvi kuliko wanunuzi wa ndani. Kisha kampuni hiyo huhifadhi samaki
waliokusanywa na kuwasafirisha hadi Dar es Salaam, mji mkuu wa kibiashara wa
‘Tanzania kwa ajli ya kuwauza. Kupitia il kampuni imechochea ushirikiano wa jamii na
kuongeza matumizi yenye tia ya umeme kijjini. Kampuni hiyo imefanya kazi na serikali
ya mtaa il kufanikisha kuunganisha umeme katika shule na kituo cha afya. Ushirikiano
wa jamii hurahisisha wenyeji kuelewa asili ya huduma zinazotolewa na kampuni na
kuwafanya kujisikia i sehemu ya mradi
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Vifurushi vya Kuunganishwa Umerme  +; PowerGen
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