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Thesis Abstract

The contents of this thesis are focused on minigrid organisation design, governance and sustainable
functioning in a developing country context. The research covers the analysis and design of minigrid
organizational frameworks in the region, as well as, analysis and design of governance mechanisms to
oversee their operations, and ensure their long-term viability and sustainability within the broader economic
and institutional context. It involves considerations of regulatory and policy frameworks, minigrid
ownership, decision-making processes, and the alignment of incentives to promote efficient and sustainable
energy delivery to communities. The research contributes to enhancing our understanding of how
institutional frameworks impact the performance and longevity of energy projects. It further advances
scholarly discourse on energy governance institutions and how their structure(s) link to energy sector
outcomes offering insights that can inform policy-making, investment decisions, and community

engagement strategies.
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1 Introduction

1 Introduction

This thesis is organized in a series of four conceptually related but independent research
studies focused on minigrid organization design, governance and sustainable functioning.
Minigrids by definition are localized electricity generation and distribution systems that serve a
small geographic area, typically used to electrify remote communities where extending the main
grid is not feasible or cost-effective (Pedersen, 2016). Rapid technology advancements coupled
with reducing hardware costs have made mini-grids an increasingly viable option for driving
electricity access in rural marginalized communities. They play a crucial role in increasing access
to electricity, especially in rural and underserved areas, and can contribute to sustainable
development by fostering economic growth, improving living standards, and supporting various
social services (Dal Maso et al., 2020). The four research studies incorporate desk research via
literature reviews, utilize institutional economics frameworks, apply network theoretic and
systems dynamics modelling, and incorporate case studies and empirical survey findings. They are
set within the context of East Africa - a developing region characterized by some of the world's
lowest electrification rates (IEA, 2022). In a developing country context, structural externalities
such as limited infrastructure, socio-economic disparities, and weak governance systems, are
critical considerations in institutional economics research (Helmsing, 2003). These factors have
significant impact on the functioning of institutions, the behavior of economic agents, and the
overall performance of markets and systems. In the different research studies, we attempt to

understand, address and account for these structural externalities.

A substantial body of literature within economics and political science underscores the crucial
role of institutions in shaping outcomes, and development trajectories (Casson et al., 2010;
Matthews, 1986; Nelson and Sampat, 2001; North, 1990b). This discourse has extended into the
area of sustainable development, with emphasis on the role of institutions in governing markets,

natural resource management, climate change mitigation, and socio-economic progress
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1 Introduction

(Acemoglu and Robinson, 2008; Cleaver, 2002; Hermann, 2008; Leach et al., 1999). Moreover,
research on institutions in the energy sector has been robust and evolving, reflecting the growing
recognition of the criticality of institutional factors in shaping energy policies, regulations, and
outcomes. It has been applied to analysis of the design and effectiveness of energy policies and
regulations (Seungtaek Lee et al., 2015); investigation of institutional structures and governance
mechanisms within energy markets (Erdogdu, 2013); examination of the role of local
communities, NGOs, and other stakeholders in energy decision-making processes (Sanne Hettinga
et al., 2018); etc. In this thesis, we employ an interdisciplinary perspective in application of these
different discourses combining contributions from institutional economics with those from
development economics, network institutionalism and social network theory, behavioral
economics and psychological theories, to shed light on sustainability of institutions, the link
between network structure and performance, market imperfections and failures, and how these

factors influence consumer choices and behaviors.

Over time, the concept of institutions has evolved from its initial definition as formal
organizations like governments and corporations to later encompassing informal institutions such
as customs, traditions, and social norms shaping behavior and outcomes (Hodgson, 2006). For this
thesis, institutions are defined as human-made constraints or rules that govern and shape human
interactions (North, 1990a). Knight (1992b) describes them as established systems of social norms,
rules, and shared strategies that organize and guide human behavior. The rules in this case are
central as they set the groundwork for actor engagement, providing a degree of predictability
regarding others' actions in a given context. This predictability facilitates individual decision-
making and multi-party negotiations, allowing them to progress with a measure of certainty
(Nelson and Sampat, 2001). These rules can range from formal laws, policies, and regulations to
informal cultural norms or standard operating procedures. They establish incentives for desired
behaviour in recurring situations (Crawford and Ostrom, 1995) and are crucial for managing

situations that necessitate coordination among large groups of people (Hurwicz, 1994).
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1 Introduction

This thesis bridges both old institutionalism and new institutionalism in its analysis of
institutions. Old institutionalism, exemplified by scholars like Thorstein Veblen and John R.
Commons, emerged in the late 19th and early 20th centuries within economics and sociology
(Hodgson, 1998). It focused on the role of institutions, including laws, customs, and traditions, in
facilitating or hindering efficient resource allocation, economic growth, and development; and it
tended to view institutions as relatively stable and slow to change (Chavance, 2008; Hodgson,
1998). In this context, Chapter 2 of the thesis applies Ostrom's Institutional Analysis and
Development (IAD) framework to analyze what are fairly stable and established regulatory and
policy frameworks of minigrids. It investigates minigrid systems and their service provision as a
collective action problem requiring interorganizational coordination; whose institutional
arrangements must maximize incentives to cooperate if the systems are to be sustained over the
longer term (Imperial, 1999). The IAD framework is a tool or structured approach within the
broader field of institutional economics that has been applied to the understanding of institutional
arrangements that facilitate or hinder effective resource management and collective action
(Ostrom, 1999a, 1990a, 1986). It emphasizes the importance of context-specific analysis,
collective decision-making, and the roles of different actors within institutional settings (Polski

and Ostrom, 1999).

As part of this study, we explore the questions: What institutional factors are pivotal in
determining sustainability outcomes in minigrid systems? What are the essential decisions and
actors’ patterns of interaction contributing to or in the way of desired sector outcomes? This
IAD study conducts a comparative institutional analysis of the minigrid sectors in Uganda and
Tanzania, examining outcomes and developing a diagnostic framework to understand the causal
interactions between actors and the external contexts that impede the sustainability of the sector.
The study reveals notable institutional inefficiencies in the sectors examined, leading us to
recommend a flexible solution strategy. This strategy involves strategically modifying the

adaptable elements of the IAD framework, focusing on addressing the root causes rather than
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1 Introduction

merely the surface problems. This approach enables targeted interventions by making precise

adjustments to directly and effectively tackle the underlying issues.

Moving from old, to new, the emergence of ‘new institutionalism’, attributed to scholars like
Douglass North (North, 1995), Paul DiMaggio (DiMaggio, 1998) and John Meyer (Meyer, 2010)
expanded the scope of institutional analysis to include informal institutions such as norms, culture,
and beliefs. New institutionalism explores how institutions evolve, how they influence behavior
and outcomes, and how they are influenced by broader social, economic, and political forces
(March and Olsen, 1983). The approach aimed to shed light on the interaction between formal and
informal institutions and how they shape behavior and influence outcomes. Within this framework,
a specific focus emerged on institutional analyses related to collective decision-making structures
exploring how individuals self-organize to create systems of rules and governing structures to
address common challenges without relying on external institutions (Hall and Taylor, 1994;
Ostrom, 2020). Notably, Elinor Ostrom's pioneering work on common pool resources and the
design of sustainable institutional arrangements has been instrumental in advancing this discourse

on new institutionalism (Ostrom, 2005, 1999a, 1999b, 1990a).

Similarly, as prominent under the realm of new institutionalism, is Ostrom’s contribution in
form of design principles — essentially prescriptive guidelines for designing effective governance
institutions. Ostrom Design Principles (ODPs) are based on empirical observations across diverse
settings contributing valuable insights by demonstrating how institutional arrangements can foster
sustainable governance and address collective action problems within specific contexts (McGinnis
and Ostrom, 1996; Ostrom, 1992). They assume a relatively stable and predictable environment
and emphasize local-level management of common-pool resources. They represent what are
generally accepted as standard features of successful governance systems of common pool
resources such as clearly defined boundaries, collective choice arrangements, monitoring

mechanisms, graduated sanctions, etc. Chapter 3 of this thesis explores how these principles apply
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to a minigrid system — a complex adaptive socio-technical system characterized by emergent
behavior, deep uncertainty, and intricate interaction between physical, technical and social
subsystems (Anderies et al., 2003). Further, drawing from development economics literature,
which posits that institutional quality may account for the continued poverty among poor countries
(Pande and Udry, 2005), the study examines the salient dynamics when quality institutions as
defined by ODPs confront structural externalities in a remote rural developing country context. It
specifically answers the research questions: What are the choice set constraints actors face in
these contexts? What causes suboptimal decision-making and behavior in this developing
context? How resilient are generally accepted institutions and design principles in the face of

emergent effects arising from a minigrid system set in this study context?

This study specifically explores the resilience of ODPs in the face of emergent effects arising
from rural community minigrids as complex adaptive socio-technical systems. It seeks
understanding on how institutions can bolster the resilience of energy systems in these contexts,
promote equitable energy access and meet the energy needs of these marginalized communities.
The study employs Systems Thinking and feedback loop analysis to explore how interactions
between institutional and physical infrastructures, socio-cultural factors, and the external
environment impact the design, organization, and functioning of minigrid systems. The findings
highlight the urgent requirement for adaptive governance strategies in rural contexts, especially in

light of structural externalities beyond community control.

The thesis further extends new institutionalism to the realm of organizational analysis whose
focus is on examining the relationships among formal rules, informal norms, social networks, and
purposive action (Brinton and Nee, 1998). The emphasis here is on how institutions and networks
combine to determine economic and organisational performance. The social mechanisms through
which institutions shape the parameters of choice are actually built into ongoing social

relationships - network ties structuring a wide array of economic phenomena (Nee and Ingram,
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1996). Network institutionalism, a branch of institutional theory, underscores the embeddedness
of organizations and individuals within social networks (Ansell, 2008; Ohanyan, 2012). It
emphasizes that social networks play a crucial role in shaping and spreading institutional norms,
practices, and arrangements across organizations and societies. This approach integrates insights
from social network theory into institutional theory to explore how network structures influence
institutional stability, change, and innovation (Owen-Smith and Powell, 2008). It examines factors
such as the patterns of relationships, the centrality of key individuals or organizations within
networks, and the density of connections, all of which affect the adoption and diffusion of
institutional practices (Clemens and Cook, 1999). Network institutionalism also considers how
power and influence are distributed within networks, and how influential actors can drive
institutional change or reinforce stability (Ibid). By highlighting the role of social networks as
conduits for transmitting institutional norms and practices, this perspective enriches our
understanding of how networks shape organizational behaviors, collective actions, and societal
outcomes. Utilizing network institutionalism and social network theory Chapter 4 in this thesis
quantifies the influence and constraints imposed by the network’s structure, emphasizing their
effects on agents' identities and possible strategic interactions within the energy sector. It
specifically answers the research question: How do these structural characteristics define node-

level influence and value in the network?

This study examines the link between network structure and performance for the case of a
minigrid financing and investment network in Uganda. It dissects the power-political
consequences of network positions across three crucial dimensions: accessibility to other actors
and the advantages therein, the role of brokerage and the influence derived from connecting
disparate network nodes, and the efficiency of resource diffusion as shaped by the strategic
positioning of actors. Through Principal Component Analysis (PCA), the study integrates essential
centrality metrics to construct comprehensive influence scores that capture these multifaceted

aspects of power within the network. The study reveals that access power benefits more from
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influential and non-redundant connections than from merely having a high quantity of connections.
It also finds that a node’s brokerage power is more significantly impacted by the interconnections
among its neighbors than by its strategic placement on the shortest paths between nodes.
Additionally, resource diffusion is determined not by proximity to neighbors but by a node’s
strategic location along essential communication pathways and its critical role in overall network

connectivity.

Ultimately institutions play a critical role in shaping individual behavior and decision-making
processes. Formal rules establish default options and incentives that guide decisions, while
informal norms influence social preferences and behaviors (Sunstein, 2015). Behavioral
economics enriches our understanding by exploring how cognitive biases and psychological
factors influence decision-making, deviating from traditional economic models (Reisch and Zhao,
2017). Institutionalism incorporates these behavioral insights to examine how institutions adapt to
or resist behavioral changes. It investigates how institutions can be designed or reformed to better

align with behavioral realities and achieve desired outcomes.

Chapter 5, the final research study in the thesis relies on choice architecture - a concept within
behavioral economics with a focus on designing decision environments to encourage specific
behaviors (Thaler et al., 2013). Institutions set the framework for choice architecture by
establishing rules, incentives, and constraints. Understanding behavioral tendencies helps
institutional designers develop more effective policies and governance structures. The study sets
out to answer the research question: ‘What is the impact of key rationing choice architecture
strategies on power consumption behaviors and overall minigrid system and market stability?
This thesis sub-study is rooted in fundamental theories of choice architecture and behavioral
economics applied to energy management. Choice architecture theory investigates how decision-
making environments influence individual choices and behaviors. The research aims to advance

understanding of how institutional designs and decision-making frameworks can foster sustainable
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energy practices in resource-limited environments. The study utilizes a Traffic Light System (TLS)
with visual and accoustic queues to regulate power consumption choices, aiming to guide
consumers towards more sustainable energy use patterns. The system adopts a tiered strategy,
starting with gentle nudges using visual color and acoustic cues and progressing to harder choice
architecture culminating in automatic power disconnection. The implementation of this system
resulted in a 47.4% reduction in peak energy demand, alongside a significant change in power
consumption patterns of the community underscoring the efficacy of nuanced behavioral nudges
in combination with goal setting in achieving significant and enduring changes in energy use

behaviors.

In sum, these different strands of institutional research, here applied to the analysis of energy
sector minigrid institutions, collectively form the foundation of this thesis. The thesis assesses the
effectiveness of minigrid institutions, investigates the institutional complexities and prospects
associated with integration of minigrids as complex socio-technical systems into rural
communities, examines how network positions within energy policy networks influence relative
power of stakeholders, and evaluates the effects of various choice architecture strategies on power
consumption behaviors. The thesis findings make significant contribution to the institutional
economics literature by demonstrating a systematic application of the IAD framework to the
diagnosis and treatment of institutional inefficiencies in minigrid sectors in a developing country
context. Moreover, researchers get an enhanced understanding of the intricate socio-technical
dynamics of minigrid systems, illuminating the interactions between institutional arrangements
and the physical and social subsystems. Additionally, the ODP study offers empirical insights into
the resilience of ODPs amidst emergent effects from minigrid socio-technical systems in a rural
developing country context. The findings provide practical guidance for designing effective
institutional arrangements that promote sustainability and resilience in energy access initiatives.
Furthermore, the Social Network Analysis (SNA) study makes a substantial contribution to

academic literature by providing insights into the structural dynamics of energy policy networks.
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The development of influence scores for access power, brokerage, and resource diffusion
introduces crucial new quantitative measures that contribute to empirical research on network
dynamics, providing guidance on optimizing network structures for effective policy formulation.
Lastly, the choice architecture study enriches academic discourse by demonstrating a novel
application of behavioral economics principles within the context of energy management. The
Traffic Light System (TLS) exemplifies an innovative approach that integrates real-time energy
monitoring with intuitive, color-coded signals to effectively influence consumer behavior. This
application expands the theoretical framework of choice architecture by showcasing how non-

financial nudges can significantly impact energy consumption patterns.

The rest of this document details the motivations, methodology, results, discussions and policy
implications of the four research studies comprising this thesis. Chapter 2 covers the IAD
framework study, Chapter 3 discusses the ODP study, Chapter 4 presents the SNA study, and

Chapter 5 explores the choice architecture study.
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2 Governance Institutions Galvanizing Minigrid Performance

An IAD Framework Analysis of Minigrid Institutions for
Sustainable Rural Electrification in East Africa: A Comparative
Study of Uganda and Tanzania'?

Lillian D Namujju®, Henrietta Acquah-Swanzy?, Irene F Ngoti*

Abstract

Minigrids offer a viable solution for extending electricity access to underserved areas beyond the reach of main-grids.
Their sustainability is crucial for rural electrification prospects in Sub-Saharan Africa. Using Ostrom’s TAD
framework, we conduct a socio-cultural and institutional analysis of minigrids across their development stages. We
map sector actors and their respective roles in the minigrid sector providing a framework for their interactions and
choices towards sustainable outcomes. We further present a comparative institutional assessment of Uganda and
Tanzania’s minigrid sectors; analyzing outcomes and constructing a diagnostic framework of the causal actor
interactions and exogenous contexts hindering sector sustainability. Our study reveals the inherent challenge posed
by the complex interdependencies within the minigrid sector and its relationship with adjacent sectors. It further
uncovers significant institutional inefficiencies in the minigrid sectors of Uganda and Tanzania. We advocate a
flexible solution strategy, wherein, regulators strategically modify the adaptable components of the IAD framework
considering the specific root causes of problems. This approach allows for targeted interventions through precise
adjustments to effectively address underlying issues. Additionally, we emphasize the importance of policy integration

mechanisms with adjacent sectors and a policy design process that incorporates the core values of sector actors.

JEL Codes: D02, D04, E02, Q48
Keywords: Minigrid sustainability, Institutional analysis, IAD framework, Energy policy,

Regulatory framework, Sub-Saharan Africa.
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2 Governance Institutions Galvanizing Minigrid Performance

2.1 Introduction

Minigrids have been posited as economically viable options for driving electricity access in
underserved areas beyond the reach of main grids (Ahlborg and Hammar, 2014; Motjoadi et al.,
2020). In Sub-Saharan Africa, with some of the lowest electrification rates in the world (IEA,
2022), the viability and sustainability of minigrids is central to the achievement of SDG7 -
sustainable energy for all by 2030. While technical and financing factors in the study of minigrid
sustainability are important (Katre et al., 2019; Peters et al., 2019; Poudel et al., 2022; Zebra et al.,
2021), the institutional framework within which minigrids operate is just as important (Palit and
Kumar, 2022; Ulsrud et al., 2018) and is the focus of this paper.

Institutions refer to systems of established prevalent social rules, norms, and shared strategies
that structure human behavior and social interactions (Knight, 1992a). They can be as formal as
laws, policies, and regulations or as informal as cultural norms or standard operating procedures.
They create incentives for desired behavior in repetitive situations (Crawford and Ostrom, 1995)
and are critical in governance of situations that require coordination among large groups of
individuals (Hurwicz, 1994).

We utilize the Institutional Analysis and Development (IAD) framework defined by E.
Ostrom (Kiser and Ostrom, 2000; Ostrom, 1999a; Ostrom et al., 1994; Ostrom et al., 1993; Ostrom,
1990a, 1986) to analyze the institutions governing minigrid implementation and operation. The
IAD framework has been valuable in analysing and designing policy and institutional interventions
in a wide range of political-economic situations (Polski and Ostrom, 1999). It has been utilized to
analyze minigrids as common pool resources (Gollwitzer et al., 2018; Gollwitzer and Cloke, 2018;
Greacen, 2004; Kirubi, 2009; Maarten Wolsink, 2012; Maier, 2007). The Social-Ecological
Systems (SES) framework (extended IAD) has also been used to explain community minigrids
(Holstenkamp, 2019; Sanchez and Tozicka, 2013; Yadoo and Cruickshank, 2010). In this paper,
we apply the IAD framework as a tool for analysing institutions and evaluating policy

effectiveness in the minigrid context.
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2 Governance Institutions Galvanizing Minigrid Performance

Previous works on minigrid policy frameworks have focused mainly on the nature of
institutional structures (Deshmukh, 2013; Franz et al., 2014) while others have examined
ownership structures as a key sustainable factor of minigrid implementation (Duran and
Sahinyazan, 2021a; Duran and Sahinyazan, 2021b). Several have referenced the regulatory
environment to point to challenges facing the roll-out of minigrids (Mondal et al., 2010; Ohunakin
et al., 2014; Peters et al., 2019; Shyu, 2012) without necessarily going in depth into particular
regulations and their implications. In contrast, our study goes beyond surface-level analysis,
undertaking a causal and interactions analysis to establish the underlying rationale behind local
actor choices and patterns of interaction alongside a rigorous structural analysis of minigrid sector
policies in a bid to explain sector outcomes.

Uganda and Tanzania, two of the least electrified countries in the world (IEA, 2022), have
adopted off-grid electrification in a bid to achieve a leapfrog on their rural electricity access targets
(Brenda Banura, 2022; Odarno et al., 2017). We use these two countries as case studies in our
analysis of minigrid sectors in East-Africa, addressing three research questions: (1) What are the
key institutional and socio-cultural considerations driving sustainability outcomes in minigrid
systems? (2) What are the crucial actor choices and patterns of interaction contributing to or in the
way of desired sector outcomes? (3) What are the sustainability implications of Uganda and
Tanzania’s minigrid sector policies?

The rest of the paper is organized as follows: In section 2.2 we present an overview of the
IAD framework and how it is uniquely applied in answering our research questions. In section 2.3
we apply the IAD framework to the general minigrid context to establish the institutions and socio-
cultural factors driving minigrid sector outcomes and go on to map the actors, their roles, positions,
and choices across the minigrid development phases of financing, planning, and implementation.
In section 2.4, we present a comparative and diagnostic institutional assessment of Uganda and

Tanzania’s minigrid energy sectors and in section 2.5, policy implications and conclusion.
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2 Governance Institutions Galvanizing Minigrid Performance

2.2 Methodology

2.2.1 The IAD Framework

The IAD framework is quite versatile and applicable to a variety of research questions about
human decision making (Hess and Ostrom, 2005). It provides an overall view of a complex system
while allowing for focus on certain areas of interest (Oakerson, 1992), but also, assigns the many
variables within the reference context into categorical groups, locating these groups within a
foundational structure of logical relationships (McGinnis, 2011a). Figure 1 highlights the logical
links and interdependencies between the main categories of the IAD framework. Exogenous
variables constitute the biophysical characteristics, attributes of community and rules-in-use. The
action arena is composed of the core actors and their interactions or action situations. Outcomes

are dependent variables with feedback influence on the action arena and exogenous variables.

Action

Biophysical
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Characteristics

Patterns of
Interactions

Action
Situations

Attributes of the

i

o Community Evaluative
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1

1 Actors

1 4 N\ r

1

5 — Rules-in-Use

1 9

1 \_ J Outcomes

1

1

1

L

Femmm—————

_____________________________________________________

Figure 1: IAD Framework. Source: Kiser and Ostrom, 1982

The action arena is the core of the IAD Framework useful in analysing dilemmas in processes
of institutional change (Hess and Ostrom, 2005). Actors’ patterns of interactions within the action
arena are borne out of a combination of the exogenous context, actors’ choices and incentives, and
their actions (Ibid). Here, actors observe information, choose courses of action, engage with each

other in patterns of interaction, and realize outcomes from their interactions (McGinnis, 2011a).
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2 Governance Institutions Galvanizing Minigrid Performance

Information Aggregation
rules rules
Boundary
A i
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Figure 2: Rules-in-use in the exogenous context directly affecting the action arena (Source: Ostrom 2005)

The action situation, contained within the action arena, is detailed in Figure 2. It specifies the
nature of relevant actors, the resources, and choices at their disposal and essentially approximates
the “rules of the game” (Ostrom et al., 1994). The rules-in-use (boundary rules, position rules,
choice rules, information rules, aggregation rules, scope rules, and payoff rules), are exogenous
variables giving structure to and directly affecting the action situation. This here, is the institutional
focus of this study. The IAD framework is useful in analyzing rules-in-use across all levels of
social interaction and choice; from the Constitutional, Policy, and Operational levels (Cole, 2017).
At the operational level, individuals interact with each other and the physical/material resource
making day-to-day choices that affect resource access and use (Hess and Ostrom, 2005). At the
policy level, in addition to regulations being made, collective-choice rules determine who is
eligible to make the rules and how rules may be changed (Polski and Ostrom, 1999). At the
constitutional level are legal-political rules defining who can and cannot participate in making
collective choices at the policy level. The choices made at each of these levels of social interaction
have outcomes that can affect the exogenous context — biophysical conditions, community

attributes, and rules at other levels (Cole, 2017).
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2.2.2 JAD Framework Materialization

We performed a literature review related to the sustainability of minigrid institutions starting
from a general developing country context, followed by case studies specific to Uganda and
Tanzania. It involved a keyword search of SCOPUS, Google Scholar, and general internet
databases for academic and grey literature including research articles, government agency reports,
policy documents, international energy agency databases, and regional minigrid development
agency reports. Included were those studies and reports providing insights into the regulatory
frameworks, policies, and institutional arrangements enabling or hindering minigrid sustainability
in the region. Thematic data extracted from the selected literature were analyzed for common
themes, patterns, and trends (See Appendix B). The study utilized stakeholder insights synthesized
from a variety of regional minigrid development agency reports ensuring region-specific
applicability of research findings.

The IAD framework has been typically adopted for the analysis and understanding of
complex institutional arrangements (Altomonte and Guinto; Lestari et al., 2018; Nigussie et al.,
2018; Oh and Hettiarachchi, 2020) or for the analysis of existing policies (Imperial and Yandle,
2005; Shah and Niles, 2016). In the former, the analysis is focused on identifying the institutional
factors that contribute to the problem or issue (Ostrom, 1990a). It is forward-looking aiming to
inform the development of new policies or interventions to address the problem. In the latter, the
focus is on evaluating the effectiveness of the policies and identifying opportunities for
improvement (Polski and Ostrom, 1999). Here, the analysis is backward-looking aiming to inform
the revision or improvement of existing policies.

For research questions (1) and (2), we adopt the IAD framework to analyze the institutional
and socio-cultural considerations at work in the minigrid sector. Starting with the specific political-
economic context - minigrid sustainability, we work forwards through the framework in Figure 1;
describing the physical and material attributes of the context, proceeding through community
attributes, rules-in-use, action arena(s), patterns of interaction, and outcomes respectively. For
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question (3), we adopt the IAD framework as a diagnostic tool, working backward through Figure
1 to reaffirm or revise policies, evaluate policy outcomes, and understand the information and
incentive structures of different policies. The steps are summarized in Figure 3. Applying both
approaches to the problem adds robustness to the methodology - providing a comprehensive
understanding of the institutional context, allowing for anticipation of unintended consequences

and the design of context-relevant policies.

Outcomes Action Arena
Actors

Isolate a specific policy issue or
program 3a

How do observed policy outcomes -
= How are reference policy outcomes

Specify the behaviours generating
the outcome(s)

compare to policy ohjectives? -
p pl CY OB occuring?
- | Who is involved?
l Physical World
Community Attributes
Evaluative Criteria Rules-in-Use

Use objective criteria to analyze the

Patterns of Interaction

Which outcomes are satisfactory?
Which are not?

Which outcomes are most important?

3b

Identify_contributing_patterns of
interaction

‘What patterns of interaction are
generating the reference policy
outcomes?

conditions, community attributes
and rules-in-use influencing
behaviour in the action arena

What is the nature of the resource?

What role are demographics, culture,
values playing in generating reference

. 4 i o
- | When are the outcomes occuring? behaviour?

How are the rules influencing
reference behaviour?

- | Where are the outcomes occuring? -

Figure 3: Diagnostic application of IAD framework. Source: Authors. Abstracted from (Polski and Ostrom, 1999)

2.3 IAD Framework Analysis of the Minigrid Sector

2.3.1 Institutional and Socio-Cultural Analysis of the Minigrid Context

We use the IAD framework to decompose the minigrid institutional context into its
component parts to understand how actors against a backdrop of technical, social, and economic
constraints interact together to produce desired outcomes. Figure 4 shows core minigrid variables
structured into a relational schema that is the IAD framework.

In the exogenous context are the factors with potential to limit or support the dynamics within
the action arena. Biophysical conditions are physical, biological, technical, and capacity
constraints of the minigrid resource; community attributes are defining characteristics of the

community that pertain to using and managing the minigrid resource (Gollwitzer et al., 2018).
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Figure 4: IAD framework structure of core minigrid institutions. Source: Authors

The Rules-in-use in Figure 2 are at three levels (Cole, 2017): At operational level,
individuals interact with each other and the minigrid making day-to-day choices. There is a
combination of boundary rules and payoff rules determining who is eligible to connect, how they
get connected, prerequisites for accessing power once they are connected, sanctions for breaking

the rules e.g. disconnections and fines, and how costs and benefits are allocated among grid users
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(Gollwitzer et al., 2015). At the policy level, regulators craft regulations for the operators and
consumers while the minigrid operator sets the rules of service for consumers. At the constitutional
level are position rules that establish who can issue minigrid licenses and craft governing policy
for the sector.

At its centre, Figure 4 lists the central actors: Investors are private, local governments,
donor/development partner agencies, or host communities funding minigrid implementation.
Regulators are autonomous agencies including electricity regulatory authorities, rural
electrification agencies, etc. who regulate, supervise and monitor operations. The role of the
central government is through the legislature making policy and government ministries e.g.
Ministry of Energy facilitating sector funding as well as creating an enabling environment
(Akinlabi and Oladokun, 2021). Local governments provide permitting and local approvals for
minigrid operations. Host communities are target consumers of power and resource partners in
minigrid implementation. Interest groups including Non-Governmental Organisations (NGOSs),
donors, and development partners are usually invested in influencing policy.

The Interactions box lists only a subset of a myriad of possible interactions among these actor
groups. They are grouped into four main functional arenas of interaction: First, minigrid resource
appropriation involves interactions of consumers with the minigrid resource in the sale and
purchase of power and interactions of the minigrid resource system with the biophysical context
in terms of resource generation. Second, the rule-making arena is where different rule-making
agencies interact to draft governing rules for the sector. Third, the resource maintenance arena
involves interactions on the part of the operator, consumers, and the resource system on
maintenance, and lastly, the monitoring and supervision arena in which the operator, consumers,
and regulator interact to ensure compliance with established rules.

Outcomes are generated at the juncture of action situation outcomes, actors’ choices and
interactions, and exogenous impacts. There are a number of minigrid outcomes including social,

political, and economic impacts on the host communities. Via feedback loops, these outcomes
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impact back onto the exogenous variables and action situations, gradually changing the overall
system response. Minigrid outcomes influence the choices and decisions of actors via the inner
feedback loop e.g. improved economic prospects drive decisions to consume more power, and
outcomes influence gradual changes in the exogenous variables via the outer loop e.g. increase in
sales profits influences decisions on further investments in capacity upgrades (Gollwitzer et al.,
2018).

Evaluative criteria are applied by sector actors and external observers to assess system
achievements against objectives. For the minigrid context, applicable criteria may include
economic efficiency, administrative efficiency, distributional equity, and administrative

transparency.

2.3.2 Action Arenas in the Minigrid Implementation Context

Building on the minigrid institutions and social-cultural context presented in section 2.3.1,
we now explore the action arenas that make up the three main stages of the minigrid
implementation cycle — Minigrid Financing, Planning and Design, and Implementation. For each
stage of minigrid implementation, we systematically examine the core actors, the rules or
institutions at play, key information requirements, and net costs and benefits, all of which feed into
actors’ choices and ultimately the outcomes. These three action arenas may happen simultaneously
or in sequence such that the outcomes of one arena become important inputs for the next action

arena (McGinnis, 2011b).

2.3.2.1 Minigrid Financing
In this arena, minigrid investments are motivated and funded. Information on business plans,
grid ownership models, and risk assessments are prepared as inputs into investment decisions.
Investments come from private investors, donor organizations, governments, direct from the target
minigrid communities, or a hybrid combination of 2 or 3 sources. The source of investment
determines the minigrid ownership model, the payback, and Return on Investment (Rol)

requirements.
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Actors (Roles)

Investors
(Financier)

- Private

- Government
- Community

Regulator
(Regulator/
Licensor)

- Regulatory
agencies

- Government
agencies
Minigrid
Developer
(Developer)

Table 1: Analysis of Minigrid Financing Action Arena

Information
requirements

- Local tax rates
- Approved tariff
regime

- Available government

concessions, subsidies
- Investment Payback
period

- Local currency rates
- Local interest rates

- Business plan(s)

- Business risk
assessments

- Licensing procedures
- Target minigrid
location and fit in
master plan

- Source of investment

(local/foreign)

- Business ownership,
operation structure(s)
- Local tax rates

- Approved tariff
regime

- Available government

concessions, subsidies
- Investment Payback
period

- Local currency rates
- Local interest rates

- Government
electrification master

plan(s)

Choices

- How much to
invest

- How long to
invest

- Choice of
minigrid
ownership model
- What rate of
return to expect
- Direct
involvement in
operations or
delegation?

- To approve
license or not

- Financing
support in terms
of concessions,
subsidies

-Choice of
investor/partners
- Choice of
payback terms

Net Costs &
Benefits

- Cost of
investment

- Potential
investment
gains or losses
- Ownership
stake in a
minigrid asset

- Achievement
of electrification
master plan(s)

- Direct energy
sector
development

- Minigrid
funding

- Business profit
share

Outcomes

Private/public
/community
investment

- Minigrid
operation
licenses

- Minigrid
concessions,
subsidies (if
any)

- Minigrid
funding

- Investment
partnerships
- Profit share
and payback
agreements

Rules

Boundary rules

-> Minigrid
investments must fit
in designated areas
as per master plan

Position rules

-> Regulatory
agencies are
mandated by law to
license sector
investors

Choice rules
->Investor/operator
compliance with all
license Terms &
Conditions,
Guidelines &
Directives

Information rules

-> Mandatory regular
financial reporting to
the regulator

Payoff rules

-> Minimum
expected pay-back
period and Return on
Investment ->
Regulator approved
tariff regime

In Table 1 we classify key actors into 3 categories: investors, regulators, and developers. We

specify what information these different actors require in the execution of their respective roles,

the possible choices they can make while accounting for the rules-in-use, and the resulting net

costs and benefits. The rules referenced in Table 1 are the policies and guidelines in place to guide

actors’ choices and behaviors. They govern who investors can be and the roles of the different

actors (position rules). They set the terms of actor interactions (choice rules). They structure the

minigrid market via minigrid tariff policies and government concessions/subsidies (pay-off rules).
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Funding in the private sector model is from private equity and commercial loans and in the
government/utility-based model, it comes directly from government or via subsidies (USAID,
2018a, 2018c). In the community-based model, local communities own, operate and maintain the
minigrids, sometimes receiving external help with financing, design, and installation (Ibid).
Similarly, different regulatory actors, even in cooperation, bring differing policy arenas
(economic, environmental, energy, political) into play as part of minigrid governance.

The physical and material characteristics within the exogenous context influence the
financing action arena constraining institutional arrangements there-in. This includes local
resources and capabilities related to investor attraction and raising of requisite capital including
local currency rates, commercial interest rates, cost of capital, and local tax rates (Bhattacharyya
and Palit, 2016; USAID, 2018a). These are external to the minigrid sector but ultimately affect the
decisions actors make in this action arena. Socio-cultural community attributes pertinent to the
financing arena include a community’s attitude to money, accepted patterns of behavior, respect
for the rule of law, and consumer preferences, which inform future minigrid market prospects
(Bhattacharyya, 2018; Madriz-Vargas et al; Ulsrud et al., 2018). The entire exogenous context
factors into the net costs and benefits which are weighed by investors in determining whether to

invest, the right level of investment, and the duration and rate of Rol to set.

2.3.2.2 Minigrid Planning & Design

In this phase, feasibility studies, technical designs and specifications, impact assessments,
market analysis, and operator licensing happen. The central minigrid planning actors are the
energy/electricity regulatory agencies in charge of licensing and regulatory oversight (Akinlabi
and Oladokun, 2021). They ensure consumer protections, favorable Rol conditions for investors
and collaborate with other agencies in the arenas of environment, land, labor, health, and safety to
drive the minigrid agenda.

Another key planning role is that of local governments - intermediaries between host

communities and minigrid developers, responsible for community mobilization of needed
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resources e.g. land, local labor, coordinating engagement efforts between the community and
developers, and mediation in case of disputes. The existence of regulations that are necessary,
efficient, and effective is fundamental in easing the complexity of interactions between all actors
in the planning and design stages as many projects are abandoned here (Bhattacharyya and Palit,
2016; USAID, 2018b). Regulations inform land procurement and settlement processes, choice of
service territories, tariff regimes, minigrid concessions, etc.

Table 2 brings to light the multiple policy arenas at play in the minigrid implementation
process. Apart from energy/electricity regulatory agencies, we find agencies from other policy
arenas of finance, environment, land, health, and safety wielding sufficient power to impact
minigrid implementation (Deshmukh, 2013). These agencies are autonomous but interdependent,
sharing information at different stages of the minigrid planning and design process. Without
approval documents from local tax authorities, environmental agencies, local leadership in the host
communities, and the physical planning and health offices respectively, the electricity regulatory

agency cannot proceed to issue a minigrid license (ERA, 2020).

Table 2: Analysis of Minigrid Planning & Design Action Arena

Actors (Roles) Information Choices Net Costs Outcomes Rules
requirements &Benefits

Regulatory - Project Feasibility | - Approve - Consumer - Minigrid Boundary rules

agencies studies feasibility reports | protection operation -> Licensing as a

(Regulator/ - Environmental & assessments or | - Environmental licenses prerequisite to

Supervisor/ impact assessments = not protection grid

Licensor) - Resettlement and | - Approve license - Protection of implementation

- Rural compensation or not community

electrification plans (if any) - Approve tariff interests Position rules

agencies - Proof of license plan or not - Achieving -> Clear team

- Environmental fees payments projected roles based on

protection - Proposed tariff electricity access defined job

agencies plan outcomes descriptions

- Standards - Proposed

assurance Technical design Choice rules

agencies - BoQs -> Adherence of

- Tax authorities designs to set

Community - Clear - Support or - Improved social = - Local technical and

(Target resettlement & sabotage minigrid = & economic project environmental

consumers/ Host = compensation plans prospects acceptanc | standards

community/ plans (if any) - Improved job e

Landlord) - Planned product prospects - Information

- Community and service rules

leaders portfolio -> Submission of

- Local feasibility studies,
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government impact
representatives assessments to
- Local regulator for
community approvals
Minigrid - License fees - Choice of - Direct costs in -

Developer structure contractors terms of license Completed

(Business - Applicable - Choice of fees and planning

planner/ technical & quality = suppliers feasibility report phase

Feasibility standards - Choice of system = approval fees - Fully

assessor/ System | - Applicable design - Direct costs of designed

designer/ environmental - Choice of operation minigrid

Licensee/ regulations operating model plans

Developer)

2.3.2.3 Minigrid Implementation - Construction, Operation & Maintenance (O&M)

The implementation phase covers the actual execution in terms of minigrid construction and
O&M. Construction brings together project developers, implementation partners, sub-contractors,
service providers, regulatory monitors, local tax authorities, etc. In the construction phase
emphasis is on procurement, contracting, and minigrid site set-up making local labor, health &
safety, and contract laws important. Key attention is paid to materials and installation standards,
quality assurance, and environmental considerations as dictated by local regulations (Moner-
Girona et al., 2018).

O&M brings together minigrid operators, technical staff, marketing and sales, customer
support as well as the host community. Table 3 provides a summary of the action arena in this
stage. The interactions between these different groups are governed by regulation and consumer
agreements. Agreements specify expected tariff rates, minimum service level requirements, and
roles and responsibilities of both the operator and the power consumers. Regulators in this stage
have a monitoring and supervision role, enforcing tariffs, service territories, and service and

environmental standards.
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Actors (Roles)

Minigrid
operator
(System
installers/
Monitoring
agents/
Maintenance
agents/
Sales&
marketing
agents)
Regulator
(Regulator/
Supervisor/
Monitor/
Enforcer)

Community
(Consumers/
Customers/
Labour/
Business
partners)

Information
requirements

- Technical
installation
standards

- System
performance
reports

- Power sales
reports

- Financial reports
- Customer
complaints reports
- Sale prices/tariffs
- Customer
complaints and
resolution
procedures

- Technical system
design(s)

- Minigrid
performance
reports

- Sale prices/tariffs
- Operator service
level agreements
- Service
complaints
handling
procedures

- Minigrid jobs on
offer

- Available
partnership
opportunities

Choices

- Choice of local
capacity building
or external expert
hires

- Choice to
subcontract
operations or use
in-house team

- Choice of power
tariffs

- Choice to
penalize operator
breaches or not

- When and how
much to inspect

- Choice to review
obsolete policies

- Choice to take
up jobs on
minigrid

- Choice of
business
partnerships with
operator

- Choice to
connect to
minigrid

- When and how
much to consume

Net Costs &
Benefits

- Cost of local
training &
capacity
building

- Cost of sales

- Direct costs
of monitoring
& supervision
- Standard
system
installations

- Direct
electricity
costs

- Added jobs
- Added
business
opportunities

Table 3: Analysis of Minigrid Construction, Operation and Maintenance Action Arena

Outcomes

- Return on
investment
- Local
support
capacity

- Sustainable
operations

- Consumer
protections
Environmental
protections
- Up to date
sector policies

- Electricity
access for the
community

- Improved
social,
economic
prospects

2.3.3 Synthesis of Findings from the Minigrid Action Arenas

Rules

Boundary rule

-> Customer
connections limited
to approved
geographical area(s)

Position rules

-> Regulatory
agencies are
mandated by law to
monitor operations

Choice rules

-> Clear team roles
based on defined job
descriptions

Information rules
->Mandatory regular
performance &
financial reporting to
the regulator

Payoff rules

-> Prepaid or
postpaid payments
-> A Commensurate
number of power
units is received

The following themes emerge from the minigrid action arenas described in sections 2.3.2.1-

2.3.2.3: the institutional complexity introduced by actor interactions from multiple levels of

activity and multiple policy arenas; the overarching role of the regulator and the impact of adjacent

action situations/arenas on the minigrid sector.

2.3.3.1 Institutional Complexity

The IAD framework presents a simplified view of what is otherwise a complex institutional

setting of multiple actors with divergent interests in multiple overlapping action arenas subject to
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several levels of rules. Actor interactions happen at multiple levels, and policy situations overlap
with each other so that activities in one, affect activities in another. What is abstracted by the
framework is a diversity of possible minigrid ownership/management models — private,
government, community, hybrid; the full scope of internal minigrid actors — developers, operators,
financiers, suppliers, service providers; and a plurality of regulatory/policy arenas at play —
energy/electricity, environment, financial, labor, health and safety, rural development, etc., each
with different policy objectives and reporting lines. Together they make for a complex actor
network, infinite possible actor interactions and choices, multiple centers of decision making and
a complex mash-up of rules governing all the interactions. Figure 5 highlights the range of policy
arenas at play. It emphasizes the crucial need for consultation, coordination, and communication

among the different policy arenas to address challenges posed by their interconnectedness.

/ B Land
policy A,,7
Finandal X
}. A Environmental
\ . policy
\
%
Health &
Safety |
: policy
National
Overall Ele.ctricity
policy {
energy Labour
policy policy

Figure 5: Nested, inter-dependent minigrid policy arenas. Source: Authors

2.3.3.2 Regulation in the Minigrid Sector

An analysis of all action arenas highlights the enormous role of the regulator across all 3
stages of minigrid implementation — regulating, licensing, monitoring, and supervising. Minigrids
lend themselves to regulation — they are central to governments’ plans to provide universal access
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to electricity and their nature of service requires regulation in terms of technical and quality
standards. In addition, host community attributes (see Figure 1) indicated by rural settlements, low
population density, and low purchasing power (Ogeya et al., 2021) necessitate forms of price
subsidization and control. With regulation, rules are externally imposed by government, enforced
using penalties, to alter the economic behavior of actors.

The fast pace of scientific innovation, social change, environmental challenges and the
impetus for rural economic development in the minigrid sector necessitate sound regulatory
frameworks capable of facilitating well-functioning power markets; attracting needed private
investment and creating strong institutions to cope with the inter-connectedness of sectors

(Bhattacharyya and Palit, 2016).

2.3.3.3 Minigrid Adjacent Situations/Arenas of Influence

Each action situation in the minigrid context is inter-connected with adjacent action situations
whose outputs influence the social, economic, cultural, and institutional conditions for actors
within it (McGinnis, 2011b). Any changes in the outcomes of any one action situation potentially
have serious and continuing effects throughout this complex system of inter-connected action
situations (McGinnis, 2011a). Adjacent sector impacts on the focal minigrid action arenas can be
positive, creating powerful synergies in combination with internal sector dynamics to drive sector
growth or they can also be strongly negative that they offset crucial gains arising from internal
efficiencies.

Key among adjacent action arenas is the technological innovation action arena. There is an
ongoing energy transformation driven by fast technological advancements that are lowering costs,
improving system performance and facilitating integration of emerging renewable technologies in
the minigrid sector (IRENA, 2017). Similarly, the climate change action arena nested over multiple
levels from local, national, to international levels is important in its influence on energy policy
(Jean-Baptiste and Ducroux, 2003). Renewable energy minigrids have become a strategic focus

for sector actors; reflected in increased technological innovation budgets at the international and
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national levels, and more investor friendly minigrid policies and regulations. The main-grid is
another influential arena with direct influence not only on the prioritization of minigrid related
resources, choice of minigrid technology, siting/location, minigrid tariff, but also specific policies
like main-grid arrival policy (NKkiriki and Ustun).

Minigrid action arena(s) are nested within the local and national political action arena(s).
Minigrid actors, their choices and interactions occur within the context of a political framework
that determines the central players, how effective they can be, in addition to fixing the rules of the
game. The political system creates the regulatory agencies, delegating them power to execute their
tasks, but also, key leadership roles are political appointees. Crucially, the nature of the political
regime in terms of accountability, political stability and control of corruption will (dis)incentivize
private investments necessary for sector growth (Mallon, 2006).

2.4 Comparative Institutional Analysis of Uganda and Tanzania’s Minigrid

Sectors

In this section we undertake a systematic, comparative institutional assessment of Uganda
and Tanzania’s minigrid energy sectors. We describe their minigrid regulatory frameworks,
evaluate the resulting sector outcomes and then work backwards to diagnose the actor interactions
and exogenous context most responsible for these outcomes. We then draw conclusions on the

sustainability of their minigrid institutions.

2.4.1 Overview of Uganda and Tanzania’s Minigrid Regulatory Context

Key in the countries’ minigrid sectors is government’s central role in the determination of
minigrid sites and the licensing and pre-approval roles of the regulatory authorities including
Uganda’s Electricity Regulatory Authority (ERA), the Rural Electrification Agency (REA(U))®
and the National Management Environment Authority (NEMA) as well as Tanzania’s Energy and

Water Utilities Regulatory Authority (EWURA), her Rural Energy Agency (REA(T)) and the

5 REA(U) was functionally absorbed into Ministry of Energy and Mineral Development in 2021
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National Environment Management Council (NEMC). ERA and EWURA are responsible for
overall regulation and licensing including tariff setting, sector supervision, disputes settlements,
etc; REA(U) and REA(T) are responsible for coordination of government-, donor-funded and
private sector-led rural electrification programmes and NEMA and NEMC play an environmental
protection role.

The two countries have long defined minigrid regulatory and policy frameworks for rural
electrification although Tanzania had a strong head start over Uganda. Historically, their
governments prioritized grid extension over distributed energy in their long-term electrification
policies. It is only after 2008 that Tanzania established its REA(T) (Odarno et al., 2017) and
adopted the Small Power Producers (SPP) framework to encourage low-cost investment in mini-
grids. This led to doubling of her minigrid numbers and made her a regional leader in mini-grid
development (Ibid). Prior to 2013 when REA(U) was established (Mini-Grids Partnership, 2020),
Uganda relied on the Electricity Act of 1999 and the Rural Electrification Strategy and Plan (2013-
2022) which emphasised grid extension. Even afterwards, it continued lagging Tanzania in terms
of minigrid policies till 2020 when it adopted its first targeted mini-grid policy and regulatory
framework (The electricity (isolated grid system) regulations of 2020), focusing on development
of diversified mini-grid renewable energy sources. A comparison of the two minigrid regulatory

frameworks is presented in Table 4.

Table 4: A comparative assessment of Uganda & Tanzania’s regulatory frameworks

A Minigrid Financing
1. Minigrid investment laws Uganda’s Rural Electrification Strategy and Plan specifies Government’s
and policies energy investment plans plus the areas earmarked for minigrid investment and
development
Tanzania’s National Investment Promotion Policy and Rural Energy Act
incentivize investment on diversified energy sources and promote Tanzania’s
rural electrification.
2. Financial support for To drive sector growth, in both countries, Rural Energy Agencies manage
minigrids investors Rural Electrification Fund(s) to subsidize the capital costs of rural electrification

projects.
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Last mile power

connections

In both countries, REA utilizes results-based financing to incentivize last mile
electricity connections in partnership with private service providers (GoU,
2018)

Minigrid sector

investments

In Uganda, all electricity sector investments require pre-approval by ERA to
protect consumers from exorbitant tariffs (ERA, Electricity Regulatory
Authority, 2013).

Tanzania, on the other hand, has deregulated the investment approval

process(United Republic of Tanzania, 1996).

Main grid arrival to

minigrid sites

In both countries, operators can continue selling to existing isolated grid
customers, sell to the main grid or terminate operations in which case they
would qualify for compensation

Uganda has no specific compensation criteria while Tanzania specifies
compensation if main grid arrival happens within 2-15 years post minigrid
commencement (GoU, 2020) (Tenenbaum et al., 2014).

Minigrid Planning and Implementation

Minigrid licensing

In both countries, separate regulatory approvals are required from electricity
regulatory authority, rural energy agencies, environmental protection agencies
and local government. Licensing fees are tiered based on the grid capacity
(GoU, 2014).

License exemption thresholds differ, < 2MW for Uganda; < 1MW for
Tanzania (Mini-Grids Partnership, 2020)

Technical standards and

designs for minigrids

Both countries have specific regulations on minigrids technology, technical
standards and codes relevant for design, construction, operation and

maintenance of minigrids.

Health and safety matters

Both country regulations provide for the general safety, health and welfare of
employees in addition to obligations on electricity providers on overall safety.

See Appendix 1

Customer and quality of

service protections

In both countries minigrid quality-of-service is enforced by the electricity
regulatory authority and in addition a reporting channel is provided to

consumers to file service complaints.

Environmental protection

In both countries, autonomous environmental agencies coordinate, monitor,
regulate and supervise all environment impacting activities including minigrid

licensing and operations.

Decommissioning of

minigrid

Uganda issues specific guidelines on minigrid decommissioning. See Appendix
1

Tanzania however, lacks specific regulations on minigrid decommissioning.

2-34



2 Governance Institutions Galvanizing Minigrid Performance

2.4.2 Uganda and Tanzania’s Minigrid Sector Outcomes

We examine minigrid sector outcomes in the two countries with a focus on current numbers
of minigrid connections, growth rates and minigrid survival rates, comparing them against the
policy objectives in the respective policy frameworks. Table 5 summarizes latest available®

minigrid data for Uganda and Tanzania.

Table 5: Uganda & Tanzania cumulative annual minigrid numbers, connections and growth rates

Minigrid Uganda Tanzania

types 2020' [ 20212 2022% | <2016* | 2016/17° | 2017/18° | 2018/197 | 2019/20% | 2020/21°
Fossil Fuel 0 0 0 19 19 19 19 19 19
Hydro 6 6 2 49 49 49 50 50 50
Biomass 3 3 3 25 25 25 25 25 25
Solar 6 9 42 13 16 20 39 62 78
Hybrid 1 1 1 3 3 3 3 3 3
Total 16* 19+ 48* | 109** 112 116 136 159 175
Connections 4,000 >20,000 | 184,000 187,298 | 193,955 | 199,951

2020); S(EWURA 2021); “(EWURA 2022)

* Only includes minigrids with confirmed operational ststus ~18 minigrids have unknown operational status
** Number includes 14 non-operational minigrids and 18 minigrids of unknown status

Missing fields — Unable to find information in that category
The grand total for minigrids and connections in Tanzania, are authors’ compilation from the cited sources

1(UOMA 2020); >(UOMA 2021); 3(UOMA 2022); *(Odarno et al. 2017); (EWURA 2018); (EWURA 2019); "(UWURA

Uganda’s rural electricity access stands at 13% against national access of 26%, while
Tanzania’s rural access stands at 19% against national access of 38% (IEA, 2020). From Table 5,
Uganda’s minigrid market is much less mature than that of Tanzania. Uganda has however seen
significant growth of ~200% over the last 3 years, jumping from 16 to 48 operational minigrids
between 2020 and 2022 (UOMA, 2022). There has been an improvement in the minigrid outlook
but sector developments still severely lag government set rural electricity access targets of 26%

by 2022, 51% by 2030, and 100% by 2040 specified in the Rural Electrification Strategy and Plan

& Current country specific minigrid data for both Uganda and Tanzania from government agencies and established
sources are limited and incomplete which restrains precise triangulation of minigrids numbers.
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(RESP) of 2013-2022. In addition, the survival of existing minigrids is a concern. As of 2020, out
of 34 minigrids, only 16 were confirmed as operational and 18 had unknown status; a survival rate
of ~47% (UOMA, 2020). Systemic problems still hinder sector growth including limited access to
capital, an uncertain regulatory environment, limited private sector participation and poor mini-
grid economics (SEforALL, 2019; UOMA, 2022, 2021, 2020, 2019).

As of early 2016, Tanzania had 109 minigrids, of which only 77 were confirmed to be
operational, 14 non-operational and 18 with unknown status; a minigrid survival rate of ~71%
(AMDA, 2018; Odarno et al., 2017). A total of 66 minigrids were subsequently registered between
2017 and 2021 (EWURA, 2022, 2021, 2020, 2019, 2018), which makes a total of 175 registered
minigrids in Tanzania (See Table 5). While Tanzania posts much better numbers than Uganda, her
minigrid market growth has slowed on account of weak enforcement of existing regulations,
frequent rule changes and mixed signals from the government which have made players wary of

developing new projects (ESMAP, 2022; Mini-Grids Partnership, 2020).

2.4.3 Key Action Arenas, Causal Patterns of Interactions and Exogenous Context

The outcomes presented in section 2.4.2 reveal low minigrid numbers, poor rates of minigrid
survival and sector growth rates that lag set government targets. The outcomes are generated out
of actor interactions in the minigrid market, permitting and administration, and minigrid policy
making arenas. We compare how policies, interest group preferences, agency mandates, as well as

exogenous context in the two countries shape the reported sector outcomes.

2.4.3.1 Minigrid Market

Equity considerations. Uganda and Tanzania’s minigrid markets are characterized by
government intervention in the form of regulated tariffs (Mini-Grids Partnership, 2020). Minigrid
developers are unable to set cost-reflective tariffs that recoup installation costs and operating
expenses within a rural household’s ability to pay for electricity. The minigrid context is that of

rural, remote, poor communities. Motivated by equity considerations, regulators seeks to shield
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consumers from high electricity bills (Mottram, 2022); matching minigrid tariffs to main-grid
tariffs irrespective of the levelized cost of minigrid electricity (Andreoni et al., 2022; Mini-Grids
Partnership, 2020; Raisch, 2016). Governments compensate for the low tariffs by providing un-
sustainable capex subsidies to minigrid developers and address affordability challenges via direct
subsidies to consumers in terms of free-connections policies (Odarno et al., 2017; Pérez-Lopez,
2020).

Minigrid financing. Uganda’s Rural Energy Fund (REF) was established in 2007 to fund
electricity access projects to rural communities through the development of minigrids. The
program, funded by the World Bank and the government of Uganda, offers financial incentives to
private minigrid developers consisting of upfront capital subsidies of up to 50% (Hoeck et al.,
2022; Lane et al., 2018). Tanzania’s REA(T) runs a similar incentive program for private
developers funded by the government of Tanzania covering a capital subsidy of up to 75% (Melnyk
and Kelly, 2019) and its Rural Based Financing program offers subsidies of $500 per connection
(Phillips et al., 2020). Tanzania's program offers higher developer financing than Uganda's
program possibly accounting for the higher investment attraction in their minigrid sector.
Additionally, Tanzania's program is managed by a single agency, REA(T) (Willcox and Cooper,
2018), while Uganda's program is managed by multiple agencies (REF, REA(U), Uganda
Electricity Generation Company Limited) which leads to greater administrative complexity
(Twesigye, 2019) that would hinder investment attraction in the sector.

Minigrid tariffs. In-spite of these financing mechanisms, studies in these countries have
found the levelized cost of electricity to be as high as 1.5-times the set minigrid tariff (Mini-Grids
Partnership, 2020; UOMA, 2021). According to Uganda’s tariff policy, ERA should set power
tariffs by determining operator revenue requirements and applying a Rate of Return (ROR)
regulation (ERA, 2006). ERA, however, imposed a minigrid tariff cap of 0.30 USD/kWh slightly
higher than the main-grid tariff of ~0.22 USD/kWh but still lower than the cost reflective rate of
~0.50 USD/kWh, forcing it to apply expensive top-up subsidies (Perez-Lopez, 2020). Tanzania’s
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Electricity Act also specifies the principle of cost reflective tariffs, but increasing public and
political pressure has handicapped EWURA making flexible tariff setting a sensitive topic (Mini-
Grids Partnership, 2020). TANESCO-run rural minigrid networks are unable to fully reflect costs
in the tariff (Odarno et al., 2017). In both countries, sector regulators are not setting tariffs based
on realistic and economic costs of electricity not only hindering investment attraction but also

affecting the sustainability of existing minigrids.
2.4.3.2 Minigrid Licensing and Supervision Regimes

Sector reforms. Both Uganda and Tanzania’s energy sectors experienced a devolution of
functional and fiscal responsibilities transferring authority from central to sub-national
governments or agencies (Curristine et al., 2007; Tumwesigye et al., 2011). Political power was
decentralized from national level ministries to jurisdiction specific governmental agencies. As
discussed in section 2.3.4.1, there are many aligned but also potentially competing interests and
goals at play in the licensing and supervision arena — national versus rural energy access goals,
economic development goals, environmental protection, land & natural resource considerations,
etc. The interests are overseen by distinct semi-autonomous offices with different reporting lines
and differing mandates (See Table 6) causing a level of incoherence and overlaps (Wabukala et
al., 2022). Each has its own requirements and they do not coordinate on delivery timelines (Mini-
Grids Partnership, 2020). The absence of a recognized intra-agency coordination role and/or
mechanism, lack of institutional clarity and un-awareness on the part of the different agencies of
the relative ranking of governments’ priorities results in bureaucratic redundancy, gridlock, agenda
turf wars, which challenge efficiency of implementation (Aly et al., 2019; Andreoni et al., 2022;
Fazekas et al., 2021; Tumwesigye et al., 2011; Wabukala et al., 2022) .

Administrative efficiency. Regulatory processes in the two countries, of minigrid license
application, tariff approvals, environmental impact assessment approvals, etc. are characterized as
cumbersome, expensive and time consuming (Mini-Grids Partnership, 2020) revealing a level of

institutional inefficiency. Table 6 summarizes the different levels of approvals required for
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minigrids development in Uganda and Tanzania. With more than ten approvals to obtain, minigrid
performance from both countries is hindered by inefficient and inter-agency gridlock procedures
(Ibid), a stumbling block for investment attraction. In addition, is the issue of corruption in the
energy sectors of both countries with both governments scoring low in terms of controlling the
vice (Aly et al., 2019; Andreoni et al., 2022; Fazekas et al., 2021; Tumwesigye et al., 2011,

Wabukala et al., 2022).

Table 6: Required approvals and responsible authorities involved in minigrid licensing

Required Approvals Responsible Authority

Uganda Tanzania

Minigrid operation

Registering Minigrid ERA TIC

Registering with the Tax authority URA TRA

Getting provisional license/registration - EWURA

Getting license/ certificate of exemption ERA EWURA

Getting letter of intent (if SPP/VVSPP wants electricity to DNO - TANESCO

Environmental approval

Environmental impact assessment and feasibility study approved NEMA NEMC

by the authority

Confirmation that intended site is appropriate for Minigrid REA DNO

development (also called strategic area in Tanzania)

Review and approval by water sources and/or irrigation authority DWRM Rfefgional water basin
office

Land and natural resource usage rights

Proof of land ownership or permission to use the land (lease) REA Village/Local
governments

Approval to use specified amount of water or identified natural NEMA Regional water basin

resource in the intended site office

Getting construction or building permits (example for hydro power DWRM District or Municipal

projects) Council

Community or local governments involvement

Approval or proof for business conduction in the locality and about  Local Local government
tariff application which is due to be submitted to the authority government

The licensing process for mini-grid operators differs slightly between the two countries. The
time it takes to apply for requisite licenses, concessions, and environmental approvals is substantial
(EEP Africa, 2018) taking ~18 months for Uganda (UOMA, 2022) and ~14 months (Adamopoulou

etal., 2022) for Tanzania. In Uganda, according to Electricity (Isolated Grid Systems) Regulations,
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2020, mini-grid operators generating >2MW must obtain a license prior to operation. All systems
<2MW must obtain a license exemption certificate, a process that mandates prior social and
environmental impact assessment approvals and takes a minimum of 180 days (ERA, 2020;
Kapika and Eberhard, 2013). This points to redundant and cumbersome transaction costs in
Uganda’s process. In Tanzania, mini-grid operators must obtain a license for systems >1MW, but
the process is simpler for smaller power producers (SPPs) <1IMW where the requirement is simply
registration with the regulator. Registration, unlike licensing, is for information purposes only and
does not require regulatory approval (Tenenbaum et al., 2014). This concept of light-handed

regulation for SPPs may account for higher investment attraction in Tanzania.
2.4.3.3 Minigrid Policy-Making

Minigrid sector complexity. The complexity of the energy sector discussed in section 2.3.3.1
directly impacts the processes and outcomes of policy-making. There are various levels of
government involved in minigrid policy-making in Uganda and Tanzania: government ministries
including Energy, Economic Planning, Environment, Water Resources, etc., governmental
agencies for electricity sector regulation and rural electrification, in addition to the involvement of
interest groups — NGOs, donors, development partners. Based on the breadth of interests involved,
policy decisions, are highly likely to be hijacked by politics rather than being supported by science
(Aly etal., 2019).

Policy making approach. The economic power wielded by external interest groups (donors
and NGOs) in the process gives them a powerful platform to influence the direction of policy and
how it is made. They have used this platform to advocate a participatory policy-making approach
(Rodriguez and Komendantova, 2022) that invites users/consumers of policy to identify, develop,
and decide directly on policy proposals via consultative or participatory means (Rietbergen-
McCracken, 2017). Both countries have adopted a mix of top-down regulation and participatory
approaches. In Uganda, the government and regulatory authorities play a central role in policy

formulation and implementation but ERA’s website also shows efforts to involve stakeholders in
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the policy-making process through public consultations and other participatory processes.
Similarly, EWURA’s website notes the key role played by Tanzania’s government but also reports
a focus on involving stakeholders, including communities, NGOs, and the private sector, in the
policy-making process. Despite these efforts, there are still challenges to promoting greater civil
engagement in energy policy-making in the two countries including limited resources and capacity
among civil society organizations, and a lack of transparency in policy-making processes (Guma,
2017).

Policy changes. Over the last two decades (or so), both Uganda and Tanzania have made
efforts to develop and implement policies that support the deployment of minigrids. In Uganda,
there have also been several changes to these policies, with updates and revisions made in response
to changing priorities and market conditions. The RESP, launched in 2001, has since seen its fourth
revision, the latest coming in 2019 with the support of NRECA International. Tanzania’s
government has also implemented policies and initiatives over the same period. However, there
has been greater stability in the mini-grid policy in Tanzania over the last decade, with fewer
significant changes or revisions. The higher level of certainty in Tanzania’s minigrid sector could

account for its relatively higher private minigrid investments.

2.4.4 Sustainability Implications of Uganda and Tanzania’s Minigrid Institutions

Institutional sustainability is defined as an institution’s ability to coordinate or organize
human interaction in the long term towards achieving specific sustainability goals (Pfahl, 2005).
Institutional sustainability relies not only on the existence of documented rules and regulations but
also on the practicability of their implementation. Our analysis in sections 2.4.2 and 2.4.3 has
established that the current minigrid institutions in the two countries are not producing the desired
sector outcomes. Figure 6 highlights the logical links from our IAD framework analysis of Uganda

and Tanzania’s energy sectors
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Community Attributes

Patterns of Inferaction ¥ - | Loss of market efficiency
Rural communities > i i
Regulated minigrid tarifis - tariff - | Inefficiently high power demand  |—
: cap(s), main-grid tariff matching
Poor economic prospects Msrket i, N o ] - | Poor minigrid financial viability
Low ability & wilingness to pay cost performance - | Tariff subsidies for consumers Cause &
reflective tarift - ) s - | Administrative inefiiciency
5 - | Capex subsidies for developers :
Low power demand Non-cost refleciive taris - | Bureaucratic redundancy Guﬁ';er:;s._l
- | Social norms & values High transaction costs
Equity SELLOECETE ST SR T Sector uncertainty & confusion
Actor Considerations & monitoring Indirect
interests Policy Patterns of Interaction P Systemic corruption Outcomes
goals Patterns of Interaction
Effect
Rules-in-use Roles/scope/mandate of different
— - regulating bodies unclear
| 5| _ | Ewisting energy policy & regulatory |« _ | Little to no coordination between | | Direct Outcome(s) «
framework regulating bodies
Governsnce Redundant minigrid licensing - | Low investment attraction
L—»| - | Governance process E— — - ¥ &
system requirements
Action arena: Policy making
Indirect Qutcomes <
it Patterns of Interaction [ Sector growth rates
pressure groups || _ | Many interest groups with divergent = government targets
interests Low minigrid survival rates
Bio-physical Characteristics - | Influence of neighbouring sectors | Low private sector
i oy : i Economic power of external investment
otential system capacity constrain organisations
System stress/

Potential poor quality of service External feedback loop

Figure 6: Logical links from 1AD framework analysis of Uganda & Tanzania energy sectors. Source: Authors
2.4.4.1 Institutional Efficiency

The inefficiencies in the minigrid institutional frameworks of these countries described in
sections 4.3.1 and 4.3.2 have the potential to spur short-term and long-term negative feedback
loops. In the short-term, institutional process issues like poor administrative efficiency and
corruption would drive potential investors to abandon the license application process before its
conclusion. In the longer-term, inflexible non-cost reflective tariff policies without sufficient
supportive financing would drive operators to abandon live projects on account of their poor
economic viability.

Curristine et al. (2007) found functional and political decentralization (agencification)
beneficial for efficiency if accompanied by appropriate fiscal and political decentralization. It
improves the efficiency and responsiveness of the public sector when it brings decision making
closer to the user communities (Treisman, 2002). There are however major risks with
agencification, including the exposure of governments to financial risks and increased incentives
for political patronage and corruption (Curristine et al., 2007; Treisman, 2002). Section 2.4.3.2
highlights corruption as one of the key stumbling blocks affecting institutional efficiency in
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Uganda and Tanzania’s energy sectors. In the absence of strong political will and punitive legal
frameworks to control corruption, the vice may undermine any useful gains that would accrue from

a robust minigrid regulatory framework (Wabukala et al., 2022).

2.4.4.2 Minigrid Market Design

With inflexible non-cost reflective tariffs and insufficient support financing, minigrid
operations cannot be profitable and operations such as these will likely collapse without the
support of external grants. Regulated tariffs are distorted by grant subsidies and cross-subsidies at
the expense of efficiency and cost recovery. In addition, artificially low subsidized tariffs stimulate
inefficiently high-power demand, which puts pressure on the system capacity and the quality of
service for all users. The impact on minigrid operations is poor performance and quality of service
that is transferred directly to consumers. These are external feedback loops on the system making
it un-sustainable. However, if minigrid tariffs were not capped, there is a risk that electricity prices
offered by minigrid operators may be unaffordable for many rural households. This could limit

power demand potentially leading to the failure of minigrid projects.

2.4.4.3 Integrated Policy-Making

Described in sections 2.3.3.1, 3.3.3 and 2.4.3.3, energy issues and consequently energy policy
cut across jurisdictional boundaries, governance levels, and policy domains. The decision making
in Uganda & Tanzania’s sector is made more complex by the fragmentation and decentralization
of decision-making centers (see section 2.4.3.2). There is an increased number of actors involved
in the policy process together with the increasing role of NGOs, special interest groups and
agencies necessitating cooperation, coordination and integrated policy making to achieve robust
policies. Policy integration is an agency-driven process of multi-dimensional policy within a
governance system directed at addressing a cross-cutting policy problem in a holistic manner
(Candel and Biesbroek, 2016). It transcends the boundaries of established policy fields and

individual departments (Meijers and Stead, 2004); linking between different departments in public
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agencies (horizontal integration) or between different tiers of government (vertical integration) or
a combination of both (Ibid). However, organizations involved may differ in terms of institutional
structures and practices, historical contexts, priorities, etc., making consensus elusive. Policies
qualifying as integrated will be comprehensive, acknowledging a broader range of policy
consequences concerning time, space, actors and issues, and consistent —applicable at all policy

levels and government agencies (Meijers and Stead, 2004).

2.4.4.4 Participatory Policy-Making

The process of how the rules are made and updated and who has responsibility for making
the rules is important in determining the sustainability of minigrid institutions. Ostrom (1993)
advocates participatory decision making as key to the sustainability of institutions. Those most
affected by the rules must have a say in making and modifying those rules (Ostrom, 1993a).
Negative consequences are bound to arise when external rules that don’t match the local context
are imposed (Cox et al., 2010). In the minigrid case, the actors most affected, operators and
consumers, should contribute in the formation and modification of minigrid policy as early as at
ideation stage. These stakeholder groups hold valuable contextual knowledge on what works and
what doesn’t. Involving them would drive policy acceptance, ownership and accountability among

resource users which has a direct link to the sustainability of desired outcomes.

2.4.4.5 Alignment of Social Norms and Cultural Values

In the socio-cultural context, human behavior is driven by personal, professional, cultural
characteristics. Such specific characteristics of personality are values (Schwartz, 1992). Values are
durable internal individual criteria for evaluation; on the other hand, social norms are external to
the actors, developed because of long-term interaction between actors (Hechter, 1993). Actor
behavior is determined not only from the constraints emanating from the context in which they are
embedded but also by actors’ evaluations of the alternative outcomes (Ibid). At implementation,

policies get co-opted and altered in order to serve the goals, values and assumptions of those using
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them (Muers, 2018). Thus, any sustainable institutions, policies or regulatory designs must ensure
a level of consistency between the intended institutional values and the socio-cultural values of
actors. From our findings, the current minigrid market design of regulated tariffs seems to be at
odds with the overall governmental goal of attracting private investments into the sector. The
intended values in a regulated non-cost reflective tariff are more likely to attract NGOs and
charities than private investors. Further, an analysis of the governance inefficiencies in 4.2.2 single
out corruption which is an outcome of actors’ core values. Where sector actors have a short-term
view, and maximize their interests at the expense of a thriving minigrid sector, the result is corrupt

institutions characterized by unnecessary bureaucracy and unending gridlock.

2.5 Conclusion and Policy Implications

We set out to find the key institutional and socio-cultural considerations driving
(un)sustainable outcomes in minigrid systems; the driving actors’ choices and patterns of
interaction and the sustainability implications of Uganda and Tanzania’s minigrid policies. Our
findings on minigrid institutions highlight two main considerations for sustainability: First, the
challenge posed by the complexity and inter-connectedness of the minigrid sector and adjacent
sectors. Second, the potential positive and/or negative impact(s) from adjacent sector arenas on
the focal minigrid action arenas. In addition, we found the ability of Uganda and Tanzania’s
minigrid institutions to coordinate key actor interactions in the long term for the achievement of
specific sustainability goals to be hindered by institutional inefficiencies, distorted power markets
on account of strongly regulated tariffs, and a policy design process that is not accounting for the

socio-cultural values of sector actors.

2.5.1 Policy Insights and Recommendations
2.5.1.1 Reshape Patterns of Interaction; Transform Outcomes

Section 2.4.3.2 highlights problematic patterns of interaction in the administration of Uganda
and Tanzania’s minigrid sectors. Poor inter-agency coordination, redundant-highly bureaucratic
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processes, and corrupt actor behaviors have created gridlock and administrative inefficiencies,

frustrating efforts to ramp up private investment. The robust solution is a combination of strategies

aimed at streamlining actor interactions towards influencing their choices/behaviors and
consequently outcomes. Among possible strategies is:

(1) Change of rules: Regulators must Simplify. The more complex and cumbersome
rules/processes are the more pressure on actors to circumvent the same. Simplifying regulatory
processes could mean consolidating regulations to reduce redundancy or standardization of
processes to reduce complexity.

(2) Change of actor incentives: Digitalization of processes and requirements is a must to drive
transparency, compliance, and convenience at lower transaction costs. It crucially minimizes
unnecessary face-to-face interactions, reducing opportunities for personal bias, favoritism, and
corruption.

(3) Change of information flows: Regulators could consider the implementation of oversight
mechanisms including public reporting and disclosure as a way to drive greater transparency
and accountability

(4) Change of actors: Regulators could utilize training programs, mentoring, and other forms of
capacity building to change the mindset of actors targeting to alter underlying actor incentives
and ultimately patterns of interaction.

This method allows for targeted interventions to effectively address underlying issues.

2.5.1.2 Integration in Policy-Making and Implementation

Section 2.4.3.1 reveals a distorted minigrid market that is reliant on unsustainable government
subsidies, a result of ‘fixed’ community attributes and external environment in the low economic
prospects of minigrid communities and consumers’ low ability to pay. In 3.3.1 and 3.3.3, we
describe minigrid energy policy as a cross-sectoral policy arena affecting and affected by decisions
taken in adjacent policy arenas including main-grid, climate, development, economy,

environment, land, labor, etc. Adjacent sector impacts will either combine with focal sector
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dynamics to reinforce desirable outcomes or cancel out crucial gains arising from focal sector
efficiencies. This cross-sectoral character affects how energy policy is proposed, adopted, and
implemented. Successful rural energy policies cannot be developed nor implemented in isolation
from adjacent policy arenas. Policy integration where rural energy policy is designed and
implemented alongside complementary or interdependent community development policy
including transport, communications, health, education services, etc. would be a more cost-
effective approach for governments in the region. This would leverage funds from multiple sectors
but also, will be better able to facilitate the growth of viable and sustainable minigrid energy

markets independent of long-term government stabilization programs.

2.5.1.3 Structures for Participatory Policy-making

Given the diversity and heterogeneity of policy actors, the formulation and adoption of
minigrid policy can either be hampered or advanced by the policy-making process. All the
participatory processes of cross-sectoral cooperation, coordination, and policy integration can be
meaningless and counterproductive if they are conducted in an unstructured way. There must be
intentional mechanisms to take account of feedback and draw on a wide variety of qualitative and
quantitative data so that decisions are not based solely on politics but also on scientific expert

knowledge and practical knowledge existing in local communities.

2.5.1.4 Values Adoption to Drive Institutional Change

Section 2.4.4.5 discusses the impact of a potential mismatch between host community core
values and the values informing minigrid policy. It reveals the existence of feedback loops between
community attributes and rules-in-use. Rather than being driven by set policies, sector outcomes
are driven by how individual actors apply the underlying processes. Because core values can
evolve over time, where changes are pervasive enough, there is potential to induce institutional
and policy change. By utilizing the outer feedback loop between outcomes and exogenous context

and embedding adaptive learning processes, policymakers can drive values adoption; positively
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altering expected patterns of behavior and consequently outcomes. To achieve this, policymakers
must strengthen the feedback mechanism with the capability to sense and capture process outputs.
It requires that policy implementation is accompanied by targeted monitoring of output indicators
and where value discordances are detected, corrective learning or policy adaptation can be

activated.

2.5.2 IAD Framework Contribution

The minigrid institutional context is a complex system of divergent actor interests from
multiple interdependent regulatory actors coming from different policy arenas. The strengths of
the IAD framework lie in its structured approach, providing a useful frame of reference to analyze
this complexity. It has been successful in allowing for a tailored examination of the unique
challenges and opportunities within the minigrid institutional context. However, a weakness is that
under one broad brush ‘Rules-in-use’ it does not distinguish between internally-generated and
externally-imposed rules overlooking important distinctions in their specific impacts on actor
interactions. Overall, the IAD framework has served as a foundational structure to develop theories

and support a deeper understanding of minigrid institution sustainability.

2.5.3 Study Limitations and Future Research

It is worth noting that the study is limited by the paucity of verified minigrid numbers data
for triangulation purposes for Uganda and Tanzania. However, methodological triangulation was
achieved through the use of multiple sources of data reducing the risk of bias and providing a more
robust basis for our conclusions. Further research in form of a comprehensive survey of minigrid
operators and users in these countries, in addition to in-depth interviews and focus group

discussions with key stakeholders, is required to fill in the information gaps.
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sustainability. The analysis maps out reinforcing feedback loops to trace perceived governance failures from their
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3.1 Introduction

Off-grid systems are energy solutions that operate independently of the main electrical grid
(Mandelli et al., 2016), essential for remote and rural areas where extending the central grid is
impractical or too costly. These systems, such as mini-grids and pico-grids, typically range from
a few kilowatts (kW) to several hundred kilowatts tailored to smaller electricity demands and
community sizes. They offer cost-effective solutions for rural electrification in Sub-Saharan
Africa. This study utilizes Ostrom Design Principles (ODPs) to assess the resilience and
sustainability of such small-scale off-grid systems, focusing on their formation, organization and
governance. The case study of Gwere-Luzira (Gwere) pico-hydro system, a community-owned
project in rural Northern Uganda, illustrates these dynamics.

There is a large body of literature about the organization of collective action in common pool
resource (CPR) management featuring ODPs for sustainable community-governed commons
(McGinnis and Ostrom, 1996; Ostrom, 1992). ODPs have been widely applied to analyze the
management of natural common-pool resources such as forests (Ostrom, 1999c; Saeed et al.,
2017), fisheries (Trimble and Berkes, 2015), and water resources within local communities
(Dell’Angelo et al., 2016; Ostrom, 1993b). They have also been extended to urban contexts,
including the management of public spaces, urban forests, and community gardens (Foster and
laione, 2019). The principles have been adapted to fit specific resources, user communities, and
ecological contexts, avoiding a one-size-fits-all approach (Hanna et al., 1995; Ostrom, 1990b;
Pinkerton and Weinstein, 1995; Wade, 1988; White and Runge, 1995). However, a significant gap
exists in the literature regarding the governance of socio-technical CPRs, particularly when these

resources are foreign-installed infrastructures within local communities.
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ODPs assume a relatively stable and predictable CPR environment and focus primarily on
local/micro-level governance of CPRs. By contrast, socio-technical systems (STS) are large-
complex systems with a multiplicity of links, un-predictable non-linear dynamic behavior, limited
ability of actors to influence the overall conditions of the system, the success of which depends on
coordinated interaction and co-dependence between technical and social subsystems (Johannes M.
Bauer and Paulien M. Herder, 2009; Taysom and Crilly, 2017). They are complex infrastructures
where technological, economic, political, and social features interact through various mechanisms
and feedback loops (Kunneke and Finger). Off-grid energy systems are one such system and the
focus of this study. This study explores the robustness of ODPs within the context of an off-grid
socio-technical system in a rural Sub-Saharan setting, where emergent behaviors—such as
unexpected operational challenges and shifting community dynamics—arise due to deep
uncertainties in factors like infrastructure and resource availability. It also examines the strong
interactions between physical subsystems, like energy infrastructure, and social subsystems, such
as community engagement and economic participation, which together shape the overall
performance and sustainability of the off-grid project. Understanding the dynamics and
complexities of STS, their formation, and governance is crucial for ensuring their sustainability,
resilience, and impact on local communities.

Studies on STS are not new. A number have focused on STS institutional design and
governance (Koppenjan and Groenewegen, 2005; Pitt et al., 2017; Pitt and Diaconescu, 2016),
while others have examined the complexity of STS design and its impact on social integration of
technological systems (de-Bruijn and Herder, 2009; Righi and Saurin, 2015). A few have applied

the ODPs to the analysis of rural electrification initiatives (C.G. Monyei et al., 2018; Moran et al.,
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2022; Schnitzer et al., 2014; Stephanie Hirmer and Heather Cruickshank, 2014). This study, by
contrast, adopts a longitudinal approach in applying the ODPs to the understanding of socio-
technical energy systems governance. It employs a holistic system thinking analysis of the
emergent effects arising between the different parts of a community off-grid system and how they
affect the robustness of its governance system.

Emergent effects are an integral part of STS and, in this study, serve as independent variables
in evaluating ODP robustness. They are those outcomes or phenomena that arise from the
interaction of different parts of a complex system, rather than the result of any one individual part,
and as such, are not predictable from the properties or behavior of individual system components
in isolation (John S. Osmundson et al., 2008). The systems thinking approach recognizes the
interconnected and complex nature of community off-grid systems and the need for a holistic
understanding of their dynamics; enabling a comprehensive examination of the interactions and
interdependencies. Significantly, feedback loop analysis, a key component of systems thinking,
plays a crucial role in uncovering the causal relationships and feedback dynamics within the
system (Kay, 2008).

The remainder of this paper is structured as follows: Section 3.2 lays out the theoretical
foundation of systems thinking, emergent effects, and ODPs in the context of off-grid STS
sustainability. Section 3.3 details the study methodology. Section 3.4 examines the emergent
effects in the Gwere case study. Section 3.5 analyzes how the emergent effects arise and evaluates

the effectiveness of the ODPs in addressing these emergent effects. Finally, Section 3.6 concludes.
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3.2 Socio-technical Systems: Concepts, ODP robustness & Off-Grid
Analysis

The literature on systems thinking and feedback loop analysis is extensive and spans various
fields, including environmental sustainability, telecommunications, organization management,
and energy systems (Hossain et al., 2020; Rachel Freeman et al., 2013). Systems thinking
emphasizes viewing the system as a whole and recognizing interdependencies between social,
technical, economic, and environmental factors (Groundstroem and Juhola, 2021; Laimon et al.,
2022). It helps researchers understand interconnections, feedback loops, and emergent properties,
identifying potential leverage points for intervention (Jenny Tejeda and Susan Ferreira, 2014;
Laimon et al., 2022). Feedback loop analysis is valuable for identifying reinforcing and balancing
loops, showing how changes in one component affect the entire system and where design
principles can be adjusted to promote sustainable outcomes (Laimon et al., 2022).

This study uses systems thinking principles, specifically feedback loop analysis, to examine
the emergent effects of the Gwere Community minigrid and assess the robustness of ODPs in
addressing these effects and their impact on minigrid sustainability. Systems thinking is employed
to capture the complex interdependencies within socio-technical systems, which include physical
infrastructure, institutional arrangements, and socio-cultural factors. By recognizing these
interconnections, this approach helps policymakers anticipate unintended consequences, develop

robust strategies, and design adaptive management practices.

3.2.1 ODPs and Robustness Mechanisms

The strength of the ODPs in governing socio-technical systems is rooted in their capacity to

address the inherent complexities, dynamics, and uncertainties that these systems entail (Anderies
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et al., 2003). The robustness of a governance framework lies in its ability to maintain its
performance and effective function when subjected to external, unpredictable perturbations in a
wide range of conditions and scenarios (Anderies et al., 2003). Such a framework is effective,
scalable, and can withstand changes in the environment, economy, and society (Nelson et al.,
2007). In essence, a robust application of Ostrom's Design Principles implies that they are not
overly rigid or prescriptive but can be customized, remaining effective in promoting sustainable
resource management and governance even when faced with changing environmental, social, or
economic circumstances (Ingram and Hong, 2009; Ostrom, 2008).

ODPs incorporate mechanisms for monitoring and adaptive responses to address uncertainties
and risks in STS (Haryanto et al., 2022). Figure 7 summarizes the ODPs as they pertain to the
governance of highly complex and uncertain socio-technical systems. They promote the
establishment of conflict resolution mechanisms, emphasize the importance of local autonomy,
empowering communities to take ownership for the management of their systems. However, ODPs
are limited in handling non-linear system dynamics and feedback loops, where small changes can
cause disproportionate and unpredictable effects (Haryanto et al., 2022; Singleton, 2017).
Operating within a linear cause-and-effect framework, ODPs work well for traditional resource
management where outcomes are predictable—clear rules and governance structures directly
translate into expected outcomes (Anderies et al., 2003). However, in complex socio-technical
systems like community-owned off-grid systems, multiple interconnected subsystems interact, and
a small technical failure, coupled with a community’s limited economic resources, can cascade
into financial instability, reduced community participation, and ultimately impact the system's

sustainability.
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Figure 7: ODPs applied to navigating the complexity, dynamism, and uncertainty of Sociotechnical Systems. Source: Author

3.2.2 A Longitudinal Approach to ODP Implementation

The ODP framework has typically been applied in the context of governance of socio-
ecological systems, where multiple individuals or communities have shared interests and
responsibilities in managing a resource. The principles provide guidance for establishing effective
governance mechanisms that promote sustainable and equitable outcomes. They provide a
comprehensive framework for effective governance that emphasizes collective choice
arrangements, monitoring regimes, graduated sanctions, conflict resolution mechanisms, and the
alignment of rules with local conditions (McGinnis and Ostrom, 1996). In this study, the ODPs
are applied longitudinally across the formation, organization, and governance stages of the off-
grid STS lifecycle, facilitating a comprehensive examination of their relevance and applicability
at different developmental phases. This approach not only assesses current governance practices
but also highlights trends and changes over time. STSs demand adaptable governance approaches
that can evolve with the unique challenges posed at each stage of their development. When applied

flexibly and adaptively, ODPs in an off-grid setting can ensure that governance structures are
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congruent with changing local conditions, addressing the dynamic nature of energy access in

remote areas.

3.2.3 The Off-grid Socio-technical System

The study conceptualizes the socio-technical off-grid system as comprising six interconnected
subsystems, as adapted from (Anderies et al., 2004). Figure 8 illustrates their different interaction
interfaces. In an off-grid system, electricity forms the resource subsystem, classified as a rival

good due to its finite and subtractable nature, yet renewable as it is hydro-powered.
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Figure 8: A socio-technical systems thinking perspective of the off-grid system following (Anderies et al., 2004). Source: Author

3.2.3.1 Off-grid Physical Infrastructure, External Environment Subsystems

The physical infrastructure consists, a complex, evolving system characterized by dynamic,

non-linear interactions and emergent effects. The physical infrastructure of a minigrid STS is a
3-57



3 Design of Sustainable Minigrid Governance Institutions

complex network of components, interconnected and interdependent, that interact in uncertain,
indeterminate ways leading to non-linear emergent effects that are difficult to predict (Polojarvi et
al., 2023; Ronan Bolton and Timothy J. Foxon, 2015). This uncertainty can be driven by
technological advancements, evolving user requirements, or external factors such as regulatory
changes. The physical infrastructure consists of the power grid, including hardware components,
software systems, communication networks, etc., each with their own specializations and roles.
The physical infrastructure is embedded within a broader context, the external environment
dimension, encompassing all the external factors and conditions that can influence the operation,
sustainability, and performance of the minigrid system including uncertainties from natural, social,
regulatory, and technical disruptions. Navigating these elements is essential for ensuring the

resilience and success of the off-grid system.

3.2.3.2 Off-grid Institutional Subsystem

Institutional infrastructure of an STS comprises the formal and informal rules, norms, and
governance mechanisms that guide the behavior of individuals and organizations within the system
(North, 1993; Powell and DiMaggio, 2012). It includes formal mechanisms like laws, regulations,
policies, standards, as well as informal norms, beliefs, and values that shape the behavior of
individuals and groups within the system (Ostrom, 1990b). A strong and effective institutional
infrastructure can help to ensure that the benefits of the system are shared equitably and
sustainably, and that the system functions effectively over the long-term (Ostrom, 1990b). To
describe the minigrid institutional infrastructure, | adopt Treib et al. (2007) (Treib et al., 2007)
governance dimensions: the politics dimension which is focused on the actors involved and the

power relations between them including negotiations, and decision-making processes; the polity
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dimension which is about the formal rules governing interactions between the actors as well as the
unwritten rules that form the framework for the political culture of a community (Caiani and
Graziano, 2022; Sager and Gofen, 2022); and the policy dimension pertaining to the instruments,
both formal and informal, that are used in enforcing the rules that guide the establishment,
operation, and management of the minigrid (Treib et al., 2007).

Based on the context of a small community-owned off-grid system, this study categorizes the
policy dimension into subsystems including the regulatory framework, policies (such as energy
and environment), and incentive schemes. The polity dimension encompasses local governance
structures, stakeholder committees, local system operation and management rules, community
engagement mechanisms, collective action, and community ownership. The politics dimension
includes power dynamics, political will and support, advocacy and lobbying, resource allocation,
community buy-in, and compliance. These subsystems interact through various causal and
reinforcing feedback loops, ultimately impacting the energy delivery subsystem, which is part of

the physical infrastructure.

3.2.3.3 Off-grid People-Culture Subsystems
The "people-culture™ subsystems in a community minigrid encompass the social and cultural
dimensions that influence and are influenced by the minigrid's design, implementation, and
operation (A. Gill-Wiehl et al., 2022). The People subsystem involves service providers and
resource users, reflecting diverse interests, shifting demands, and preferences shaped by the
community's social and technological norms, ethics, and values. Understanding this interplay
ensures that minigrids are not only technically robust but also socially and culturally sustainable,

integrating seamlessly into the community's fabric (Venkata Bandi et al., 2022). The Socio-culture
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infrastructure of a socio-technical system, driven by its members' beliefs, values, and behaviors,
significantly impacts its functioning and performance. Norms and values influence
communication, collaboration, and innovation within the system. Cultures promoting open
communication and collaboration foster innovation and effectiveness, while those resistant to
change might hinder adaptability and resilience (Coiera, 2007) (Ropohl, 1999). Additionally,
cultural norms around authority and decision-making affect how decisions are made and how
individuals behave within the system (Namujju et al., 2023a). These cultural factors also shape
attitudes towards risk and uncertainty, impacting risk tolerance, uncertainty acceptance, and the

balance between short-term and long-term objectives.

3.3 Research Design and Methodology

This study employs a case study approach to analyze the Gwere off-grid hydro project,
focusing on emergent effects within the socio-technical system and evaluating the robustness of
ODPs. The analysis covers the minigrid project's design, formation, and governance, providing a
comprehensive understanding of factors influencing off-grid system sustainability across its

lifecycle.

3.3.1 Data Collection

Data collection comprised both primary and secondary sources. Primary data was obtained
through semi-structured interviews and focus group discussions (FGDs) with key stakeholders in
the Gwere hydro project community, including local leaders, community members, and
representatives from the donor agency (G1Z), using purposive and convenience sampling. A total

of 19 one-on-one interviews and 3 FGDs were conducted. Secondary data was gathered from
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project reports, governance documents, and relevant literature, enabling triangulation and cross-
verification of findings.

The interviews and FGDs were designed to capture a broad range of perspectives on the
formation, governance, and operation of the community minigrid system, particularly focusing on
the perceived challenges and factors contributing to the project’s failure. The interviews explored
the participants' understanding of the project's technical aspects, community participation,
governance structures, and socio-cultural influences. Topics included community ownership,
maintenance issues, resource allocation, institutional support, and external economic factors. The
focus group discussions provided a platform for group reflection on the collective experience of
the project, particularly regarding stakeholder collaboration, conflict resolution mechanisms, and

the broader socio-economic impact of the minigrid system.

3.3.2 Data Analysis

Interview data was transcribed and coded using MaxQDA software, with qualitative data
analysis (QDA) focusing on identifying, examining, and attributing meaning to evident patterns
or themes in the qualitative data. To analyze the Gwere off-grid system using systems thinking,
the study first defines system boundaries and identifies key components and subsystems that
influence each other. Causal relationships between these variables are then mapped based on
qualitative data from interviews and focus group discussions, using Causal Loop Diagrams
(CLDs). In these diagrams, a (+) arrow indicates variables changing in the same direction, while a
(-) arrow shows variables moving in opposite directions. By tracing the arrows, feedback loops
emerge: Reinforcing loops (R) amplify changes, driving exponential growth or decline, while

Balancing loops (B) stabilize the system by counteracting change (Groundstroem and Juhola,
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2021; Hossain et al., 2020; Laimon et al., 2022). Feedback loop analysis is further applied to
examine these interactions to determine their impact on system performance and sustainability.
The study also maps ODPs to different stages of the minigrid lifecycle (formation,
organization, and governance) to evaluate their effectiveness and identify gaps. This approach
provides insights into current governance practices' strengths and weaknesses and offers
recommendations for enhancing the resilience and sustainability of community-owned minigrid
systems in rural contexts. By integrating systems thinking and feedback loop analysis, the
methodology provides a holistic examination of the Gwere pico-hydro project's governance and

operational dynamics.

3.4 The Case of Gwere-Luzira Minigrid Project
This section presents the results of a methodical case study evaluation of the Gwere
community off-grid project. This examination encompasses the project's inception, establishment,

governance, and ultimate decline, viewed through the perspective of Ostrom's design principles.

3.4.1 Guwere Project Description, Formation, Organisation & Governance

The Gwere Power Station, situated along the River Amoa in Northern Uganda's Moyo
District, was a community-owned pico-hydroelectric project possessing a generation capacity of

0.5 kW, serving ~80 households within the village of Gwere.

3.4.1.1 Project formation
The project's inception was driven by a community member inspired by a similar project
in Swaziland. The Gwere community raised initial funds by having each able male contribute UGX
20,000 (~$10 then) and each female UGX 10,000, plus a UGX 2,000 membership fee, totaling

UGX 6 million. However, they needed an additional UGX 5 million for a turbine and cabling.
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They sought support from the Promotion of Renewable Energy and Energy Efficiency Programme

(PREEP) affiliated with the German Corporation for International Cooperation (GIZ). The

villagers built the dam with G1Z's technical guidance, using locally sourced stones and sand. They

constructed a 100-meter-long canal and a brick structure housing the control point including switch

room and battery backup system. GIZ provided financial support for generation and transmission

equipment and technical oversight, along with basic training for two technicians.

3.4.1.2 Project organization and governance

This section analyzes the core governance aspects of the Gwere off-grid project. Table 7

highlights the key areas of alignment between the Gwere project governance framework and the

ODPs as applied over the different phases of its lifecycle.

ODPs

(1) Clearly
defined
boundariest

(2a) Proportional
equivalence of
costs and
benefitst

(2b) Rules should
fit local
circumstances#

Table 7: Mapping Gwere Project Governance with ODPs

Context of application in Gwere

Physical boundaries technically defined by wired electrical connections connecting
consumers to grid power. They delineate the physical reach and extent of the electrical
grid.

Social boundaries determined by membership status and participation in the project
restricting access to only those residents who held registered membership in the pico-
hydro project

Economic boundaries associated with the villagers' capability to pay the fees set by the
CBO. Inability-to-pay meant exclusion from access

Without exception, all connected households received a single 5W bulb, and switches
were only installed at a communal control point to support phone charging, communal
radio, television facilities.

All households were obligated to partake in critical maintenance tasks, which included
the clearance of the dam canals. Any instances of default were subject to fines as a form
of penalty.

Project contributions from the community were levied based on gender with males
required to pay twice as much as females

Due to lack of power metering, a flat maintenance fee of 1,000UGX was charged per
month for all consumers irrespective of their consumption

Subscription fees, project fees, cash fines set within the group constitution were
proposed and agreed by members in line with what the average household could afford
Manual labor contributions for maintenance were demanded per household to
compensate for the low power tariffs, which were insufficient to cover the costs of
professional maintenance services
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(3) Participatory
decision-
makingt$s

(4a) Commons
must be
monitored$8

(4b) Monitors
accountable to
the user
community+8

(5) Graduated
sanctions for
deviant
behaviort§

(6) Conflict
resolution easily
accessiblet§

(7) Commons
need the right to
organiset§

(8) Commons
work best when
nested within
larger
networkst§

Central power point and communal switches were strategically located at the customary
gathering spot where adult men would meet every evening to drink and socialize aligning
with community’s socio-cultural structure

Group constitution was proposed and adopted in a meeting of all members

Group meeting resolutions are generated by majority vote

According to the constitution, attendance of group meetings was obligatory, and there
were penalties in place for individuals who did not attend these meetings.

Monitoring the physical conditions of the pico hydro dam was an integral part of the daily
operations conducted by the operations committee.

This included overseeing member households' compliance with scheduled maintenance
activities to ensure the proper functioning and upkeep of the hydro-dam.

Elected monitors on the operations committee were registered members of the group
having close ties with the resource user community, including neighbors, relatives, and
friends.

The group constitution strucures the sanctions as follows:

Instant Cash Fines. Smaller offenses, such as missing a meeting or defaulting on
maintenance work, incur instant cash fines of UGX 3,000.

Bigger Offenses. including failure to pay the fine or repeated failure to participate in
scheduled work, are handled by a select disciplinary committee with the authority to
impose larger fines as necessary.

Sub-County Court (LCII]). Cases that are not resolved by the disciplinary committee are
escalated to the sub-county court of LCIII - a local government office.

Property Seizure: Group's constitution allows the operations committee to seize the
property of members who do not pay the fines as specified, equal to the fine amount.

Conflict resolution arenas include:

Group meetings: Resolutions are made by majority vote

Disciplinary committee: For resolving cases of repeat offenders or those contesting
awarded fines

Any conflicts beyond the scope of the group meeting or disciplinary committee are
fowarded to the sub-county LCIII court for resolution

The community officially registered a Community Based Organisation (CBO) - Gwere-
Luzira Self Help Pico-Hydro Electricity Project.

Its constitution is legally recognized and acts as a governing document that outlines the
rules, rights, and responsibilities of the cooperative and its members

Provisions within the cooperative's constitution are generally legally enforceable, both by
the cooperative itself and by its members.

Group by-laws are binding on members but are subordinate to the general country laws,
particularly as specified by the Cooperative Societies Act of 1991.

Conflict resolution structure involves various organizations within the group framework
including internal disciplinary committee and external local government structures

t At the project formation stage, the primary focus is on defining the scope, ensuring inclusive decision-making, and

securing the right to organize and integrate into larger networks (ODP 1, 3, 7 & 8).

T At the project organisation stage, focus is on setting rules that ensure fair distribution of costs and benefits,

operationalizing mechanisms for inclusive decision-making, setup of monitoring processes, defining sanctions for rule

violations, and establishing mechanisms for resolving disputes (ODP 2-6).
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§ At the project governance stage, focus is on the continuous application and adaptation of these principles, ongoing
participatory decision-making, continuous monitoring, application and adjustment of sanctions, support for the

community’s self-organization efforts, and calling on larger networks for broader support (ODP 3-8).

3.4.2 Stakeholder Perspectives of Gwere Minigrid Project

3.4.2.1 Community benefits vs expectations from minigrid project

In spite of the small size of the system, the community still reported a number of benefits

achieved from the minigrid project including lighting, phone charging, communal radio, television

and refrigeration facilities. For the different groups, differences in focal functional interests

emerged.

Table 8 summarizes the main themes and specific stakeholder perspectives pertaining to the

benefits of the project to the community.

Table 8: Perceived community benefits from the project

Main
Theme respondent Respondent perspectives
category
“That project was very good. When it was working, we had lights, children
Wornen could read in the evening.”
“They (students) used to help out more at home because they had the extra
time at night to finish their school work”
Lighting “The extra reading time at night, allowed them (students) time in the
Local teacher "
afternoon to play more sports at school.
“With lighting at the central power point in the evenings, men could stay
Men longer - drinking and socializing without worrying about increasing their
kerosene costs”
Phone All “We were able to charge our phones without going long distances like
charging before.”
Income Community “It was a source of income. People came from surrounding villages to charge
leadership their phones here.”
Jobs Community “Project employed 3 workers; 2 technicians and another worker in charge of
leadership central power point tasks e.g., charging cell phones.”
Entertain- Men “There was a radio at the central point so we could listen to some news and
ment football.”
. . “We used to walk tall among our neighbors. They used to envy us a lot!”
Community = Community u .
. . Everyone knew our village. Reporters came all the way from Kampala
prestige leadership

(capital city) just to interview us.”
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Overall, the project, though small, had positive social and economic impacts and was a source
of pride for Gwere village. In addition to benefits, respondents were questioned about their initial
expectations for the project. The community held certain expectations at the project's outset, but
some of these hopes remained unfulfilled, leading to a degree of disappointment. Table 9
summarizes the main expectations for key stakeholder groups. The expectations illustrate a mix of

optimism, misconceptions, and a possible dependency mindset in terms of over-reliance on

external actors outside the community.

Theme(s)

Free electricity

Unfulfilled
expectations

Table 9: Stakeholder expectations of the project

Sub-theme

Expected free power in the face

of free streaming water

Disappointed by unfulfilled
system functionality

Respondent

group,
No./Total (%)

CBO members,
6/17 (35.3%)

CBO members,
13/17 (76.5%)

Respondent perspectives

"I thought that we would not have to
pay for power since it was being
generated from the stream, and the
stream /s free for all of us."

"We looked forward to using radios
and maybe TV at home but it was
disappointing that they (installers) did
not install switches in our houses."

Unexpected Did not expect the household CBO members "Many times, you had something else
maintenance maintenance burden for the ! to do, but the leaders were strict and
) 8/17 (47.1%) "
burdens system to be so big work had to be done.
“The income from the control point
together with the monthly collections
. Expected community Local was expected to cover the
Community L . . . . ”
ability to pa contributions to fully support leadership, 3/4 = maintenance but it was too little.
ytopay system maintenance (75.0%) “We had no choice but to set lower
tariffs; that is what most households
could afford'.
Over reliance on external Local "We thought that in case the system
Communit actors for support i.e., Donor leadership, 4/4 | failed, the donor would step in to
y agency (100.0%) support us "
dependency . "
. Over reliance on external Local Even the government was another
mindset . .
actors for support i.e., leadership, 2/4 | channel we thought would come to
Government (50.0%) our aid in case the system failed”

3.4.2.2 Local technical capacity

Interviews with the local project leadership revealed challenges in retaining the two GIZ-

trained technicians due to low remuneration. One member of the former operations committee
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explained, “The GIZ training made them very valuable.... They got marketable skills that could
export them out of Gwere. They got work outside.” Another member recalled, “It was a real
problem supervising them. They looked for greener pastures. Sometimes the system would be off
for days waiting for them to come back to support us.” The financial viability of the CBO and the
economic prospects in Gwere were insufficient to retain the skilled resources needed for the
sustainable operation of the off-grid project.
3.4.2.3 Gwere project failure

Hydro-turbine failure. The hydroelectric system in Gwere-Luzira operated for about a year
before the turbine failed. Previous failures, including lubrication needs and blockages from silt
and debris, had been resolved by the community despite procurement challenges from Kampala,
a 6-8-hour bus ride away. However, the latest turbine failure was more severe, and past solutions
were ineffective, prompting the project leadership to seek assistance from the donor agency.

Donor agency engagements. The donor agency took the failed turbine to Kampala for repairs
in 2011 but never returned it. Despite efforts by the Gwere project leadership to follow up, they
were unsuccessful. Respondents noted, “We had accumulated some savings with the village
SACCO which we deployed so that the Village Committee chairman could go to Kampala to meet
GIlZ people. We heard that the problem required a new turbine to be imported from Germany. We
got updates until the GIZ project coordinator left the country. After that, he (chairman) went about
three times to Kampala but failed to meet anyone and the effort was abandoned.” Additionally,
there were no formal agreements outlining the responsibilities within the project, leading to
information asymmetry and a lack of clarity for the community on the terms of engagement. When

the project was handed over to the community, residents and local leaders recalled, “... a big
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ceremony with many politicians from Kampala. Even the Minister of Energy, Madam Muloni
came. .... there were many speeches and photographs, but no formal MoU or project handover
document was signed with us”.

Community ownership and responsibility. The community set up a group savings fund via
the local savings and credit cooperative organization (SACCQ) from monthly tariff collections,
which also served as a project maintenance fund. This fund allowed them to independently support
multiple system repairs, showcasing community ownership and responsibility. However, as
highlighted in section 3.4.2.2, the collections were insufficient to adequately pay and retain local
technicians or support major repairs and turbine imports from Germany. Efforts to engage with
minigrid sector governance agencies, such as the Electricity Regulatory Authority (ERA) and
Rural Electrification Agency (REA), were unsuccessful, with the leadership noting, "They did not
give our request much priority; our project was too small.”. Consequently, the community's hopes
for assistance were pinned on the donor agency. One member noted, “We felt that as our partners,
they would come to our aid when we needed them.” The community expressed a sense of
powerlessness regarding the project failure, with the committee chairman stating, “There was
nothing we could do. They are the ones who paid for the turbine in the first place. What options
did we have if they refused to return it? ” He added, “The morale of the community was obviously
not good after it failed. As chairman, | still feel embarrassed going back to re-engage the
community for other projects.” The community exhibited some ownership and accountability for
the system'’s sustainability; however, this was insufficient as they relied on external entities like
the donor agency or the government and lacked a concrete long-term strategic plan to ensure its

enduring viability.
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Donor perspective. Interviews with two GIZ representatives, although not specific to the
Gwere project due to faded institutional memory, provided valuable insights. They noted a shift in
the PREEP program's funding strategy from hydro to solar minigrids, discontinuing investments
in hydro projects like Gwere's. This shift was driven by ongoing innovations in solar technology,
reducing costs over time. Further, GIZ's role in international development covering project
management, financial oversight, procurement, and logistical coordination, as well as knowledge
transfer, extends only until project completion. Typically, as a donor agency, GIZ collaborates
with an implementing entity responsible for local execution and post-project support. In Gwere's
unique case, the community acted as the implementation partner, responsible for both project

execution and continuous maintenance.

3.5 Analysis of Gwere’s Emergent Challenges & ODP Mitigation Strategies
Based on the findings in Section 3.4.2 regarding community perceptions of the Gwere
project's failure, this study applies the systems thinking framework for community off-grid
systems, outlined in Section 3.2.3, to conduct causal analysis and develop causal loop diagrams
across the six subsystems. This holistic approach identifies the driving mechanisms behind
dominant emergent effects, focusing on key reinforcing and balancing feedback loops, and
assesses the extent of impacted subsystems. By doing so, the study evaluates the effectiveness of
the governance system in addressing these issues and explores potential Ostrom Design Principle

(ODP) strategies for mitigation.
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3.5.1 Systems Thinking Analysis of Gwere Off-grid System

From the results in section 3.4 the study extracts key thematic subsystem elements constituted
within the different subsystems of the Gwere off-grid STS, and these then form the interfaces of
interaction that are the basis for the causal loop analysis.

The dominant themes in the physical infrastructure relate to the generation system, access
roads, repairs and maintenance, and spare parts and inventory. The external environment features
the local economy, off-grid regulatory framework, and the employment and labour context. The
institutional infrastructure features the regulatory framework and off-grid policies and incentive
schemes in the policy dimension, power dynamics, political will & support, advocacy & lobbying
and resource allocation processes, as well as compliance and community buy-in in the politics
dimension. The Polity dimension features the local governance structures, stakeholder committees,
local rules and community engagement processes and the resulting community sentiment in terms
of collective action and project ownership. Within the People-culture infrastructure are the social
norms & values, the social-economic impacts from the project, community participation &
ownership, stakeholder collaboration, education & capacity building, conflict resolution &

grievance mechanisms and gender & social inclusion.
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Figure 9: Causal loops and feedback mechanisms within the physical infrastructure and external environment. Source: Author

Figure 9 summarizes the multiple feedback loops that exist within the physical
infrastructure ecosystem and its intersection with the external environment. The off-grid physical
infrastructure interacts with the external environment through various causal and reinforcing
feedback loops (R). R1 describes how improved energy system performance boosts sales and tax
revenues, enhancing the local economy, which in turn increases productivity and power
consumption. R2 shows that better transport infrastructure boosts productivity and strengthens the
local economy, allowing for more infrastructure investment. R3 highlights that increased revenue
from the energy system funds maintenance, improving system uptime and sales. In R4, a high-
performing energy system generates revenue to stock up on spare parts, enhancing maintenance

and ultimately system performance. R5 combines all these loops, showing that a high-performing
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energy system boosts the local economy, drives infrastructure investments, and facilitates

maintenance logistics, further enhancing system performance and outputs.

3.5.1.2 Minigrid Institutional Subsystem Interactions

Figure 10 illustrates the causal loops within the institutional infrastructure. Within the policy
dimension, fair regulatory frameworks mitigate negative power dynamics, preventing
monopolization and ensuring equitable access and participation in the off-grid system. These
frameworks also strengthen local governance structures, ensuring compliance and operational
efficiency. Incentive schemes enhance community engagement and investment, fostering a sense
of ownership and better maintenance of the microgrid. Additionally, strong advocacy efforts
influence political will, leading to policy changes and resource allocation that support the
microgrid's sustainability. In the polity dimension, local governance structures establish and
empower stakeholder committees to represent community interests. These committees act as
intermediaries, ensuring community voices and concerns are addressed. Community engagement
fosters buy-in and ownership by involving members in the planning, decision-making, and
implementation of the off-grid system. High levels of engagement and buy-in promote collective
action, encouraging community collaboration towards common minigrid goals. In the politics
dimension, power dynamics shape resource allocation within the community, allowing those with
greater influence to steer decisions to their benefit. They also affect the level of political will and
support a project receives, with powerful stakeholders able to mobilize political backing. Strong
political support, in turn, leads to better funding and resource distribution. Advocacy and lobbying

efforts influence policymakers, shaping political will and support. Those with more power can
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enhance their lobbying efforts through greater resources and networks. Effective advocacy can

convince decision-makers to allocate more resources to the off-grid project
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The institutional infrastructure is influenced by two reinforcing feedback loops. In R1

effective resource allocation improves the energy delivery subsystem, leading to reliable electricity

and community satisfaction. This success garners political will and support, resulting in more
resources being directed to the subsystem, enhancing its performance further. In R2, stakeholder

committees drive community engagement, fostering collective action and a strong sense of

ownership among community members. This heightened ownership reinforces the effectiveness

of stakeholder committees, perpetuating active community participation and support
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3.5.1.3 Minigrid People-Culture Subsystem Interactions

The interaction map in Figure 11 presents an analysis of the main interacting sub-systems

and the nature of interactions within the people-culture components of the off-grid STS.
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Figure 11: Causal loops and feedback mechanisms within the People-cultural sub-system. Source: Author

In R1 and R2, positive social norms and values drive higher stakeholder collaboration and
community participation, respectively. As these virtues grow and yield tangible benefits, social
norms and values are further strengthened, perpetuating the cycle. In R3, positive social norms
and values lead to effective conflict resolution mechanisms and stakeholder collaboration, which
in turn reinforce these norms, creating a continuous improvement cycle. In R4, increased
community participation boosts overall productivity, leading to positive socio-economic impacts

that motivate continued participation and ownership, reinforcing the cycle. Finally, in R5,
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education and capacity-building efforts empower the community to participate in the project, with

practical skills enhancing their knowledge and capacity through active involvement.

3.5.2 Emergent Effects & ODP Mitigation Strategies in the Gwere Failure

From section 3.4.2, a number of key issues arise with a direct contribution to the failure of
the project. They are here categorized within the STS framework of Figure 8. In the physical
infrastructure domain, the study found a weak or near-non-existent physical support infrastructure
for the community off-grid system. Within the institutional infrastructure, three main issues were
found: (1) low political will and support for the project, (2) insufficient project ownership and
accountability, and (3) information asymmetry. The People-Culture dimension was influenced by
the absence of specific conflict resolution and grievance mechanisms for the project. Lastly, within
the External Environment, emergent effects arising from the economic prospects of Gwere, were

found to have compounded the problems.

3.5.2.1 Physical infrastructure & External Environment - Dominant Effects &

Mitigating ODPs

Section 3.4.2.3 describes Gwere’s rural East African context, highlighting a big problem on
inadequate physical support infrastructure including, no spares access channels, a limited transport
and logistical support network, and costly import requirements for replacement components.
Additionally, there is a failure to retain skilled technical capacity for system maintenance. These
issues create significant emergent effects impacting off-grid sustainability.

Figure 9 emphasizes the dominant reinforcing loop R5, involving the 'Energy delivery
subsystem," 'Local economy,' 'Access roads," and ‘Maintenance & repairs.' Key components of

physical infrastructure, especially those related to maintenance, are tightly linked with the local
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economy in the external environment. Poor road networks, long travel distances for spare parts,
and the lack of accessible spare parts channels, stemming from the local economy, result in
extended operational downtimes, disrupting the continuous supply of electricity. High costs for
spare parts and repairs strain project finances, affecting affordability and financial sustainability.
Dependence on costly imports makes the system vulnerable to global supply chain disruptions, in
addition to diverting resources from other project aspects. These effects underscore the importance
of resilient and locally accessible physical infrastructure for the sustainability of community off-
grid projects. Furthermore, feedback loop R1 between the energy delivery subsystem and the local
economy creates financial sustainability challenges. Gwere's limited economic prospects make it
difficult for residents to afford cost-reflective electricity tariffs, hindering revenue generation for
maintenance costs. This results in difficulties retaining skilled technicians, causing operational
disruptions and increased reliance on external experts. The community's limited economic
opportunities increase dependence on external support, diminishing ownership and self-reliance,
negatively affecting the institutional infrastructure.

To counteract the negative spiral from reinforcing loops R5 and R1, balancing loops that
stabilize the system by addressing the root causes of decline are essential. Introducing a
Community Engagement-Local Mobilization balancing loop, based on ODP (7) and ODP (3), is
crucial. These principles emphasize the community's right to organize and participate in decision-
making. Enhancing community engagement in the maintenance and operation of the off-grid
system fosters a sense of ownership and responsibility, making members more likely to support
and participate in maintenance activities. This approach facilitates local resource mobilization

strategies, reducing dependency on external sources.
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A dedicated maintenance and repair fund, sourced from community contributions, local
businesses, and potential partnerships with local government, ensures timely maintenance and
procurement of spare parts. Encouraging community contributions through local initiatives
leverages the community's strengths and resources. As community engagement and local resource
mobilization improve maintenance activities, the energy system's reliability and performance
should increase, supporting local economic activities and generating more revenue. This, in turn,
provides more funds for infrastructure investments, creating a positive feedback loop that
stabilizes and enhances system performance. However, these principles alone may not address all
challenges stemming from broader regional or economic factors, necessitating collaboration with
external stakeholders. Thus, while ODPs enhance resilience, broader strategies are needed for

comprehensive infrastructure solutions.

3.5.2.2 Gwere — Institutional infrastructure - Dominant Effects & Mitigating ODPs

Figure 10 shows two dominant reinforcing loops within the institutional infrastructure. Loop
R1 highlights the relationship between political will and support, resource allocation, and the
energy delivery subsystem. Low political will and associated inadequate resource allocation leads
to the underperformance of the energy delivery subsystem. This underperformance further
diminishes political will, creating a negative feedback loop that exacerbates sustainability issues.
The lack of political backing results in insufficient funding, hampering efficient operation and
reducing overall support and confidence in the project's viability. In loop R2 poor community
engagement efforts frustrate collective action and diminish community sense of ownership of the
project. As a result, the community does not feel accountable for the project's success, leading to

neglect in maintenance and operation, ultimately harming the project's sustainability. Similarly,
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poor or lack of community engagement closes channels for communication of project details,
roles, responsibilities which are essential for managing community expectations. The resulting
lack of collective action and ownership further exacerbates the information gap, creating a
disconnect between the community and the project and negatively impacting the project's
sustainability.

To stabilize the system in the R1 context, a balancing loop that boosts political will and
resource allocation through enhanced community advocacy and stakeholder engagement is
proposed. This loop focuses on showcasing the community's commitment and the benefits of the
off-grid project to gain increased political support and resources. A Community Advocacy and
Engagement balancing loop, based on ODP (7), which emphasizes the community's right to
organize, would encourage the community to actively advocate for their needs and the project's
benefits to local and national government representatives. Effective advocacy would raise political
leaders' awareness of the project's significance, leading to increased political support and improved
resource allocation. This support ensures adequate funding for maintenance and operations,
enhancing the energy delivery subsystem's performance. Successful project outcomes would
further bolster political will, creating a positive cycle of advocacy, resource allocation, and system
performance, thereby stabilizing the system and ensuring the off-grid project's sustainability and
success.

To close the information gap and enhance community engagement in loop R2, a Community
Information and Involvement balancing loop based on ODP (3) - Participatory decision-making
and ODP (6) - Easily accessible conflict resolution, can be implemented. This loop would ensure

that community members are well-informed about project details, roles, and responsibilities,
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thereby fostering collective action and ownership. Establishing clear communication channels
through regular community meetings and digital platforms would disseminate essential project
information effectively. Engaging community members in decision-making processes ensures
their voices are heard and they have a stake in the project’s success. Education and training sessions
would empower the community to actively participate in project maintenance and operations.
Implementing easily accessible conflict resolution mechanisms to address disputes promptly
would build trust in the project. Establishing feedback mechanisms for community concerns,
suggestions, and experiences is crucial for continuous improvement and strategy adjustment. This
balancing loop would enhance ownership and accountability, close the information gap, and
support the project's sustainability by ensuring full community engagement and informed
participation.
3.5.2.3 Gwere — People-Culture - Dominant Effects & Mitigating ODPs

The People-Culture dimension was significantly impacted by the absence of specific conflict
resolution and grievance mechanisms for the project. Loop R3 in Figure 11 highlights the
interaction between social norms and values, conflict resolution and grievance mechanisms, and
stakeholder collaboration. The community's social norms and values, characterized by high power
distance, contributed to unequal power dynamics in negotiations and conflicts with the donor
agency. This imbalance made it difficult for the community to effectively address the turbine
failure and the resulting stakeholder disagreements. Without established mechanisms for resolving
disputes and grievances, the community's social norms reinforced behaviors detrimental to
successful collaborations. This included a lack of clear specification of each party's interests and

insufficient accountability for partners' obligations.
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To address the negative dynamics in loop R3, a Social Empowerment and Collaboration
balancing loop can be implemented. This loop focuses on leveling power dynamics by fostering a
culture of equality and collaboration within the community and with external stakeholders. Key
actions include capacity building and education to advise the community about their rights and
responsibilities, empowering them with negotiation and conflict resolution skills, establishing
structured and impartial conflict resolution mechanisms (ODP 6), enhancing stakeholder
collaboration through structured platforms for regular dialogue and inclusive decision-making
(ODP 3), and strengthening community leadership and advocacy capacity (ODP 7). With these
measures, the community would build internal strength, they would ensure fair conflict resolution,
better collaboration, and mitigate the negative impacts of their high power-distance, thereby

supporting the sustainability of the off-grid project.

3.6 Conclusion & Policy Implications

The Systems thinking perspective on Gwere's minigrid project governance and failure
presented in this paper underscores the significance of ODPs as a strong foundational framework
for governance in community-owned off-grid systems. While ODPs empower communities to take
ownership and responsibility for their projects, their limitations become evident when faced with
external challenges that spill into the local context—issues beyond the community’s control.
Ensuring long-term sustainability requires not only the flexible application of ODPs but also
adaptive management strategies that address external challenges and foster stronger collaboration
with external stakeholders and governing bodies. Establishing multi-tiered alliances with similar
projects across regions could provide shared technical expertise, financial resources, and collective

bargaining power for critical resources like spare parts. Such a network would facilitate knowledge
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exchange and preemptively address challenges, as seen in Gwere. Potential partnerships in the
region include Uganda’s Nyamwamba, Rwimi, Buseruka, and Nkusi mini/pico-hydro power
projects, alongside Rwanda’s Rubagabaga and Kenya’s Tungu Kabiri projects. Additionally,
pooling resources to establish a common insurance fund would provide financial security in the
event of technical failures or emergencies, enhancing the overall resilience of these initiatives.
This case study of Gwere provides valuable insights into the complexities of community off-
grid projects in rural developing contexts, offering detailed data for analyzing physical
infrastructure, institutional arrangements, socio-cultural factors, and external influences. The study
emphasizes the need for adaptable governance approaches, strategies to address external
challenges, and collective collaboration for resource and risk sharing. It also demonstrates the use
of systems thinking methodology integrated with socio-technical systems analysis to analyze the
interactions between infrastructure, institutions, and socio-cultural factors, identifying emergent
effects that impact the sustainability of similar off-grid systems. However, its context-specific
nature may limit its generalizability to other regions or projects. Additionally, the qualitative
nature of the research introduces the possibility for bias in data collection or analysis. To mitigate
these biases, the study utilized multiple data sources (semi-structured interviews, focus group
discussions, and secondary data from reports and governance documents) to ensure that the
findings were corroborated across different types of data. By comparing and cross-verifying
information from these diverse sources, the study minimized the risk of relying on any single
biased source of data. In addition, the study employed purposive sampling to assure the

representation of diverse voices within the Gwere project.
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Future research could expand on these findings by exploring similar projects in different
contexts, examining the long-term sustainability of the proposed governance strategies, and
integrating more detailed technical and aesthetic considerations to provide a more comprehensive

understanding of the socio-cultural-economic impacts and benefits of community off-grid projects.
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Linking Network Structure & Performance: Influence in an Off-grid
Financing Policy Network
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Abstract

This study employs Social Network Analysis to scrutinize the structure and dynamics within Uganda's off-grid
financing and investment network, demonstrating how network structure configurations influence power and capacity
of network agents. By integrating Principal Component Analysis with traditional centrality metrics, the research
constructs detailed influence scores, revealing a network characterized by significant disparities in power and
connectivity. It pinpoints international development banks and partners as pivotal influencers, who dominate network
operations through their extensive access, brokerage capabilities, and diffusion capacities. Moreover, the study
highlights strategic opportunities to strengthen the network by enhancing the connectivity of peripheral nodes and
amplifying the roles of the most central nodes to improve overall network robustness and cohesion. These findings
have broader relevance, providing key insights for optimizing network governance in similar off-grid energy systems

worldwide, ensuring a more integrated and effective network structure.
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4.1 Introduction

Rural electrification efforts involve a diverse array of participants including federal, state, and
local governments, alongside non-state actors from both for-profit and non-profit sectors,
development partners, and international agencies, calling for a non-traditional governance
network. This relational complexity, the base for productive collaborations among multiple actors

from different sectors, is a fundamental characteristic of policy networks (Kapucu, 2015).

Different from the top-down approach to policy in traditional main grid initiatives, off-grid
systems, which are small-scale generation systems operating independently from traditional
energy grids (Mandelli et al., 2016), are set in rural hard to reach areas, inaccessible to the main
grid, giving them differing geographic, economic and social scales for consideration (Namujju et
al., 2023b). Koliba et al. (2017) defines such networks as consistent patterns of coordinated actions
and resource exchanges among policy actors from various sectors—public, private, and nonprofit,
interacting through diverse arrangements, including competitive, command and control,
cooperative, or negotiated frameworks, all aimed at achieving a shared objective. They tend to
emerge around specific policy issues with agent relationships and contacts structured around

shared, albeit, continuously negotiated beliefs and interests (Heard-Laureote, 2018).

Off-grid policies are shaped by a range of factors, including technical, economic, social, and
environmental considerations (Nkiriki and Ustun; Tenenbaum et al., 2018). This study utilizes
Uganda’s Off-grid Financing and Investment (OFI) policy network as a case study to examine the
link between policy network structure and performance. Within this network, coordinated actions
and resource exchanges among actors—supported by incentive policies, financial instruments, and

partnership models—are aimed at mobilizing public and private investments to develop and
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implement sustainable energy solutions in underserved areas (Bhattacharyya, 2013; Glemarec,
2012; Shi et al., 2016). Effective governance of this network calls for fast and efficient share of
information and key resources, as well as effective administrative hierachies, all of which derive

from the structure of the network.

Policy network analysis has been extensively utilized to investigate network structures,
emphasizing the connections and interdependencies between policymakers and societal actors.
Numerous studies have explored factors contributing to enhanced effectiveness in network
governance across various fields, including health systems (Provan and Milward, 1995), public
management (Meier and O'Toole, 2007), clean energy governance (Yi, 2017), and environmental
project networks (Klijn et al., 2010). Many have examined network performance across different
geographic regions (Kelman et al., 2016; Klijn et al., 2016; Lee and Rethemeyer, 2013). However,
a notable research gap remains in the space of energy financing and investment policy networks.
This network's structural topology and diverse value flows—including financial, technical, and
information resources, along with policy and advocacy support—have received limited attention.
This research is crucial for optimizing these value flows, promoting collaboration, and ultimately

bolstering the effectiveness and impact of OFI initiatives.

This study enhances the field of Social Network Analysis (SNA) (Berkowitz and Donnerstein,
1982; Burt, 1980; Freeman, 2004; Holland and Leinhardt, 1977; Marsden, Peter V., Lin, Nan,
1982) by integrating multiple centrality measures to assess node influence within network
structures. It transcends traditional SNA approaches that focus on singular metrics, allowing a
nuanced examination of how actors access, facilitate or hinder resource and information flow. The

study investigates three key aspects: (1) the defining structural characteristics of agent/node groups
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and linkages within the network, (2) how these characteristics influence node-level power, and (3)
the implications of node positions on policy and political dynamics, including access, brokerage,
and resource diffusion. It also assesses how network structure affects policy coordination,
collaboration, and resource flow for Uganda's off-grid projects, providing critical insights into

network governance.

The remainder of the paper is organized as follows: Section 4.2 presents a theoretical
framework relating network position, centrality, and the various dimensions of network power.
Section 4.3 describes the study methodology and case study network context. Section 4.4 presents
the network centrality results. Section 4.5 Section 6 discusses the conclusion and policy

implications of the network structure.

4.2 Theoretical Framework

The existing literature has predominantly focused on the performance of managed networks -
typically characterized by centralized control and coordination (Gillett and Kapor, 1997; Osman,
2018), with limited attention directed towards the examination of self-organizing networks. The
latter rely on decentralized decision-making and emergent order, where interactions among
network participants drive the organization and functioning of the network (Berardo and Scholz,
2010; Di Serugendo et al., 2006). The OFI policy network embodies the characteristics of a self-
organizing network. Decision-making authority is distributed among various stakeholders
(government agencies, donors, financial institutions, and private sector entities) so that each
participant holds a level of autonomy and agency, allowing them to make decisions aligned with
their interests, objectives, and limitations (Pryke et al., 2018). The study utilizes SNA methodology

to investigate how structural network characteristics drive performance within self-organizing off-
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grid policy networks. The central hypothesis underpining structural analysis is that actors’
performance is an outcome of their structural position in the network. Similarly, any structural
opportunities that actors can enjoy derive from possible relations mobilized from specific positions

(Carlsson and Sandstrém, 2008; Chiesi, 2006).

4.2.1 Effect of Network Position on Power & Influence

A positional analysis of a social network operates under the assumption that the group's role
hierarchy and individuals' positions within it are discernible through the observed relationships
within the network dataset (Wasserman and Faust, 1994). Through persistent patterns of
association among actors, structures are created that can define, enable, or restrict the node
behavior (Banzhaf, 2009; Glisic, 2016). The paper uses SNA to measure these potential sources
of actor influence and constraint. It examines the strategic consequences of network positions, with
a particular emphasis on centrality — a measure of actors’ importance in a network. An actor is
considered central if they are closely connected to all other actors in the network (Bonacich, 1987;
Burt, 1976; Friedkin, 1991; Mark S. Mizruchi and Blyden B. Potts, 1998; Mintz, 1985). This
notion is motivated by the belief that individuals who maintain close ties with others tend to have
access to more information (Leavitt, 1951; Stephenson and Zelen, 1989), higher status (Hubbell,
1965), more power (Bonacich, 1987; Mintz, 1985; Yamaguchi, 1996) and greater influence
(Friedkin, 1991) than others. Another aspect of centrality discussed in SNA literature relates to
positional advantage. This concept suggests that actors are central insofar as they occupy positions
that lie between other actors on the paths of communication (Freeman et al., 1991; Freeman et al.,
1979; Freeman, 1977; Friedkin, 1991). Such individuals can facilitate or inhibit the

communication of others, thereby influencing the access of other actors to information, power, or
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influence. Occupying a central position within a network grants an actor greater potential power
to exert influence, shape agendas, and manipulate interests compared to being in an isolated
position. Based on this, the study defines network power as the capacity of an actor to generate
effects through social relations, thereby shaping their ability to influence their circumstances and

outcomes (Barnett and Duvall, (2005).

4.2.2 Network Power

Power in social networks is not a fixed attribute of an individual but arises from the
relationships and connections between actors (Hafner-Burton et al., 2009; Hafner-Burton and
Montgomery, 2010). Established sources of power in SNA literature including resource control,
influence, network position, value offered, etc., are leveraged by actors to exert influence and
navigate the network landscape. An actor's access to others in the network , their brokerage
capacity and their resource diffusion abilities are all crucial elements of relational power that actors
use to leverage their connections to influence others (Bassoli et al., 2014; Burt, 2018; Jason M.

Smith et al., 2014).

In our examination of the OFI network, the study assesses power across these three
fundamental dimensions: (1) the accessibility to other actors and the corresponding advantages
gained by those who access them — access power, (2) the role of brokerage in connecting indirectly
linked actors or groups, and the influence that stems from this intermediary position — brokerage
power, and (3) the efficiency of resource propagation through the network and the relative

advantages accrued to each actor — resource diffusion power.

While previous research has relied on established centrality measures (in-degree, out-degree,

betweenness, closeness, eigenvector) to identify powerful actors in social networks (Gomez et al.,
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2003; Hanneman and Riddle, 2005b; Raffaele Vignola et al., 2013; Samaneh Ghafoori Kharanagh
et al., 2020), this study takes a significant step forward. It advances traditional SNA by integrating
unconventional metrics such as Local Network Efficiency (LNE), effective size, constraint, power
centrality, and information centrality (centrality metrics in Appendix A). By doing so, it offers a
richer, more comprehensive view of network power dynamics. Traditional analyses often assess
centrality metrics in isolation, potentially overlooking how these metrics interact to influence a
node's strategic role within the network. To address this, the study employs Principal Component
Analysis (PCA) to synthesize these diverse metrics into composite scores, effectively capturing
both the direct and indirect dimensions of node influence across access, brokerage, and diffusion
capabilities. This approach not only provides a deeper understanding of the multifaceted roles
nodes play in network functionality and resilience but also enhances the statistical reliability of the

results (Lieftucht et al., 2006).

4.2.2.1 Access power

The study defines Access power within a network as an actor's ability to reach and leverage
resources through their direct connections and interactions with other network participants. Most
studies quantifying the concept of power-as-access have traditionally relied on degree centrality,
which directly counts an actor’s connections and serves as an indicator of their connectivity (Jason
M. Smith et al., 2014). This study expands upon this by incorporating eigenvector centrality, an
indirect measure of access power that considers the influence and reach of an actor's connections
(Wasserman and Faust, 1994). Alongside these, the study uses effective size, a less conventional
metric that accounts for the redundancy within these direct connections (Burt, 2018; Burt, 2012,

Hanneman and Riddle, 2005a). It highlights how well-connected an actor is to distinct parts of the
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network, not just a high number of connections to the same group, allowing for multiple,
independent channels for acquiring resources, information, and opportunities. By combining
degree centrality, eigenvector centrality, and effective size, this study provides a more
comprehensive understanding of power-as-access within networks, going beyond simply counting

connections but also accounting for connection quality and diversity.

4.2.2.2 Brokerage power

Brokerage power refers to the ability of a node to facilitate or control the flow of information
or resources between other nodes that are not directly connected (Burt, 2007; Stovel and Shaw,
2012); derived from its strategic position connecting otherwise isolated parts of the network
(Kwon et al., 2020). Betweenness centrality has served as a fundamental metric for evaluating
brokerage power in most SNA literature (Everett and Valente, 2016; Hanneman and Riddle,
2005b). Nodes with high betweenness centrality hold significant control over the flow of
information, resources, and influence, positioning them as strategic but vulnerable points within
the network (Mark S. Mizruchi and Blyden B. Potts, 1998). Their centrality provides strategic
advantages but also makes them critical points of failure, as their removal can disrupt the network

(Holme et al., 2002).

This study expands the analysis of brokerage power by incorporating two less commonly used
metrics alongside betweenness centrality: Constraint and Power centrality. Constraint
complements betweenness centrality by capturing the limitations an actor faces due to the structure
of their connections (Martin G. Everett and Stephen P. Borgatti, 2020). It effectively quantifies
how much a node’s network contacts are interconnected, thereby constraining the node's autonomy

and limiting its opportunities to broker information and control resources among distinct groups

4-90



4 Linking Structure of Governance Networks to Performance

(Linetal., 2021). With lower constraint, a node links groups or nodes that do not have other direct
pathways to connect and as such has higher brokerage power because it can control unique
information or resource flows between these groups. Power centrality, in contrast, assesses a node's
ability to amplify its influence through its connections. It is defined recursively so that a node's
power increases with the power of its neighbors in cooperative relationships but decreases as its
neighbors grow stronger in competitive settings (Bonacich, 1987). In the case of Uganda’s OFI
network, the study assumes cooperative relations among actors so that power comes from being
connected to those who are powerful. This metric is particularly relevant in the OFI network as it
highlights nodes that, through their strategic connections, can influence decision-making processes

and resource allocations within the network.

4.2.2.3 Resource diffusion power

Resource diffusion in a network refers to the process by which resources—be it information,
financial capital, goods, or services—spread across the various nodes within the network. The
speed and extent of resource diffusion within a network can be influenced by the network
structure in terms of the pattern of connections (e.g., density, centrality, and clustering), the
characteristics of individual nodes such as their strategic position within the network, as well as
the nature of the resources themselves (whether they are tangible or intangible) (Sun et al.,
2022). Resource diffusion power measures how swiftly and efficiently resources move through

the network to various nodes (Centola, 2015; Gould, 1969).

This study broadens the evaluation of resource diffusion by incorporating two less commonly
used metrics - Information Centrality and LNE alongside closeness centrality. Information

Centrality assesses a node's impact on network communication efficiency, revealing its critical
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role in sustaining network integrity (Stephenson and Zelen, 1989). High scores indicate that
removing the node would significantly disrupt network flow. Conversely, LNE focuses on a
node's impact within its immediate subgroup, evaluating the effectiveness of communication
when the node is removed, and identifying key actors in localized network segments (Crucitti et
al., 2003). These metrics together provide a nuanced understanding of each actor’s influence on

both broad and localized network dynamics.

4.2.3 Exploring Group-Level Network Structure

SNA offers group-level metrics that reveal a network's overall robustness. These measures go
beyond individual nodes and capture the cohesion, structure, and interactions between groups
(Gesell et al., 2013). Their importance lies in uncovering macro-level patterns that influence how
well the network functions, adapts, and withstands disruptions. This study assesses the
connectivity of Uganda's OFI network using standard and advanced SNA metrics. Network density
reflects the overall connectedness, indicating potential pathways for information flow (Peter V.
Marsden, 1993; Wasserman and Faust, 1994). Average path length measures the steps required to
travel between actors, providing insight into the speed of information transfer (Bloch et al., 2023;
Mao and Zhang, 2013; Pan and Saramaki, 2011). Global network efficiency builds on this by
evaluating the effectiveness of these paths, highlighting how efficiently information navigates the
network (Aytac and Atay, 2015). Together, these metrics offer a detailed view of the network's

capacity to effectively disseminate information.

4.3 Methodology & Study Context

This study defines performance as the influence and opportunities actors derive from their
network positions in Uganda's OFI sector. Employing a mixed-methods approach, it integrates
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qualitative data from literature reviews—including research articles and policy documents—with
quantitative SNA using R. This approach facilitates a comprehensive examination of the network's
structure and relationships, where qualitative insights provide context and augment the quantitative
findings derived from network visualization and analysis. The research process includes data
collection, preparation, analysis, visualization, and interpretation, ensuring a thorough

understanding of network value-flows.

4.3.1 Data Collection & Validation

An iGraph map of Uganda’s OFI network was developed using a dual data collection approach.
Initially, internet crawling techniques were used to analyze legislation, policies, and sector reports
to identify organizations linked to off-grid financing. This list was expanded using data from
Uganda's off-grid energy market reports by UOMA (UOMA, 2023), which provided information
on minigrids and their funding sources, and a dynamic stakeholder map from FHI360 under a
USAID partnership (FHI360, 2017a, 2017b), which detailed different financing and policy-related
stakeholder interactions within the sector. These sources were cross-validated to ensure the
accuracy and reliability of the network map, providing a robust basis for analyzing the structure

and dynamics of Uganda’s OFI network.

4.3.2 Network Analysis & Visualization

The study utilized iGraph in R to construct and analyze a network of Uganda's OFI landscape,
comprising 174 nodes and 447 edges, available in Appendix B. Using the #SNA and #VISNET
libraries, the analysis included generating node and graph-level indices, structural distance and
covariance calculations, detecting structural equivalence, and visualizing the network in 2D and
3D. Nodes were categorized into 12 groups including government agencies, international
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development partners, development banks, and NGOs, among others. Edges were classified into
hierarchical administrative, financing, and policy-related links, detailing the nature of interactions
such as formal reporting, funding, and policy advisory within the network. The network structure
analysis was conducted at two distinct levels: (1) Node-Level Analysis focussed on the relative
position of each actor within the network, utilizing centrality measures discussed in section 4.2.2
to evaluate node influence and its strategic implications within the overall network. (2) Group level
analysis related to overall network efficiency utilizing centrality measures discusssed in section

4.2.3.

4.3.3 Aggregate Network Influence Scores

The study seeks to calculate aggregated influence scores by combining essential centrality
metrics using Principal Component Analysis (PCA). This method allows for the integration of
these metrics into unified scores that reflect various dimensions of network power. As explained
in section 4.2.2, PCA condenses Degree Centrality, Eigenvector Centrality, and Effective Size into
an Access Power score, emphasizing the relative contribution of each measure based on its
variance and correlation with others. Similarly, PCA combines Betweenness Centrality,
Bonacich’s Power Centrality, and Constraint into a unified Brokerage Power score, which
quantifies each node's capacity to act as a broker within the network. Additionally, a Resource
Diffusion Power score is calculated by synthesizing Closeness Centrality, Local Efficiency, and
Information Centrality, thereby highlighting nodes' roles in disseminating resources and

information.

PCA is applied to reduce the dimensionality of these centrality metrics while preserving the

variations most representative of each dimension of power (Andrzej Mackiewicz and Waldemar
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Ratajczak, 1993). By calculating eigenvectors and eigenvalues from the correlation matrix of these
metrics, principal components that explain the majority of the variance are selected. Influence
scores are then derived as weighted sums of centrality metrics, with weights based on the principal
components' loadings. This method effectively integrates various centrality measures into
comprehensive scores that capture not just the obvious (direct) connections and influences of
nodes, but also their more subtle (indirect) impacts within the network (Janzekovi¢ and Novak,

2012).

4.3.4 Context of Uganda’s OFI Network

In the context of Uganda's OFI network, a diverse array of actors plays crucial roles in shaping
the landscape illustrated in Figure 12. Figure 13 further outlines the various value-flows and
interactions among the actors in the network (FHI360, 2017a, 2017b; UOMA, 2023). The detailed
information on all 174 nodes, including their categories and the derived iGraph metrics is available

in Appendix C.
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Figure 13: Overview of actors in Uganda’s OFI and their actor interfaces. Source: Author

The interactions between government agencies, regulatory bodies, and various stakeholders in
Uganda's OFI network form a complex and multifaceted ecosystem centered on policy
implementation, funding, and project execution. Development partners and multilateral banks
collaborate to finance large-scale energy projects, aligning funding mechanisms and sharing risks
(KfW and Multiconsult, 2022). Strategic alliances are formed between development partners and
foreign governments to influence local and international development policies. Commercial banks,
microfinance institutions, and private equity funders often join forces in investment syndicates to
finance energy projects through a mix of lending and equity investments (Cartland et al; Kabuta

et al., 2007). Additionally, research institutions collaborate with energy access projects to provide
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essential technical expertise and conduct pilot testing, ensuring the applicability and effectiveness

of new technologies.

NGOs and CSOs collaborate with government agencies to advocate for energy policies that
integrate sustainable solutions and community input (FHI360, 2017a). They also partner with
minigrid and energy access projects to support implementation and ensure projects are sustainable
and locally relevant. Additionally, impact investors work with minigrid developers to fund projects
that combine financial returns with sustainable impacts, supporting the scalability and
effectiveness of off-grid solutions (UOMA, 2023). This intricate web of stakeholder interactions

is analyzed and visualized using iGraph in the following section of the paper.

4.4 Unpacking Uganda’s OFI Network Structure

This section of the study examines Uganda's OFI network structure, leveraging established
SNA literature to interpret the implications of iGraph metric results. It presents a centrality analysis
of the OFI network, detailing the positions of various actors within the network and discussing the

resulting capabilities, opportunities, and risks that emerge from these positions.

4.4.1 Network Centrality and Implications on Stakeholder Power

This section analyzes key centrality measures to illustrate the roles and influence of various
nodes within Uganda's OFI network. It identifies which actors are pivotal in managing the flow of
resources, information, and influence throughout the network. Table 10 presents the average
centrality values for different node groups, identifying the primary connectors, influencers, power
players, gatekeepers, cross-pollinators, and information hubs within the network. Appendix A

contains the full nodelist and corresponding centrality measures.
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Table 10: Actor centrality in Uganda's OFI network

Node Type Eigen Degree @ Effective Power Constraint Between- Closeness | Info LNE
Cent. = Cent. Size Cent. ness Cent.

Development 0.20 | 0.07 0.17 0.46 0.42 0.09 0.0017 0.60 0.29

Partners

Development 0.15 | 0.05 0.14 0.68 0.53 0.03 0.0016 0.50 0.04

Banks

Government 0.13 | 0.04 0.12 0.49 0.40 0.12 0.0017 0.59 0.14

Agencies

Energy Access 0.10 | 0.02 0.05 0.48 0.46 0.01 0.0017 0.61 0.35

Projects

Minigrid Projects = 0.11 0.02 0.04 0.48 0.40 0.00 0.0017 0.60 0.37

Impact Investors  0.08 = 0.02 0.07 0.47 0.79 0.01 0.0013 0.30 0.05

Research 0.05 | 0.02 0.06 0.48 0.49 0.06 0.0016 0.55 0.24

Institutions

Minigrid 0.05 | 0.03 0.06 0.49 0.48 0.01 0.0015 0.45 0.17

Developers

Commercial 0.05 | 0.01 0.03 0.48 0.66 0.00 0.0014 0.43 0.22

Banks/MFI

NGOs 0.05 | 0.02 0.04 0.48 0.62 0.02 0.0015 0.44 0.24

Foreign 0.04 0.02 0.04 0.50 0.76 0.01 0.0014 0.37 0.15

Governments

Private Equity 0.01 0.01 0.02 0.48 0.81 0.00 0.0012 0.20 0.20

4.4.1.1 Centrality Correlations & Implications on Power Dynamics

Table 11 provides a heatmap visualization of the p-values for the correlation analysis between
various centrality and efficiency metrics used in studying the network's structure. This table helps
identify statistically significant relationships (p<0.005) between the applied metrics. This
visualization is crucial for assessing the interdependencies and unique contributions of different

centrality and efficiency measures in understanding the power dynamics in the network.

The dominant trends from Table 11 underscore that eigenvector and degree centrality—
measures of a node's connectivity and its links to other well-connected nodes—significantly
correlate with nearly all other metrics, except for power centrality and LNE. This observation

reinforces the classic network theory that centrality equates to power. Nodes with high eigenvector

4-99



4 Linking Structure of Governance Networks to Performance

and degree centrality demonstrate strong network integration and are likely strategic for the access
of information and resources. They act as vital connectors and influencers within the network,
commanding access to information and control over resources due to their pivotal positions.
Additionally, the strong correlation with effective size indicates that these central actors are not
merely connected but also maintain a variety of links across diverse network sections.
Furthermore, their significant correlation with betweenness centrality implies that these actors
occupy crucial positions on the shortest paths between other nodes, enhancing their capacity to
mediate and impact the flow of communication and resources within the network.

Table 11: Heatmap of p-values for metric correlations

Eigen  Degree @ Effective Power Constraint Betweenness Closeness Info LNE

Cent. @ Cent. Size Cent. Cent.
EigenCent. 0.371 0.873
DegreeCent. 0.401 0.717
EffectiveSize 0.230 0.105 0.104  0.106  0.401
PowerCent. ~ 0371  0.401 0.230 0.905 0.960 0746  0.883  0.068
Constraint 0.105  0.905 0.086 0.143
Betweenness 0.960 0.086 0.071  0.090  0.695
Closeness 0.104 0.746 ) 0.071 0.199
InfoCent. 0.106  0.883 0.090 0.000 0.114
LNE 0.873 0717 0401  0.068 0.143 0.695 0199  0.114

The lack of significant correlations between power centrality, LNE, and traditional
centrality metrics like degree, betweenness, and closeness, indicates unique structural and power
dynamics within the network. Nodes with high power centrality may wield influence not through
numerous connections but through strategically important ones, highlighting a network where
control is exerted via pivotal yet potentially limited links. This suggests a complex influence
landscape where some nodes command resources or information flow through subtle, perhaps less

visible connections.
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For LNE, its independence from other centrality measures suggests that local efficiencies are
not tied to a node’s global network position. This means sub-networks can be efficient even
without direct ties to central nodes, enhancing resilience by ensuring parts of the network remain
functional independently. This feature indicates a robust network design, potentially
decentralized, where different nodes or clusters maintain functionality autonomously, bolstering

the network’s resilience against disruptions.

4.4.1.2 Uganda’s OFI network: Connectors & Influencers

This analysis identifies key actors in Uganda's OFI network, highlighting those with significant
connectivity and network integration. By evaluating eigenvector centrality, degree centrality, and
effective size, the study distinguishes the primary connectors and influencers within the network.
These metrics provide insights into which nodes are integral for information access and resource

mobilization.

The study reveals a power-law degree distribution in the network, marked by a few highly
connected nodes against a backdrop of many with few connections, as evidenced by extreme right
skewness (729.5) and high kurtosis (21.9). This indicates a concentration of connectivity within
certain influential nodes, particularly among development partners, development banks, and
government agencies, which have the highest average degree values — 11.36, 8.00, and 7.65
respectively. Notably, government agencies are the principal connectors, accounting for 20.9% of
the network’'s connections. International aid players, including development partners and
development banks, collectively hold a substantial 20% share of connections, underscoring their

significant role alongside government agencies in shaping the network’s structure and dynamics.
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This concentrated connectivity among a few nodes highlights the central role these actors play in

maintaining network functionality and influence.

Figure 14 shows the results of a centrality analysis of the different stakeholder groups. The
study finds that the three centrality measures are strongly correlated, suggesting they are closely
aligned in evaluating nodes' positions within the network. Development partners, development
banks, and government agencies emerge as key connectors and influencers, with the highest
eigenvector centrality scores demonstrating their central roles in the network. Conversely, private
equity players and foreign donor governments exhibit much lower centrality scores, indicating
their peripheral influence and fewer direct connections within the network. This pattern highlights

a clear hierarchy of influence and connectivity among different actors in the network.

Access Power Measures
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Figure 14: Access power centrality measures
4.4.1.3 Beyond Connections: Power Players & Network Gatekeepers
This section zeroes in on actors who exercise influence through more subtle mechanisms. It

examines the metrics of betweenness centrality, constraint’®, and power centrality to identify key

13 Constraint values in Figure 4 have been normalized
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power players and gatekeepers within Uganda’s OFI network. These measures help identify those
who control critical junctures for information and resource flow, revealing the intricate dynamics

of power distribution across the network. Figure 15 shows the trend for the three measures.

Figure 15 illustrates that development banks, foreign governments, and minigrid developers
are the primary power players within the network, occupying the most strategic positions with
power centrality scores of 0.68, 0.50, and 0.49, respectively. This means they're not only well-
connected but also connected to other influential nodes within the network. Interestingly,
development partners and government agencies, despite their high centrality in Figure 14, have a
lower power centrality (0.46 and 0.49 respectively) in Figure 15. This suggests a curious situation.
While they are well-connected (high centrality), their connections might not be to the most
influential players within the network. This raises questions about the nature of their influence and
their potential for driving change. Further, Figure 15 highlights the trend for betweenness
centrality in the network. With the highest betweenness centrality scores, government agencies
(0.13), development partners (0.09), and research institutions (0.06) emerge as key network

gatekeepers, acting as essential intermediaries facilitating information flow across the network.
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Brokerage Power Measures
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Figure 15: Brokereage power measures
4.4.1.4 Shaping Information Flow: Information Hubs & Sub-Network Efficiency

This assessment utilizes three key metrics: closeness centrality, information centrality, and
local efficiency. Figure 16 shows the results of a centrality analysis of key resource diffusion

metrics for different stakeholder groups.

Diffusion Power Measures
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Figure 16: Diffusion power centrality measures

In Figure 16, Development Partners (0.604) serve as principal information hubs within the

network, playing pivotal roles in disseminating information. They are followed closely by
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Minigrid Projects and Government Agencies, which also demonstrate high information centrality
scores (approximately 0.59). In contrast, Private Equity Players and Impact Investors display the
lowest scores (around 0.20-0.30), suggesting less strategic positioning for optimal information
flow. Additionally, Minigrid Projects, Energy Access Projects, and Development Partners exhibit
the highest LNE scores (around 0.35-0.37), indicating the effectiveness and connectedness of their
local subnetworks. This connectivity enables efficient information exchange and collaboration
within their local sub-groups. Conversely, Impact Investors, Development Banks, and
Government Agencies have the lowest LNE scores (approximately 0.04-0.14), pointing to

potential inefficiencies in information flow within their immediate clusters.

4.4.2 Quantifying Influence: Access, Brokerage, and Diffusion
Table 12 displays the Principal Component Coefficients (Loadings) for each metric across
the principal components (PCs) for the different dimensions of access, brokerage and diffusion

and details the percentage of variance each component explains.

Table 12: PCA loading contributions

Dimension Variable PC1 PC2 PC3
Degree Centrality 0.2198 0.2083 0.9531
Eigenvector Centrality 0.7353 -0.6774 -0.0215
Access power
Effective Size 0.6411 0.7055 -0.302
% of Variance Explained 94.98% 4.93% 0.09%
Power Centrality 0.065 0.929 0.364
Inverse Constraint 0.851 0.139 -0.51
Brokerage
Betweenness Centrality 0.521 -0.34 0.782
% of Variance Explained 78.33% 13.60% 8.07%
Closeness 0.0010 -0.0007 1.0000
InformationCentrality 0.8575 -0.5145 -0.0012
Diffusion
LocalNetworkEfficiency 0.5145 0.8575 0.0001
% of Variance Explained 64.24% 35.76% 00.00%
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Brokerage Score 0.55698 0.28648 0.77956

Access Score 0.67989 -0.3818 -0.62608
Overall Influence

Diffusion Score 0.477 0.87872  -0.01788

% of Variance Explained 77.83% 17.83% 4.34%

4.4.2.1 Access Power Influence Score

PC1 for the access power dimension in Table 12, which emphasizes Eigenvector Centrality
(0.7353) and Effective Size (0.6411), captures 94.98% of the variance, indicating its dominant role
in reflecting the nodes' capabilities to access and influence the network. In contrast, PC2 and PC3
contribute minimally, explaining only 4.93% and 0.09% of the variance, respectively. This
analysis shows that influential connections and non-redundant connections (captured by
Eigenvector and Effective Size) are more crucial for node influence than merely numerous
connections (Degree Centrality). Utilizing PC1 for deriving the Access Power influence score thus
offers a robust measure of nodes' networking effectiveness within the system. Access Power Score

is modelled as,

AP pre = 0.2198 * Cp (i) + 0.7353 * Cx (i) + 0.6411 * Cps(i)

Where Cj, (i) is degree centrality of node i, C¢ (i) is eigenvector centrality of node i, and Cg(i)

is the effective network size for node i.

The study finds that development partners, development banks, and government agencies, with
the highest Access power influence scores of 0.27, 0.21, and 0.18 respectively, are central to the
network. Their high centrality metrics—degree, eigenvector, and effective size—position them as
crucial nodes facilitating substantial interaction and resource flow, thus influencing the network's
dynamics significantly. Conversely, entities like private equity players, commercial

banks/microfinance institutions, and NGOs have the lowest Access power scores (0.02, 0.06, and
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0.06, respectively), indicating their peripheral roles within the network, which impacts their

efficiency and capability to distribute resources effectively.

4.4.2.2 Brokerage Power Influence Score

The PCA analysis of Uganda's OFI network brokerage power metrics—power centrality,
inverse-constraint, and betweenness centrality—shows weak correlations among these metrics,
suggesting they each provide unigue insights into the network's structure. PC1 for the brokerage
power dimension in Table 12, explaining 78.33% of the variance, is heavily influenced by inverse-
constraint, indicating it as a key factor in understanding brokerage dynamics. Power centrality and
betweenness centrality, which contribute to PC2 and PC3, weighted at 13.60% and 8.07%
respectively, also offer critical but more nuanced insights into the network's brokerage roles,
collectively informing a composite Brokerage Power score. This metric combines influences from
all three components, weighted according to their explanatory significance and individual
contributions, thereby capturing a comprehensive view of nodes' brokerage abilities within the

network. Brokerage Power score is modelled as,
BPycore = 0.206 x Cp (i) + 0.645 (1/Cco(i)) +0.424 = Cp (i)

Where Cg (i) is betweenness centrality of node i, Cp (i) is power centrality of node i, and Cg (i) is

constraint of node i.

Development banks, government agencies, development partners, and research institutions
emerge as the most influential in brokerage roles, primarily due to their high scores in inverse
constraint and betweenness centrality. These components are heavily weighted in the Brokerage

Power Score calculation, reflecting their critical roles in determining brokerage power.
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Government agencies and development partners, in particular, exhibit high betweenness and
inverse constraint scores, aligning with their significant network influence. Power centrality also
contributes to the brokerage score, but its impact is less significant given its lower weight in the
scoring equation. This alignment of high centrality scores with the weighted components
underlines the strategic importance of these nodes in facilitating resource and information flow

across the network.

4.4.2.3 Diffusion Power Influence Score

The PCA correlation matrix reveals a strong link between closeness and information centrality
within the network, indicating that nodes central to network connectivity also significantly
influence information flow. However, LNE displays weak correlations with both closeness and
information centrality, suggesting it operates independently of a node’s central position or
informational influence. This indicates a complex network dynamic where different nodes or
clusters may have specialized roles—some optimizing for information transmission, others for
network cohesion, and yet others for local resilience. The varying degrees of correlation among
these variables suggest that the network's variance is spread across multiple principal components,

highlighting the multifaceted interactions and diverse functions within the network.

The PCA results indicate that the primary component (PC1 for the diffusion dimension in
Table 12), accounting for 64.244% of the variance, significantly captures the roles of Information
Centrality and LNE within diffusion in the network, with minimal input from Closeness. This
suggests that the main variations in the network are driven by how nodes handle information and
manage local connections. PC2, explaining 35.756% of the variance, highlights the contrasting

roles between LNE and Information Centrality, indicating a nuanced interplay between these
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metrics in the network’s structure. PC3, focused almost solely on Closeness and contributing
negligibly to variance, underscores that while Closeness is a clear characteristic, it does not
influence node differentiation in this context. Collectively, these components suggest a complex
network dynamic where the key differentiators are the effectiveness of information dissemination
and local operational efficiency, rather than mere proximity or closeness among nodes. Diffusion

Power Score is modelled as, DP;.,re = 0.6424 % 0.8575 * C;(i) + 0.3576 * 0.8575 * E;,. (i)

Where C;(i) is the information centrality of node i, and E;,. (i) is the local efficiency of node i.

It aggregates information centrality and LNE to measure each node's capacity for spreading
resources and information. Minigrid projects, with the highest scores, are notable for their top
closeness centrality and LNE (see Figure 16), facilitating effective resource and information flow
within their local contexts. Their substantial information centrality further enhances their role as
central information conduits across the network. Development partners also show strong diffusion
capabilities, driven by high information centrality and good LNE, reflecting their key role in
funding and influencing network activities. Similarly, energy access projects stand out with high
LNE and significant diffusion scores, underscoring their effectiveness in project implementation

and resource distribution within the network.

4.4.2.4 Concentration of Network Influence

In examining the overall structure of Uganda's OFI network, it is critical to consider the varied
roles and impacts of different stakeholders as indicated by their performance across three key
metrics: Access Power Score, Brokerage Power Score, and Diffusion Power Score. These metrics

collectively provide a comprehensive picture of how effectively resources, information, and
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influence are potentially managed and propagated within the network. Figure 17 shows a star burst

comparison of power scores for the different stakeholder groups.

The maximum scores recorded for access, brokerage, and diffusion are 0.27, 0.32, and 0.44
respectively, indicating a predominant concentration of lower scores across the network, as
detailed in Figure 17. This distribution is characterized by a pronounced right skew, with
individual nodes scoring as high as 1.45 for access and 1.19 for brokerage, far surpassing average
group scores. The significant range in scores, particularly for access (1.4354) and brokerage
(1.0953), highlights the variability in network roles, with a few nodes displaying exceptional
capabilities. Skewness values for access (4.1551) and brokerage (3.1105) further emphasize the
concentration of lower scores across most nodes but with a few outliers possessing high values.
This pattern, supported by very high kurtosis values for access (23.1677) and brokerage (13.3251),
indicates a network where a small number of nodes hold disproportionate influence and power,
centralizing critical network functions within these few actors. This creates vulnerabilities where
the network’s resilience may be compromised if these critical nodes fail. In contrast, diffusion
scores paint a somewhat different picture, with a mild negative skewness (-0.4469) suggesting a
slightly left-skewed but more balanced distribution, though still with room for improvement. These
patterns underline the need for strategic network restructuring or policy interventions aimed at
enhancing connectivity and reducing the reliance on a few dominant nodes, thereby promoting a

more resilient and equitable network structure.

4-110



4 Linking Structure of Governance Networks to Performance

Relative Average Power Scores Per Group
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Figure 17: Power scores & relative stakeholder ranking
4.4.2.5 Network Outliers

The PCA analysis on derived influence scores for access, brokerage, and diffusion,
summarized in Table 12, underscores the interconnectedness of these network roles. Strong
correlations between access and brokerage (0.86872) indicate that nodes central in resource access
also play key roles in connecting different network segments. However, only moderate correlations
with diffusion (about 0.54) suggest that while these nodes are strategically placed, they may face
inefficiencies or structural barriers that prevent them from fully maximizing resource
dissemination across the network. This points to a potential area for improvement, where
enhancing the capability of these nodes to distribute resources could significantly increase network

efficiency.

From Table 12, PC1 capturing 77.83% of the variance, integrates access, brokerage, and
diffusion capabilities with the highest influence on access, indicating nodes with a balanced mix
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of these capabilities are the most influential. PC2, with strong influence on Diffusion and a
negative impact on Access, suggests that some nodes specialize more in spreading resources than

in accessing them, illustrating the network's diverse functional roles.
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Figure 18: PC score plot of overall network influence

Figure 18 displays the distribution of nodes on the first two principal components, PC1 and
PC2, showcasing notable nodes based on their distinct scores. The figure also points out outliers,
significant for their extraordinary influence or unique network roles, which can inform structural
insights and guide strategic enhancements within the network. The analysis identifies several key
players (GIZ, DfID, Ministry of Energy (MEMD), KfW, World Bank) as influential based on their
high PC1 scores (>1), indicating their central role and exceptional access to information within the
network. Despite their strong network positions, these nodes exhibit limited effectiveness in
information diffusion, as reflected in their low PC2 scores. Specifically, DfID, GIZ, and MEMD
show negative PC2 scores, suggesting below-average capabilities in disseminating information,
despite their positive influence and connectivity. MEMD's scenario is particularly notable, with a

high PC1 score illustrating its significant access to vital network resources, yet a highly negative
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PC2 score indicating a deficiency in information sharing. This might stem from an inward focus
on information processing and policy formation, or possible communication barriers that prevent
effective outward dissemination. These limitations can impede MEMD's ability to effectively
influence OFI initiatives. To enhance its role in the network, MEMD could develop targeted
communication strategies and strengthen collaborations with other network entities to improve
information flow and jointly advance sector initiatives. This approach would leverage MEMD's
central position to not only gather but also effectively distribute essential information, thus

enhancing the overall network dynamics.

4.4.3 Network Robustness & Resilience

The study explores the robustness and resilience of Uganda's OFI network using metrics like
degree distribution, network density, and average path length. It identifies a power-law degree
distribution, with significant right skewness value of 729.5 indicating a highly asymmetric
distribution that is heavily weighted towards nodes with exceptionally high degrees. This case of
a few highly connected nodes amidst many with lower degrees, makes the network resilient to
random failures but vulnerable to targeted attacks (Estrada, 2006). The presence of the few highly
connected nodes indicates critical points of vulnerability in the network, as their removal could
significantly disrupt connectivity. That a large majority of nodes possesses relatively lower
degrees offers a degree of redundancy and alternative pathways, enhancing the network’s resilience

against random failures or disruptions.

A normalized network density of 0.015 points to low connectivity, potentially limiting resource
flow and reducing redundancy (Hua et al., 2022; Yi, 2017) and undermining the system's

robustness (Carlsson and Sandstrom, 2008; Sandstrom and Carlsson, 2008). However, within an
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energy network, this could suggest a strategic decentralization that distributes control and

enhances system robustness (Dekker and Colbert; Mookherjee, 2006; Yamaguchi, 1996).

An average path length of 3.272 suggests moderate efficiency in information and resource
transmission, balancing between centralization and decentralization to safeguard against the severe
impacts of single-node failures while potentially slowing down rapid network responses (Dekker
and Colbert; Pan and Saramaki, 2011). Further, an average normalized node constraint of 0.502,
points to a balanced structure where nodes maintain a mix of dependency and autonomy, avoiding
extremes of centralization or fragmentation. This balance supports network resilience by
mitigating the risks associated with failures of central nodes and enhances robustness through
diverse interconnections that provide multiple pathways for communication and resource flow.
Such a setup ensures that the network can remain operational despite disruptions, with sufficient

flexibility in connections to adapt and recover without excessive reliance on any single node.

The results highlight a balanced network structure characterized by low density, moderate
average path length, and moderate node constraint. This balance indicates strategic planning to
maintain efficiency while ensuring resilience against disruptions. The low density suggests limited
connectivity, reducing the risk of widespread impacts from disruptions but potentially hindering
quick information and resource flow. The moderate path length facilitates sufficient
communication efficiency without overly tight connections, and the average constraint level
indicates a healthy balance of node interdependence and independence, safeguarding the network
against the failure of individual nodes. To further enhance the network's robustness and
responsiveness, strategies could include bolstering node connections and creating more direct links

to improve operational efficiency and responsiveness.
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4.4.4 Node-Level Performance of Uganda’s OFI Network

The study explores how well-positioned key stakeholders are in terms of access, brokerage,
and diffusion shedding light on the current effectiveness of the network highlighting strengths and
pinpointing strategic opportunities for enhancing connectivity, resource allocation, and overall
network resilience. Figure 17 identifies key stakeholder groups — Development Partners,
Development Banks, and Government Agencies — as pivotal in both stabilizing and advancing
Uganda’s OFI network. As deduced from the analysis in sections 4.4.1 and 4.4.2, development
partners in Uganda's OFI network seem to occupy a strategic and influential position having the
best access, high diffusion, and good brokerage influence. By leveraging their strengths and
strategic network position, they can act as knowledge brokers, collaboration catalysts, information
hubs, and advocates for positive change. Development banks are revealed as strategic players with
a unique network position having good network access, best in brokerage influence and good
diffusion in the network. They have the potential to significantly impact Uganda's OFI network by
acting as brokers, knowledge hubs, and facilitators of innovation. Their ability to connect different
actors and information flows can be instrumental in driving progress. Government agencies are
found to be central players within the Ugandan OFI network having good access and diffusion and
good brokerage influence in the network. By effectively disseminating information, promoting
supportive policies, and fostering collaboration, they can play a crucial role in achieving Uganda's

OFI goals.

These potential associations draw upon insights from SNA literature which has established key
associations with network closure, where densely connected groups often form information hubs

(Ehrlichman, 2021; Reagans and McEvily, 2008). These tightly-knit networks and their linkages
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with other subnetworks play a critical role in driving diffusion and establishing resource
(information, innovations, and ideas) and contagion spreaders (Centola, 2015; Cheng, 2021; Geier
et al., 2019; Rose, 2005). Moreover, SNA research underscores the importance of brokerage in
innovation (Ehrlichman, 2021; Fleming et al., 2007; Reagans and McEvily, 2008; Tortoriello et
al., 2015). By linking disconnected groups, brokers enhance the exchange of diverse knowledge

and ideas, which can spur innovative collaborations and solutions.

On the flip side, Figure 17 identifies Impact Investors, Private Equity players and NGOs/CSQOs
as stakeholders with significant untapped potential within Uganda's OFI network, which, with
targeted support and strategic development, could play transformative roles in enhancing the
network'’s overall effectiveness and reach. Currently, these groups show comparatively low access
and brokerage abilities and varying levels of diffusion effectiveness, indicating a peripheral
network position with implications for the network efficiency and resource distribution.
Specifically, Impact Investors are not fully integrated, limiting their ability to leverage their
funding capabilities efficiently due to weak connections and restricted information flow.
Conversely, Private Equity players, although capable of effective information dissemination
within their circles, face challenges in accessing critical OFI information and in connecting with
key network stakeholders, which inhibits their potential as network bridges. NGOs, in particular,
may struggle to influence policy and the network’s strategic direction due to their lower centrality.
The conclusions are supported in SNA literature that suggests that actors outside of central network
positions tend to have limited access to resources, and are hindered pertaining to their network
reach, influence or information access (Gulati, 1999; Huggins and Johnston, 2010; Koka and
Prescott, 2008).
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4.5 Conclusion & Policy Implications

This research has methodically analyzed the structure of Uganda's OFI network and using
SNA, revealing complex connectivity and power dynamics applicable to any off-grid policy
network. The findings demonstrate that access power is more effectively gained through influential
and non-redundant connections rather than sheer quantity. Brokerage power significantly depends
on the interconnections among a node's neighbors, while resource diffusion is influenced, not by
closeness, but by the node's strategic position on critical communication pathways. The findings
also reveal a low network density and a skewed power distribution, indicating a need for strategies

to improve connectivity and achieve a more equitable resource and influence distribution.

4.5.1 Policy Insights & Recommendations
4.5.1.1 Catalysts in Uganda’s OFI Network

Development banks and development partners, with their strong connectivity and strategic
placement, act as vital catalysts within the network. Equipped with high access and brokerage
capabilities, they mobilize critical resources—financial, technological, and intellectual—that
support substantial development projects. Their effective diffusion of resources ensures extensive
distribution of benefits, enhancing equity across the network. Similarly, government agencies,
demonstrate robust access, diffusion, and brokerage capabilities critical in effective resource
mobilization and distribution across the network. This central role enhances the adoption of
policies and support for diverse projects, while their ability to connect various stakeholders fosters

collaboration and ensures alignment within the network.
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4.5.1.2 Untapped Potential in Uganda's OFI Network

Section 4.4.4 highlights the peripheral positioning of Impact Investors, Private Equity players,
and NGOs/CSOs in Uganda's OFI network, noting their low Access Power scores which limit their
connectivity and access to critical resources. This positioning hinders their effectiveness in project
implementation and crisis response. To enhance their network roles, strategic initiatives are
necessary to improve their integration and connectivity. For NGOs, better network positioning
could significantly boost their resource access and community service impact. Collaborations with
well-connected entities like Development Banks or Partners could broaden the network reach of
all three and improve information access. Impact Investors and Private Equity players could
benefit from government-led matchmaking programs or specialized workshops to deepen their
network integration, enabling them to leverage network resources more effectively and contribute
more significantly to the network’s goals. These measures would not only bolster the effectiveness

of the OFI network but also maximize the contributions of these critical yet underutilized groups.

4.5.1.3 Network dominance of international development partners

The high centrality of development banks and partners, in section 4.4.4, as key international
players in Uganda's OFI sector significantly enhances network stability and sustainability due to
their superior levels of access, brokerage and resource diffusion within the network. The same
characteristics may foster a reliance on these external entities possibly weakening local capabilities
and ownership by concentrating decision-making and resource allocation with foreign
organizations. Such a dynamic risks fragmenting the sector, as the varied priorities and strategies
of these international actors may clash, leading to disjointed efforts and inefficiencies. Moreover,

the substantial influence these partners wield over policy directions could overshadow local needs
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and restrict the participation of local stakeholders, making it challenging for domestic actors to
assert their interests and contribute effectively to the sector's development. Furthermore, should
these international players withdraw or shift their strategies, the network could face significant
instability and disruption, highlighting the need for building stronger local systems and reducing

dependency on external influences.

4.5.1.4 Global Network Design & Policy Strategy Implications

Two key findings—the correlation data from Table 11 and the distinct relationship between
access power and brokerage power shown in Figure 17, compared to their weak correlation with
diffusion power— highlight complex dynamics across broader networks. These findings indicate
that nodes with high eigenvector and betweenness centrality, essential for accessing and brokering
resources effectively, are critical leverage points for enhancing the performance of any network.
By boosting the capacity of these select nodes—through increased resources, enhanced decision-
making authority, or improved operational capabilities—the overall functionality of the network
can be significantly enhanced. Furthermore, in a bid to boost resource diffusion, increasing
connections to nodes with high local efficiency but lower overall centrality can improve the
network's resilience and effectiveness in spreading resources. This strategy ensures that even nodes
on the periphery significantly bolster the network's robustness, leading to a more cohesive and

durable network structure.

The case study reveals global policy implications useful for similar initiatives worldwide. To
counteract the dominance of foreign interests in energy networks, network policies should
prioritize strengthening local capacity—enhancing the connectivity of local nodes, increasing their

direct links to essential network hubs, and fostering partnerships with key stakeholders. This could
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involve creating more partnership opportunities with key players or improving the infrastructure

that supports communications and data exchange.

Moreover, harnessing the untapped brokerage potential of research institutions by fostering
strategic partnerships among universities, private sector, and government entities at both local and
international levels can catalyze innovation and cross-sector collaboration, ultimately boosting
network efficiency and sustainability. Additionally, leveraging technology e.g. digital engagement
platforms that involve all stakeholders in policymaking to transform previously marginal actors
into central figures by facilitating seamless and cost-effective connections and engagements within

the network.

4.5.2 Study Limitations & Future Research

This study provides significant insights into network structures and dynamics, but it's
important to note that correlation does not equate to causation and general insights in existing
literature may not fully apply to the unique aspects of Uganda's OFI network, as specific local
challenges and opportunities can differ significantly from those studied globally. Future research
should include actual performance data and longitudinal analyses to deepen understanding of the

causal relationships within network configurations.
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Abstract

This research explores the design and implementation of a groundbreaking smart meter for energy demand-
side management (DSM) in Silale, a rural community in Tanzania, addressing challenges posed by the
limited capacity and unregulated consumption off the local minigrid system. The research focuses on the
meter's innovative design and its successful rollout within the community, highlighting the novelty of
behavioral interventions in DSM strategies. The system adopts a tiered strategy, starting with gentle nudges
using visual color and acoustic cues and progressing to harder choice architecture culminating in automatic
power disconnection. The implementation of this system resulted in a 47.4% reduction in peak energy
demand, alongside a significant change in power consumption patterns among Silale residents. These
findings underscore the efficacy of nuanced behavioral nudges in combination with goal setting in

achieving significant and enduring changes in energy use behaviors.

Keywords—Demand-Side Management, Behavioral Economics, Choice Architecture,

Nudging, Traffic Light System
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5.1 Introduction

Traditional DSM in developed countries is predominantly centred on conserving energy and
cost reduction, emphasizing energy efficiency and minimizing waste. Conversely, in Sub-Saharan
Africa, the DSM context begins with the challenge of scarce energy resources, often insufficient
to meet the region's energy needs. Consequently, the focus shifts from energy conservation to
maximizing the utility of the available limited energy supply - stretching the limited capacity to
fulfil the essential energy requirements of the population. In Silale, a rural community in Tanzania,
this challenge is acutely felt. The community's minigrid, the main source of power, grapples with
the critical issue of unreliable electricity supply. This unreliability stems from a confluence of
factors, most notably the constrained capacity of the minigrid, which is frequently overwhelmed
by the available demand. Compounding these issues were unregulated consumption patterns
during the day, constraining sufficient charging of the batteries, placing a strain on the limited
battery reserves, and resulting in insufficient capacity to support even the most basic lighting
services in the evening when they were most needed. As a result, residents often faced power
black-outs during evening hours. This situation not only disrupted daily life but also undermined
the community’s confidence and willingness to invest further in the mini-grid system.

This study seeks to explore how behavioral interventions, framed within the concept of
choice architecture, can positively influence energy consumption patterns. By implementing
'nudges’, subtle changes in the way choices are presented, we aim to shift consumption behaviors
in a way that aligns with the mini-grid’s capacity, thereby enhancing the reliability of power
supply. This approach represents a novel fusion of behavioral economics and DSM, a strategy for

managing electricity demand by incentivizing customers to modify their energy consumption.
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5.2 Theoretical Framework

5.2.1 QOverview of Behavioral Economics in DSM

Behavioral economics explores the effects of psychological, cognitive, emotional, cultural,
and social factors on the economic decisions of individuals and institutions (Reisch and Zhao,
2017). It challenges the notion of humans being purely rational actors, introducing concepts like
bounded rationality and systematic biases. In the realm of energy, behavioral economics helps
explain why consumers often make decisions that appear irrational, such as not investing in
energy-saving measures despite apparent long-term financial benefits. Understanding these
nuances is crucial for designing effective energy policies and interventions.

Typical energy consumption decisions are influenced by factors beyond cost and utility.
Common mental shortcuts and biases, habitual behaviors, misconceptions about energy use, and
the influence of immediate conveniences play a significant role in energy-related decisions
(Ekholm et al., 2010). Energy behavior is also shaped by social norms and the actions of peers.
Visibility of energy-saving behaviors in a community can set new standards, prompting others to
follow (Gotgbiowska et al., 2021). The behaviors underscore the importance of behavioral
economics in influencing consumer choices and energy consumption patterns.

Choice architecture, a concept rooted in behavioral economics, plays a pivotal role in DSM.
The concept focuses on shaping or organizing the context in which people make decisions (Thaler
etal., 2013). It is about framing choices for consumers in a manner that guides their decisions and
actions, without removing options or drastically changing incentives (Thaler and Sunstein, 2008).
By strategically organizing how choices are laid out, it aims to subtly steer consumer behavior. In
the context of DSM, this means creating a setting or presenting options in a way that nudges
consumers toward more energy-efficient behaviors. Examples of this include redesigned energy
bills that highlight energy-saving opportunities, or rewards for reduced consumption. This
behavioral economics concept plays a crucial role in shaping DSM strategies driving energy usage
patterns (EIA, 2014; Good, 2019). Many DSM strategies focus on promoting energy efficiency
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through consumer education and awareness campaigns often leveraging behavioral insights to
encourage the adoption of energy-saving habits and technologies (Khan, 2019). Others rely on
regular feedback to consumers about their energy usage, coupled with social comparison tools that
show their consumption relative to neighbors (Got¢biowska et al., 2021). Others still, rely on
economic incentives to influence behavior. In this category, dynamic pricing models .e.g. time-of-
use pricing is used to incentivize consumers to shift their energy usage to off-peak times (Pollitt
and Shaorshadze, 2011). Also in this category are gamification and reward systems for energy
saving behaviors utilizing positive reinforcement and the desire for achievement and recognition

(Gnauk et al., 2012).

5.2.2 Traffic Light System as a Behavioral Intervention

In this study, we employ choice architecture as a foundational strategy and the traffic light
system (TLS), central to our study, exemplifies this approach. It is designed to provide clear, color
coded visual cues that advise and guide residents towards more efficient energy choices. Studies
in behavioral science show that humans have a strong response to visual stimuli (Morris et al.,
1997). The distinct colors of the TLS serve as clear, immediate visual cues that can effectively
attract attention and trigger behavioral responses without the need for complex interpretation. The
choice of red, yellow, and green colors in the TLS is grounded in color psychology (Kubo et al.,
2021). Red typically signifies danger or caution, prompting users to reduce consumption; yellow
indicates a need for caution, and green denotes safety or optimal conditions. This color coding
aligns with universal traffic signal interpretations, making it intuitive and easily understood by
consumers. Furthermore, the system is designed to be salient, meaning it stands out and captures
attention. The red signal is accompanied by a beeping sound to capture the consumer's attention.
The integration of both visual and audio signals for the red alert, designed as a call to action, serves
to engage both visual and auditory senses, maximizing the likelihood of signal recognition and
response. The dual-sensory approach is particularly advantageous in scenarios where consumers
might be preoccupied, lack direct line of sight to the smart meter, or face visual impairments.
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Salient cues are more likely to be noticed and acted upon (Ibid), making the TLS an effective tool

for influencing energy consumption behavior.

5.3 Methodology
5.3.1 Study Setting

This study was conducted at Silale community microgrid which is located at -5.8217,
36.5526, Kongwa district in Tanzania. It comprises a rural, low-income population, that is
predominantly subsistence farmers. Silale’s minigrid, originally rated at 15 kWp, has experienced
significant performance degradation since inception in 2015. This decline can be attributed to the
damage of over 25% of its solar panels and the deterioration of its battery system, a consequence
of inadequate cooling and maintenance, among others. As a result, the current average peak PV
generation has been reduced to as low as 4kW.

The smart meter TLS was implemented across all 60 households connected to the Silale
community mini-grid. The traffic light functionality was designed as part of smart meter
infrastructure, allowing for an efficient and cost-effective deployment. The smart meter roll-out
was endorsed by the minigrid village committee making it a standard component of all connected
households. Because of this, consumers were not given the chance to opt in or opt out of the
implementation. A usage breakdown of energy-consuming appliances across households indicated
57% have radios, 37% own TVs, 9% use refrigerators, and 2% possess laptops. Additionally, there
is an average of 3 lights and 3 mobile phones per household.

The community was trained prior to the installation of the smart meters at the households. 46
out of 60 households were represented by at least 1 member in this training. The training included
interactive sessions that explained how the system works, the significance of the color-coded
signals, and the implications of the automatic disconnection feature as well as the associated delays
prior to- and after disconnection. Special emphasis was placed on demonstrating the benefits of
regulated energy consumption, both for individual households and the community's overall grid

stability. Additionally, the training provided a platform for community members to share their
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perceptions and concerns with the technology, ask questions and receive clarifications. Local

leaders and influencers were also involved, enhancing the training's reach and effectiveness.

5.3.2 Study Aims

The primary aim of this study was to investigate the effectiveness of the TLS, as a behavioral
intervention tool for managing energy consumption in the rural community of Silale, Tanzania.
The study focuses on assessing how this innovative approach, rooted in the principles of choice
architecture and nudging theory, can influence and potentially transform consumer energy usage
patterns in a setting where mini-grid capacity is limited and consumption patterns are traditionally
unregulated. Specifically, we test the hypothesis: The introduction of the TLS system will alter

energy consumption patterns in Silale.

5.3.3 Design of Smart Meter Traffic Light System

The system is designed to facilitate three key benefits in behavioral intervention science:
(1) Immediate feedback, (2) cognitive ease, and (3) consumer conditioning. It provides instant
feedback on energy usage. Immediate feedback is a powerful motivator in behavior change, as it
creates a direct link between action (energy usage) and response (color change), enhancing the
learning process (Froehlich). In addition, the simplicity of the TLS plays into the concept of
cognitive ease, where simpler and more familiar formats lead to quicker and more confident
decision-making. By reducing the cognitive load, the system makes it easier for consumers to
process information and make energy-related decisions (Novemsky et al., 2007). Importantly, the
system incorporates elements of consumer conditioning, a learning process where behaviors are
influenced by the consequences that follow (Stuart et al., 1987). The positive reinforcement (green
light) and negative reinforcement (red light) aspects of the system are designed to encourage or

discourage certain energy consumption behaviors.
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Figure 19: TLS architecture'® (Mwammenywa et al.)

Figure 20: Installed TLS. © Josephine Kakande

Figure 19 and Figure 20 illustrate the TLS implemented in this study. At its core is the

Traffic-Light Calibration Algorithm (TCA) located on the host server. This algorithm processes

inputs from the photovoltaic (PV) generation system and the battery storage system, alongside the

energy usage data from the smart meters at individual households. By analyzing this

comprehensive dataset, the TCA, powered by an intelligent algorithm, establishes optimal

16 The link to Weather data highlights an aspect of the system design that is yet to be operational - a weather-based power generation

prediction module.

5-128



5 Institutional Market Design in Energy Constrained Settings

consumption thresholds for each household. It achieves this by comparing the real-time energy
consumption data from the smart meters with the current energy availability as calculated from the
storage and generation systems while ensuring battery reserves are maintained. Based on this
analysis, the algorithm issues a calculated load limit signal. This signal is then wirelessly
transmitted to the smart meters across the communication network (Mwammenywa et al.). A

simplified mathematical model of the TCA is summarized below.

P _ Pgen+max((Pstor'Preserve)’O) ingen>0 (1)
TOtal PSlOI” l_ngel’lZO
Protal (2)
Ljjmir= ];)[a

Where, P, denotes power currently being generated by solar panels; Py, the total power

available from storage (batteries); P,..rve the reserve capacity that we want to maintain in storage,
not to be used unless P,.,=0; Prqy, the total power available for distribution; N the number of
households; and L;;,,;; the power consumption limit per household. Equation 1 ensures that P,
is used only if P, is unable to meet demand and Pcger i Maintained. When P,.,=0 system relies
on storage power including the reserve if necessary. This model ensures that the microgrid utilizes
its generated and stored power intelligently, maintaining a reserve for emergencies or periods of
no generation, and dynamically adjusting the consumption limit per household to promote efficient
and sustainable energy use.

A smart meter at the household receives the load limit signal from the TCA, and compares
it with the instant load of the user. Thresholds for each color indicator are customized based on
the mini-grid's overall capacity and typical household consumption patterns. If the household load
value is greater that the limit, the smart meter indicates a red light warning of high energy use
exceeding the mini-grid's capacity. If load value ranges between 80%-100% of the limit, meter

shows a yellow light signalling moderate use approaching high consumption; and if load value
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falls below 80%, then the meter will light green indicating low energy use within optimal limits
(Hilleringmann et al; Mwammenywa et al.). The TLS employs a tiered approach to influence
consumer behavior. It starts with a nudge in form of green and yellow lights before escalating to
more forceful interventions. In the latter stage, the red light is accompanied by a beeping sound
and ultimately a tripping of the circuit breaker after a configurable time interval (15minutes). The
power is then only reinstated after another configurable duration (set to 30 minutes). This provides

a structured yet flexible framework for influencing behavior.

5.3.4 Data Collection & Analysis Methods

The system was setup to collect power usage data from each household’s smart meter and
transmit it to a central server in near real-time. In addition to monitoring energy usage, the study
conducted a survey among the connected households to gauge their reactions and attitudes towards
the newly installed TLS. We adopted a cross-sectional study design to analyze and compare energy
consumption data before and after the implementation of the TLS. The pre-implementation data
was drawn from power load consumption records in July 2023. Post-implementation data was
gathered over two distinct observation periods - August and September 2023. The three
observation months all fell within Silale's dry season, eliminating seasonal variations as a factor
in influencing the study's outcomes. Qualitative data on consumer reactions and attitudes to TLS
was collected 1month after TLS rollout from a convenience sample of 25 one-on-one semi-
structured interviews. The survey aimed to gather insights into consumers' views on the impact
and benefits of the smart meters installed in their homes and to understand how they were adjusting

to the restrictions imposed by the TLS.
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5.4 Study results and discussion

5.4.1 Impact on Energy Consumption Patterns in Silale

Figure 21 shows that the TLS achieved changes in energy consumption patterns over the 3
observation periods. It shows a load shift as well as load peak shaving post TLS implementation

pointing to a transformation in energy usage behavior among the consumers.
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Figure 21: Mean daily load profiles before and after implementation of TLS

Before the system implementation, peak energy demand was concentrated in a single spike
between 15:00 and 17:00 hours. Post-implementation, there was a noticeable shift to two
distributed peak periods - early morning (00:00 - 05:00 hours) and late evening (19:00 - 21:00
hours) indicating an adaptation in consumer habits in response to the TLS cues. Another key
finding was the reduction in peak demand values from approximately 2.85kW prior to
implementation to progressively lower values in the subsequent months following the
implementation; 2.25kW in 1st month of control (21.1% reduction) and further down to 1.45kW
in 2nd month of control (33.3% reduction month-on-month). The cumulative reduction in peak

demand over the 2 observation months came to 47.4%. Additionally, the consumption trends
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observed during these two months exhibited stable characteristics, suggesting that the behavioral
shift among consumers was likely not a temporary response but a more enduring adjustment in
their energy usage habits.

Research indicates that behavioral interventions aimed at reducing peak energy demand have
the potential to lead to reductions in overall consumer energy use ranging between 2% and 20%
in different contexts (Cornago, 2021; Pratt and Erickson, 2020). Interventions utilizing real-time
feedback have tended to yield the highest energy savings (Cornago, 2021). When combined with
goal setting, continuous individual feedbacks have proved to be even more effective (Lweka et al.,
2019). The design of the TLS integrates real-time feedback to consumers through visual and
acoustic cues alongside predefined consumption thresholds, which serve as benchmarks or
objectives for energy users. This combination achieved an even greater reduction in peak demand
of 47.4%.

Table 13 gives a summary of the Mann-Whitney U Test findings for month-on-month

comparisons of power consumption patterns between the 3 observation periods.

TABLE 13 RESULTS OF MANN-WHITNEY U TEST

Comparison U statistic P-Value
July & August 110.5 0.1645
August & September 202.5 0.0475

The findings suggest that while consumption behaviors prior to control are statistically
similar to those observed in the 1st month of control, there is a significant change between the 1st
and 2nd month of control. This could indicate that the TLS strategy took time to become effective
due to a more gradual adoption and adaptation by consumers or that its initial impact was not
strong enough on account of initial challenges in implementation effectiveness. The significant
difference observed between the two post-implementation periods suggests that the TLS strategy
can be effective in influencing consumption patterns, but its impact might not be immediate and

could require time, adjustments, and optimizations to achieve desired outcomes. Notably, the
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observed changes in consumption patterns, alongside the reduction in peak demand values, directly
tackle the issue of insufficient battery charging during daytime in Silale, which previously resulted
in insufficient capacity to support evening hours. This adjustment allows sufficient charging of the
batteries, and has effectively minimized the strain on system, especially during periods of
historically excessive energy use, ensuring the battery's availability during critical times when it
IS most needed.

The change in power consumption patterns across the three periods provides valuable
insights into the pace of consumer learning and behavior adaptation in Silale as a response to the
TLS restrictions. That consumption distributions for the two months following implementation
exhibit similar characteristics implies that the behavioral adjustments made during the first month
of enforcement have been solidified and carried into the second month. Barring any system
changes, the reduction in peak values between the two periods suggests that these behaviors are
now more deeply ingrained, leading to even more efficient energy use. Utilizing the Mann-
Whitney U test to assess night-time power usage (from 6:00 PM to 7:00 AM) across the 2 months
of control post-TLS implementation revealed a notable variance. With a U statistic of 64 and a p-
value of 0.001, the analysis indicated a significant reduction in power consumption during the 2nd
month compared to the 1st, highlighting a distinct shift in consumption patterns between the two
evaluation periods. If the reduction in power consumption observed in the 2nd month is a result of
behavioral adaptation by consumers, this suggests that the capacity of the battery reserved for
night-time use is larger than necessary given the newly adapted power demand levels. P, ¢ IS at
that point in time set too high relative to the actual reduced consumption patterns of the
community, indicating a potential for optimization based on these behavioral changes. A more
dynamic setting for P,...v that tracks against average power consumption levels in the night would
reduce this system inefficiency. By lowering the P,... Value based on the reduced night-time
consumption, more power could be made available during daytime hours, thereby increasing the
load limit per household. This adjustment would effectively relax consumption constraints during

daylight, allowing for a more flexible energy usage policy.
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5.4.2 Consumer Response to Implemented TLS

The introduction of the TLS yielded a complex and varied response from Silale’s community,
highlighting the challenges of implementing behavioral interventions in energy management. Out
of 25 respondents, 20 (80%) reported being inconvenienced by the TLS, 9 (36%) expressed a
perception of decreased reliability in the power supply following the TLS implementation. A
prevalent sentiment of frustration among this group is encapsulated in this statement: "Even when
power is on, we cannot use it as we wish. It is always red light. At least before, we could use what
we wanted for the short time it was available." Further, from the power consumption records off
the host server, a small section of the connected households (12 out of 60) was discovered to have
bypassed or illegally disconnected from the TLS.

Survey responses on adherence however, indicated a fairly high level of compliance to the
system'’s guidance by a big part of the community. Although all 25 (100%) respondents admitted
having experienced the red signal, 19 (76%) still rated themselves as strictly complying with the
guidance provided by the TLS. Notably, 17 (68%) indicated that they had never encountered an
automatic shutdown of their power supply, a consequence of not heeding the red signal. This high
percentage highlights either consumers’ dedication to keeping their energy usage within the
prescribed limits or their fear of the automatic switch off feature. Reflecting the evolution of
consumer behaviors over time, 18 respondents (72%) admitted that they now take longer to turn
off bigger power load(s) in response to a red-light signal than they did immediately following the
system's initial rollout indicating that their level of urgency has dropped with time. Additionally,
the survey did reveal a degree of negative sentiment towards the TLS among a minority of
respondents. 6 (24%) acknowledged they would remove the smart meters in their home if they had
that choice. Among the reasons for discomfort with the TLS, 3 (12%) raised fears linking the
blinking lights of the system to 5G network conspiracy theories, with extreme fears that the signals
could be harmful or even fatal. Additionally, 9 (36%) expressed fear that the blinking lights of the
TLS were consuming so much power and reducing the already limited capacity available for share
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among consumers. These perceptions added a layer of resistance to the system, as it was seen not
only as controlling but also as hazardous and a possible rival for already scarce resources.

The study benefitted from a generally high community acceptance of the TLS to achieve
significant impact on consumption behaviors in Silale. The endorsement of the influential village
leadership committee may have contributed to this, given the respect they wield in the community.
The survey's findings, albeit representing a small fraction of the community's feedback, signal
concerning issues for the sustainability and operational future of the TLS. That some consumers
went ahead to bypass the system points to a resistance to what was perceived as overly restrictive
control or a total loss of control over their choices, reflecting a gap between the intervention design
and consumer acceptance. On the flip side, the community’s level of trust in- and understanding
of the technology could have influenced this system response. Misunderstandings or lack of clarity
about how the system works could lead to mistrust and lower compliance. This situation
underscores the challenges in achieving widespread behavioral change through technological
interventions in community energy management. Furthermore, learning and adaptation outcomes
indicated a trend of compliance fatigue among consumers, with 72% showing a slower response
to the red-light signal over time. This suggests a diminished sense of urgency towards the signal
and a potential plateau in behavioral changes after an initial phase of rapid adaptation. The
observed growing delay in response might also reflect habituation, where continuous exposure to
the red-light signal results in weaker behavioral reactions.

The set duration of predefined waiting periods for power disconnection and restoration within
the TLS acts as a key mechanism for influencing consumer response and enhancing adherence to
DSM goals. Setting shorter periods between red light and disconnection allows for a quicker
response to fluctuating power availability, potentially enabling more dynamic and responsive
DSM. On the other hand, longer periods of disconnection should lead to greater inconvenience,
driving stronger consumer compliance. However, such could also lead to frustration among
consumers, possibly eroding support for the system. Selecting the optimal durations is a delicate

balance between the need for effective demand management and consumer satisfaction.
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5.4.3 Strength of the Traffic Light System as a DSM Strategy

The unique contribution of the TLS in Silale lies in its innovative integration of behavioral
economics principles with real-time energy monitoring technology that ensures both immediate
and durable impacts on energy consumption behaviors. In contrast to traditional DSM strategies
that rely on financial incentives or penalties, it uses intuitive, color-coded signals to nudge
consumers towards more efficient energy usage making it a more psychologically effective tool.
The automatic disconnection feature ensures that the system not only advises but also enforces
energy conservation. In addition, by making energy consumption patterns visible and easy to
understand, the system fosters greater consumer engagement and awareness about energy
conservation increasing energy literacy among the community. Furthermore, the real-time
consumer feedback that is facilitated by the system allows consumers to adjust their behavior in
the moment, enhancing the effectiveness of energy conservation efforts. Crucially, the system is
designed with customizable thresholds to suit the specific energy needs and consumption habits of
the Silale mini-grid. This context-sensitive design makes it more effective and adaptable to similar

energy resource constrained settings.

5.4.4 Design and Policy Implications

This study of Silale's TLS design and implementation offers key design and policy
implications, emphasizing the potential of integrating behavioral interventions in energy policies
and the necessity of customizing these strategies to local contexts. It highlights the critical
importance of effective consumer engagement and education to ensure successful implementation
and acceptance of new energy technologies and highlights the importance of considering social,
and psychological factors in designing and implementing technological solutions for community
challenges.

Addressing consumer dissatisfaction with the TLS, particularly the hard choice architecture

of automatic disconnection, is crucial for the system's long-term value. Growing dissatisfaction
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could lead to an increased number of consumers attempting to bypass the TLS, undermining its
effectiveness. To address these issues, we propose integrating softer, more flexible options into
the system's design. Dynamic pricing that adjusts electricity prices in real-time based on demand
would work in Silale’s context to drive shifts in energy-intensive activities to off-peak hours.
Further, rather than complete disconnection, an automatic throttling of a household’s power quota
reducing supply to non-essential loads and prioritizing essential needs like lighting would prevent
total disruption and the associated inconvenience to consumers.

The study raises ethical considerations, particularly concerning automated control measures
like the system's automatic disconnection feature. Robust monitoring and evaluation frameworks
as well as controls are necessary to govern its use and to address any potential abuse or misuse of
the technology. Flashing lights have been known to induce stress and anxiety in some individuals.
Smart meter designs should therefore consider the psychological impact on users. Policies might
encourage designs that are less likely to induce stress or anxiety, such as using less intrusive alerts
or providing users options to customize alert settings. Longitudinal studies are recommended to
fully assess the long-term impact of these interventions and to explore the potential for similar
approaches in different contexts. These insights are crucial for policymakers aiming to enhance

energy efficiency and grid stability through consumer behavior modifications.

5.5 Conclusions

The implementation of the TLS in Silale, Tanzania, represents a significant advancement in
tackling limited mini-grid capacity and unregulated energy use. The consumption distributions
reveal a progressive shift towards more efficient energy use, with noticeable reductions in peak
consumption values over time highlighting the effectiveness of behavioral interventions in energy
management. Crucially, the TLS has effectively reduced peak demand and achieved a more
balanced consumption distribution throughout the day, allowing sufficient charging of the
batteries, reducing the previous strain on the microgrid and improving grid stability. The success
of Silale's traffic light system offers a scalable and replicable solution for similar energy challenges
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in other communities, merging technological innovation with behavioral insights to promote
sustainable and efficient energy use.

This study, while insightful, faces several limitations. Conducted within a specific
geographic and cultural setting, its findings may not be universally applicable. The two-month
observation period raises questions about the permanence of observed behavioral changes, as this
duration may not suffice for lasting habit formation and could include a novelty effect influencing
short-term behavior. To mitigate these constraints, the study combined quantitative data with
detailed surveys and interviews, offering a richer perspective on behavioral changes and
community perceptions. However, longer-term research in varied contexts is essential to validate

and broaden these findings.
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Appendix A: Applied Centrality Measures

Table 14: Centrality measures applied in the study

(N-1 for an undirected network and 2(N-1)
for a directed network)

Where k; is the number of edges incident to node i i.e. the degree of node
i, N is the total number of nodes in the network (Wasserman and Faust,
1994)

Centrali " " 8
ty Definition Model definition Accruing advantage(s)
measure
Degree centrality C, (i) of a node i
Degree centrality measures the ratio of k
Degree node degree (number of connections) to the C (l) _ Influence comes from possessing a large number
cer:gtrality maximum possible degree in the network b (N ) of direct ties or access, equivalent to close

relationships to other actors in a network

Eigenvector
centrality

Extent of closeness to highly connected
nodes - assigns higher centrality scores to
nodes that are connected to other highly
central nodes.

Av=A2Av
Where A is the adjacency matrix of the network, representing the
connections between nodes. Each element
A;; of the matrix is 1 if there is a connection from node i to node j, and 0
otherwise.
Ais the eigenvalue associated with the eigenvector v of the network, v is
the eigenvector corresponding to the largest eigenvalue 4, representing
the eigenvector centrality scores of the nodes. The eigenvector centrality v;
of each node i is given by the corresponding element of the eigenvector v.
(Wasserman and Faust, 1994)

Influence of a node depends not only on the
number of connections it has but also on the
importance of those connections.

Effective size

The effective size of a node’s ego network is
based on the concept of redundancy. A
person’s ego network has redundancy to the
extent that her contacts are connected to
each other as well. The nonredundant part
of a person'’s relationships is the effective
size of her ego network.

Effective size S; of a node i

ZjENi k
ki(k; — 1)

Where N; is the set of neighbours of node i, k; is the degree of node i, and
k; is the degree of each neighbour j of node i (Borgatti and Everett, 1997;
Burt, 2012)

Si:

A higher effective size indicates a node's contacts are
less connected to each other, suggesting a greater
number of unique connections to other players. The
node has more diverse and varied access routes to
other players compared to the interconnectedness of
its contacts providing multiple avenues for obtaining
resources, information, and opportunities within the
network.

Bonacich'
Power
centrality

Defined by the notion that the power of a
node is recursively defined by the sum of
the power of its connections. Nodes either
become more powerful as their direct
neighbours become more powerful (as
occurs in cooperative relations), or weaker

Power centrality C;(, 8)

Where:

|8] affects the degree to which distant ties are taken

into account. If 8 = 0, C;(a, B) is simply proportional to the degree of unit |,
the number of actors with which it is connected, regardless of their
centralities.

In bargaining situations, it is more advantageous
to be connected to those who have few

options; power comes from being connected to
those who are powerless.
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the stronger their neighbours (as occurs in As |B]| increases, the centralities of direct actor connections are taken
competitive or antagonistic relations) more into account, so that C;(a, ) becomes a function of the indirect as
(Bonacich, 1987) well as the direct ties connecting it to the system'”.
Ci(a,p) = E (a+BG)R;;
J
where R is a matrix of relationships (Bonacich, 1987)
Betweenness centrality (i) of a node i
The fraction of shortest paths in the network ] ) o
P . C () — SSt(l) Influence arises from linking together powerful
that pass through that node in the network. Bll) = .
Betweenness o . . S but not directly connected actors or groups
. It quantifies the importance of a node in ziet St e o . .
centrality facilitating communication or resource flow | Wh is th | ber of sh S#L hs f q q q facilitating the ability to broker relationships
g grg ss¢ Is the total number of shortest paths from node s to no e.t, an between parties that lack other connections
between other nodes. (Freeman, 1977) ss¢(0) is the number of those shortest paths that pass through node i
(Freeman et al., 1979)
Constraint C, (i) of a node i
Nodes with high constraint scores have fewer
Proxy measure of structural hole(s) 1 . . )
uantifying the extent to which a node's C (l) _ opportunities to control or broker information
q i - co - o o d. flow between other nodes because their
. connections are redundant or constrained J#i k=i,j Yjk : )
Constraint . : connections are redundant with those of other
by the connections of other nodes in the nodes. Conversely, low constraint nodes have
network (Martin G. Everett and Stephen P. Where: ) €Y. . o
Borgatti, 2020) more opportunities to serve as intermediaries or
gatth ' d;, is the effective resistance'® between nodes j and k (Burt, 2018; Burt, brokers between different parts of the network.
2012)
. - Closeness centrality C¢(i) of a node i Influence comes from proximity to all other actors
Closeness is the mean geodesic (i.e., 1 . : L
. N in the network. Where an actor is able to minimize
shortest-path) distance between a vertex Cc (l) == <= .
Closeness . . n d(i,j) the number of steps required to reach all other
. and all other vertices reachable from it. It j=1 ’ . .
centrality . . . : actors, that actor can potentially acquire and
quantifies the average distance from a node | Where n is the total number of nodes in the network. .
) Do ) . . transfer resources more efficiently than other
to all other nodes in the network. d(i,j) is the shortest path distance between node i and node j (Wasserman )
actors in the network.
and Faust, 1994)
Local The efficiency of the network when each Local efficiency Asseses the fault tolerance of networks and the
E?ff;enc node is removed, one at a time. Measure _ 1 1 efficiency of information or resource transfer
y assesses how critical a node is to the overall | Ejoc (1) = N (N—D) Zj,keNi,j:tkd__k within the local neighborhood of each node.
network connectivity by observing how the e J

7 This study adopts a 8 = 0.5 to reflect a balanced consideration of both direct connections and the importance of a node's neighbours within the broader network structure.

18 Based on the concept of "effective resistance" in electrical network theory. In this approach, the constraint of a node is calculated as the sum of the effective resistances between the node

and all other pairs of nodes in the network. The effective resistance between two nodes measures the resistance to flow of information or resources along the shortest path between them.
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efficiency of the network suffers when the
node is not present.

Where N; is the number of neighbors of node i, d; is the shortest path
distance between nodes j and k within the subgraph formed by node i's
neighbors. The sum is taken over all pairs of neighbors j and k of node |
(Crucitti et al., 2003).

Measure of the efficiency of a node in terms

Information centrality

Yjken djk

A node's importance is derived from its role in

. ) ) i . CIC(l) - N-1 facilitating or hindering the flow of information
Information of its role in the network’s information _— . s .
. . . 3 di.® across the network. Losing a high information
centrality transmission capability (Stephenson and JkeN “jk . L2 .
Zelen, 1989) centrality node would significantly disrupt the
' ' Where N is the total number of nodes, dj is the shortest path distance network's ability to communicate internally.
between nodes j and k, abd d;,” is the shortest path distance between
nodes j and k with node i removed from the network (Stephenson and
Zelen, 1989).
Closeness centrality C.(i) of a node i
1 . . .
. High-density networks often exhibit stron
Assesses how densely connected the Cc(l) =T gh-de 'sty‘ etworks o te' N btsF ong
Network ) ' : w0 d(i,j) communication, collaboration, or social
densit; network s by calculating the ratio of actual J=1 ' interaction, while a low density points to a sparser
y connections to potential connections. Where n is the total number of nodes in the network. —— wi'th fewer interactior{sp P
d(i,j) is the shortest path distance between node i and node j (Wasserman ’
and Faust, 1994)
Efficiency
Gotal | e e OO BN | L v
Network : rees ) N(N-1) “#IEN q(i /)
. effectiveness of information or resource
efficiency

flow across a network

where N is the total number of nodes in the network, d(i, j) is the shortest
path distance between nodes i and j (Aytac and Atay, 2015).

Average path
length

The average number of steps along the
shortest paths for all possible pairs of
network nodes, providing a broad sense of
the network’s connectivity and the ease with
which any two nodes can interact.

Average path length

1 ..
L= mzdijd(l»])

Where N is the total number of nodes in the network, and d(i,j) is the
shortest path length between nodes i and j. The sum is taken over all pairs
of distinct nodes (Bloch et al., 2023).

A low value suggests that the network has good
connectivity, with relatively short paths between
any two nodes. This is often indicative of efficient
communication and quick dissemination of
information or resources across the network,
typical of "small-world" networks.
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Appendix B: iGraph Network Map of Uganda’s OFI Network
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Appendix C: Uganda’s OFI Nodes, Categories, Centrality Scores

Infor

Degree | Effective | Power Const | InvCons Between | Close | mation
Node Layer | Eigen | Centr Size_n Centr raint traint_n ness_n ness Centr LNE
ABSA 0.029 | 0.006 0.026 | 0.481 | 1.000 0.000 0.000 | 0.001 | 0.275 | 0.000
Centenary 0112 | 0.023 0.050 | 0.484 | 0.302 0.163 0.003 | 0.002 | 0.668 | 0.257
DTB 0.069 | 0.012 0.024 | 0481 | 0.556 0.056 0.000 | 0.001 | 0.478 | 0.333
Finance
Trust 0.029 | 0.006 0.026 | 0.481 | 1.000 0.000 0.000 | 0.001 | 0.275 | 0.000
FINCA 0.044 | 0.023 0.046 | 0482 | 0.342 0.136 0.021 | 0.002| 0.636 | 0.361
Hofokam g:;:ci 0.029 | 0.006 0.026 | 0481 | 1.000 0.000 0.000 | 0.001 | 0.275 | 0.000
IFC ; 'anks 0128 | 0.017 0.034 | 0.481 | 0.405 0.104 0.000 | 0.002 | 0.619 | 0.611
Nedbank /MFI | 0000 | 0.012 0.019 | 0.486 | 0.681 0.033 0.000 | 0.001 | 0.152 | 0.500
PostBank 0051 | 0.012 0.024 | 0481 | 0.556 0.056 0.000 | 0.002 | 0.495 | 0.167
Pride
Microfinanc
e 0.029 | 0.006 0.026 | 0.481 | 1.000 0.000 0.000 | 0.001 | 0.275 | 0.000
SACCOs 0034 | 0012 0.024 | 0481 | 0.556 0.056 0.000 | 0.001 | 0.484 | 0.167
Stanbic 0.087 | 0.012 0.026 | 0.481 | 0.500 0.070 0.000 | 0.001 | 0.492 | 0.250
AfDB Devel | 0012 | 0.012 0.026 | 0.543 | 0.500 0.070 0.000 | 0.002 | 0.450 | 0.000
FMO ;’fme 0.001 | 0.006 0.026 | 0.484 | 1.000 0.000 0.000 | 0.001 | 0.139 | 0.000
WB Banks [ 0.445 | 0.121 0361 | 1.000 | 0.090 0.713 0.101 | 0.002 | 0.918 | 0.108
ADA 0.204 | 0.087 0211 | 0672 | 0.177 0.328 0.168 | 0.002 | 0.829 | 0.255
AFD 0.169 | 0.046 0.099 | 0.299 | 0.246 0.216 0.018 | 0.002 | 0.751 | 0.248
BMZ 0270 | 0.035 0071 | 0599 | 0.282 0.179 0.004 | 0.002 | 0.746 | 0.492
DfID 0.490 | 0.168 0493 | 0.652 | 0.091 0.705 0.487 | 0.002 | 0.922 | 0.104
EEP Devel | 0.014 | 0.046 0.114 | 0.486 | 0.191 0.299 0.016 | 0.002 | 0.614 | 0.054
EU ;’fme 0369 | 0.121 0344 | 0618 | 0.110 0.570 0.261 | 0.002 | 0.870 | 0.154
GE Africa Partn [0.032 | 0.006 0.026 | 0.481 | 1.000 0.000 0.000 | 0.002 | 0.285 | 0.000
GIZ " omi| oz 0.684 | 0.040 | 0.116 0.537 0.376 | 0.002 | 0.975 | 0.131
IDCSA 0.000 | 0.012 0019 | 0486 | 0.681 0.033 0.000 | 0.001 | 0.152 | 0.500
IKEA
Foundation 0.000 | 0.006 0.026 | 0.482 | 1.000 0.000 0.000 | 0.001 | 0.113 | 0.000
Kfw 0.560 | 0.179 0463 | 0.686 | 0.143 0.423 0.064 | 0.002 | 0.952 | 0.128
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NDF 0.003 | 0.012 0.018 | 0.485 | 0.707 0.029 0.000 | 0.001 | 0.384 | 0.500
NORAD 0.222 | 0.092 0.236 | 0.000 | 0.157 0.380 0.126 | 0.002 | 0.866 | 0.248
OPEC OFID 0.084 | 0.017 0.014 | 0.399 | 0.648 0.038 0.000 | 0.002 | 0.490 | 1.000
Power Africa

(USAID) 0.346 | 0.133 0.378 | 0.425 | 0.108 0.581 0.143 | 0.002 | 0.924 | 0.127
Power4All 0.000 | 0.012 0.018 | 0.486 | 0.700 0.030 0.000 | 0.001 | 0.216 | 0.500
Rockefeller

foundation 0.000 | 0.012 0.018 | 0.486 | 0.700 0.030 0.000 | 0.001 | 0.216 | 0.500
UNCDF 0.314 | 0.087 0.227 | 0.420 | 0.149 0.403 0.085 | 0.002 | 0.876 | 0.233
UNDP 0.408 | 0.075 0.176 | 0.682 | 0.195 0.292 0.133 | 0.002 | 0.839 | 0.291
UNHCR 0.066 | 0.012 0.026 | 0.484 | 0.500 0.070 0.027 | 0.002 | 0.303 | 0.000
UNIDO 0.036 | 0.023 0.031 | 0.388 | 0.458 0.083 0.001 | 0.002 | 0.571 | 0.417
Unilever 0.066 | 0.017 0.000 | 0.402 | 0.821 0.015 0.000 | 0.002 | 0.400 | 0.500
Brightlife 0.066 | 0.029 0.062 | 0.483 | 0.277 0.184 0.032 | 0.002 | 0.709 | 0.425
CEPA 0.099 | 0.017 0.025 | 0.481 | 0.514 0.067 0.000 | 0.002 | 0.587 | 0.167
EnDev 0.132 | 0.052 0.122 | 0.492 | 0.205 0.273 0.023 | 0.002 | 0.814 | 0.278
Energy

Africa

Campaign 0.032 | 0.006 0.026 | 0.481 | 1.000 0.000 0.000 | 0.002 | 0.285 | 0.000
ERT 2002-

2013 Energ | 0130 | 0029 0.062 | 0.490 | 0.279 0.182 0.010 | 0.002 | 0.718 | 0.217
ERT Il X 0.226 | 0.035 0.079 | 0.481 | 0.239 0.225 0.000 | 0.002 | 0.764 | 0.307
ERT Il s o 0.233 | 0.040 0.098 | 0.481 | 0.208 0.268 0.000 | 0.002 | 0.795 | 0.282
GET.transfor (F:’tr;)je

m 0.013 | 0.012 0.026 | 0.481 | 0.500 0.070 0.000 | 0.001 | 0.394 | 0.333
GETFiT 0.024 | 0.006 0.026 | 0.481 | 1.000 0.000 0.000 | 0.001 | 0.275 | 0.000
Global LEAP 0.069 | 0.017 0.037 | 0.481 | 0.368 0.121 0.000 | 0.002 | 0.613 | 0.611
RECP 0.024 | 0.012 0.017 | 0.473 | 0.723 0.027 0.000 | 0.001 | 0.431 | 0.500
SE4AI 0.179 | 0.035 0.070 | 0.481 | 0.286 0.176 0.000 | 0.002 | 0.775 | 0.772
SOGE-

Uganda 0.092 | 0.029 0.041 | 0.481 | 0.410 0.101 0.000 | 0.002 | 0.705 | 0.600
ERA 0.284 | 0.069 0.190 | 0.442 | 0.134 0.455 0.572 | 0.002 | 0.879 | 0.163
GoU Src]’q"eenf 0.110 | 0.064 0.178 | 0.370 | 0.127 0.484 0.243 | 0.002 0.789 | 0.026
MEMD t 1.000 | 0.324 1.000 | 0.567 | 0.066 1.000 1.000 | 0.002 1.000 | 0.089
MoF gi‘:n 0.058 | 0.035 0.093 | 0.506 | 0.173 0.337 0.050 | 0.002 | 0.743 | 0.168
MoFA 0.023 | 0.017 0.022 | 0.537 | 0.556 0.056 0.007 | 0.002 | 0.472 | 0.000
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MolG 0.072 | 0.017 0.028 | 0.484 | 0.474 0.078 0.001 | 0.001 | 0.573 | 0.306
MoTIC 0.019 | 0.017 0.040 | 0.487 | 0.333 0.141 0.010 | 0.002 | 0.563 | 0.149
MoWE 0.042 | 0.023 0.057 | 0.510 | 0.250 0.211 0.020 | 0.002 | 0.635 | 0.111
NEMA 0.068 | 0.012 0.026 | 0.441 | 0.500 0.070 0.041 | 0.002 | 0.469 | 0.000
Parliament 0.014 | 0.012 0.006 | 0.540 | 1.000 0.000 0.000 | 0.001 | 0.259 | 0.000
PSFU 0.203 | 0.064 0.166 | 0.465 | 0.157 0.378 0.191 | 0.002 | 0.848 | 0.119
UBOS 0.065 | 0.006 0.026 | 0.441 | 1.000 0.000 0.000 | 0.002 | 0.300 | 0.000
uDC 0.000 | 0.017 0.033 | 0.489 | 0.414 0.100 0.000 | 0.001 | 0.248 | 0.167
UECCC 0.218 | 0.092 0.282 | 0.516 | 0.082 0.789 0.231 | 0.002 | 0.869 | 0.043
UEDCL/UME

ME 0.019 | 0.017 0.033 | 0.486 | 0.422 0.096 0.055 | 0.002 | 0.399 | 0.167
UETCL 0.003 | 0.006 0.026 | 0.484 | 1.000 0.000 0.000 | 0.001 | 0.206 | 0.000
UIA 0.070 | 0.017 0.040 | 0.481 | 0.333 0.141 0.000 | 0.002 | 0.577 | 0.107
UNBS 0.113 | 0.040 0.101 | 0.480 | 0.196 0.290 0.061 | 0.002 | 0.770 | 0.248
URA 0.068 | 0.017 0.037 | 0.492 | 0.368 0.121 0.013 | 0.002 | 0.613 | 0.444
Denmark 0.001 | 0.006 0.026 | 0.482 | 1.000 0.000 0.000 | 0.001 | 0.217 | 0.000
Finland 0.001 | 0.006 0.026 | 0.482 | 1.000 0.000 0.000 | 0.001 | 0.217 | 0.000
Iceland Forei | 0001 | 0.006 0.026 | 0.482 | 1.000 0.000 0.000 | 0.001 | 0.217 | 0.000
Netherlands | 8N 0.049 | 0.017 0.022 | 0.419 | 0.556 0.056 0.003 | 0.001 | 0.401 | 0.167
Norway Sr?]"eenf 0.011 0.012 0.014 0.486 | 0.804 0.017 0.000 | 0.001 0.377 | 0.500
Sweden ts 0.154 | 0.064 0.149 | 0.668 | 0.199 0.284 0.044 | 0.002 | 0.798 | 0.251
Acumen 0.000 | 0.006 0.026 | 0.484 | 1.000 0.000 0.000 | 0.001 | 0.000 | 0.000
Finnfud Impa | 0.000 | 0.006 0.026 | 0.483 | 1.000 0.000 0.000 | 0.001 | 0.030 | 0.000
Shell Icr:vest

Foundation | ors 0.312 | 0.081 0.206 | 0.473 | 0.161 0.369 0.049 | 0.002 | 0.876 | 0.217
Sunfunder 0.023 | 0.006 0.026 | 0.458 | 1.000 0.000 0.000 | 0.002 | 0.286 | 0.000
Agoro 0.174 | 0.023 0.051 | 0.481 | 0.296 0.168 0.000 | 0.002 | 0.692 | 0.417
Apwoyo 0.174 | 0.023 0.051 | 0.481 | 0.296 0.168 0.000 | 0.002 | 0.692 | 0.417
Apyeta west | 0174 | 0.023 0.051 | 0.481 | 0.296 0.168 0.000 | 0.002 | 0.692 | 0.417
Aweno-olwi :\i/l(;mg 0.174 | 0.023 0.051 | 0.481 | 0.296 0.168 0.000 | 0.002 | 0.692 | 0.417
Bukasa (I:'troje

Island 0.058 | 0.035 0.068 | 0.481 | 0.292 0.170 0.000 | 0.002 | 0.715 | 0.217
Bukuzindu

solar-diesel

plant 0.000 | 0.035 0.033 | 0.481 | 0.468 0.080 0.000 | 0.001 | 0.227 | 0.167
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Bunjako
Electrificatio
n project

Bwindi
community
microgrid

Eco-Garden
micro-
hydropower
plant

Kabalega
Hydropower
plant

Kanyegarami
re solar
plant

Kayanja
Solar
microgrid

Kiboga solar
mini-grid

Kirchner
Solar

Kisiizi
Hydropower

Kitobo Solar
Plant

Kiwumu 2.0

Kyamagarur
u solar plant

Labayango

Lapideyenyi

Lelapwot

Magara
gasification

Moroto-East

Muddu-
central

Oboko

Ogili

Paloga

0.174 0.023 0.051 0.481 | 0.296 0.168 0.000 | 0.002 0.692 | 0.417
0.098 0.023 0.039 0.481 | 0.397 0.107 0.000 | 0.002 0.658 | 0.458
0.002 0.012 0.015 0.481 | 0.771 0.021 0.000 | 0.001 0.311 | 0.500
0.072 0.017 0.020 0.481 | 0.575 0.052 0.000 | 0.002 0.512 | 0.333
0.071 0.017 0.022 0.481 | 0.549 0.058 0.000 | 0.002 0.492 | 0.333
0.030 0.023 0.033 0.481 | 0.442 0.089 0.000 | 0.002 0.546 | 0.292
0.007 0.012 0.026 0.481 | 0.500 0.070 0.000 | 0.001 0.382 | 0.250
0.159 0.023 0.040 0.481 | 0.388 0.111 0.000 | 0.002 0.674 | 0.417
0.031 0.017 0.013 0.481 | 0.657 0.037 0.000 | 0.002 0.420 | 0.333
0.027 0.023 0.038 0.481 | 0.400 0.106 0.000 | 0.002 0.591 | 0.292
0.002 0.029 0.039 0.481 | 0.421 0.097 0.000 | 0.001 0.342 | 0.150
0.071 0.017 0.022 0.481 | 0.549 0.058 0.000 | 0.002 0.492 | 0.333
0.174 0.023 0.051 0.481 | 0.296 0.168 0.000 | 0.002 0.692 | 0.417
0.174 0.023 0.051 0.481 | 0.296 0.168 0.000 | 0.002 0.692 | 0.417
0.174 0.023 0.051 0.481 | 0.296 0.168 0.000 | 0.002 0.692 | 0.417
0.074 0.023 0.046 0.481 | 0.339 0.137 0.000 | 0.002 0.623 | 0.194
0.174 0.023 0.051 0.481 | 0.296 0.168 0.000 | 0.002 0.692 | 0.417
0.174 0.023 0.051 0.481 | 0.296 0.168 0.000 | 0.002 0.692 | 0.417
0.174 0.023 0.051 0.481 | 0.296 0.168 0.000 | 0.002 0.692 | 0.417
0.174 0.023 0.051 0.481 | 0.296 0.168 0.000 | 0.002 0.692 | 0.417
0.174 0.023 0.051 0.481 | 0.296 0.168 0.000 | 0.002 0.692 | 0.417
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Pamoja

gasification

Kamwenge 0.007 0.012 0.020 0.481 | 0.643 0.039 0.000 | 0.001 0.417 | 0.500

Penyi-buk 0.174 0.023 0.051 0.481 | 0.296 0.168 0.000 | 0.002 0.692 | 0.417

Potika 0.174 0.023 0.051 0.481 | 0.296 0.168 0.000 | 0.002 0.692 | 0.417

RMS Pico

Hydropower 0.014 0.012 0.012 0.481 | 0.849 0.012 0.000 | 0.002 0.378 | 0.500

Senyondo 0.174 0.023 0.051 0.481 | 0.296 0.168 0.000 | 0.002 0.692 | 0.417

Suam Micro

Hydropower

plant 0.160 0.023 0.051 0.481 | 0.297 0.167 0.000 | 0.002 0.690 | 0.333

Tiribogo

gasification 0.074 0.023 0.046 0.481 | 0.339 0.137 0.000 | 0.002 0.623 | 0.194

Ywaya 0.174 0.023 0.051 0.481 | 0.296 0.168 0.000 | 0.002 0.692 | 0.417

Kirchner

Solar 0.125 0.017 0.027 0.484 | 0.488 0.074 0.000 | 0.002 0.600 | 0.417

Absolute

Energy 0.091 0.064 0.168 0.487 | 0.151 0.396 0.041 | 0.002 0.812 | 0.121

Bakulu

Power 0.066 0.012 0.026 0.481 | 0.500 0.070 0.000 | 0.002 0.451 | 0.063

Bwindi

Community

Hospital 0.064 0.017 0.024 0.484 | 0.529 0.063 0.000 | 0.002 0.579 | 0.500

Eco-Gardens

Rwenzori 0.002 0.017 0.026 0.484 | 0.506 0.069 0.001 | 0.001 0.312 | 0.167

En4Dev 0.076 0.023 0.017 0.487 | 0.574 0.052 0.000 | 0.002 0.532 | 0.333
- Minig

Equatorial rid

Power Devel 0.001 0.035 0.061 0.484 | 0.327 0.145 0.002 | 0.001 0.294 | 0.100

Hydromax opers

Limited 0.095 0.029 0.057 0.484 | 0.314 0.154 0.006 | 0.002 0.662 | 0.192

Kiboga

Solar/CREEC 0.000 0.006 0.026 0.481 | 1.000 0.000 0.000 | 0.001 0.144 | 0.000

KIS 0.000 0.035 0.033 0.484 | 0.468 0.080 0.000 | 0.001 0.227 | 0.167

Kisiizi Power 0.031 0.017 0.013 0.484 | 0.657 0.037 0.000 | 0.002 0.420 | 0.333

Mandulis

Energy 0.081 0.023 0.057 0.481 | 0.250 0.211 0.000 | 0.002 0.663 | 0.188

Nakivale

Refugee

Camp 0.004 0.006 0.026 0.481 | 1.000 0.000 0.000 | 0.001 0.117 | 0.000

NPA 0.004 0.012 0.026 0.481 | 0.500 0.070 0.000 | 0.001 0.337 | 0.000
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Orio

Infrastructur

e Fund 0.014 0.017 0.040 0.481 | 0.333 0.141 0.000 | 0.002 0.362 | 0.000
Pamoja

Energy (3) 0.089 0.040 0.085 0.490 | 0.258 0.202 0.046 | 0.002 0.728 | 0.142
PowerGen 0.000 0.012 0.026 0.481 | 0.500 0.070 0.000 | 0.001 0.061 | 0.000
Remergy

Energy Ltd 0.007 0.023 0.036 0.484 | 0.420 0.097 0.001 | 0.001 0.453 | 0.167
RMS 0.014 0.012 0.012 0.484 | 0.849 0.012 0.000 | 0.002 0.378 | 0.500
Suam

Hydropower

(1) 0.058 0.012 0.023 0.481 | 0.570 0.053 0.000 | 0.002 0.488 | 0.500
Wenreco 0.039 0.029 0.067 0.481 | 0.248 0.213 0.000 | 0.002 0.574 | 0.025
Winch

Energy (26) 0.353 0.133 0.331 0.533 | 0.161 0.368 0.041 | 0.002 0.925 | 0.114
Access2inno

vation 0.002 0.012 0.015 0.486 | 0.781 0.020 0.000 | 0.001 0.331 | 0.500
AKFED 0.003 0.006 0.026 0.484 | 1.000 0.000 0.000 | 0.001 0.206 | 0.000
AVSI 0.123 0.012 0.022 0.441 | 0.602 0.047 0.000 | 0.002 0.505 | 0.250
EAIF 0.001 0.017 0.033 0.489 | 0.414 0.100 0.000 | 0.001 0.254 | 0.167
EarthSavers

Movt 0.032 0.012 0.026 0.481 | 0.500 0.070 0.000 | 0.002 0.476 | 0.250
EnerGrow 0.006 0.012 0.026 0.484 | 0.500 0.070 0.000 | 0.001 0.383 | 0.000
Energy4imp

act 0.017 0.017 0.040 0.484 | 0.333 0.141 0.005 | 0.002 0.526 | 0.125
Engie Energy

Access 0.000 0.012 0.026 0.482 | 0.500 0.070 0.001 | 0.001 0.114 | 0.000
ENVenture NGOs | 0.036 0.012 0.007 0.481 | 0.979 0.002 0.000 | 0.002 0.400 | 1.000
Envirofit 0.220 0.029 0.061 0.441 | 0.288 0.174 0.022 | 0.002 0.747 | 0.475
FARES 0.024 0.006 0.026 0.481 | 1.000 0.000 0.000 | 0.001 0.275 | 0.000
FHI 360 0.036 0.017 0.021 0.484 | 0.569 0.053 0.000 | 0.001 0.572 | 0.417
FinAfrica 0.006 0.006 0.026 0.481 | 1.000 0.000 0.000 | 0.001 0.264 | 0.000
GRS

Commoditie

s 0.010 0.012 0.021 0.484 | 0.638 0.040 0.000 | 0.001 0.447 | 0.500
LWF 0.024 0.006 0.026 0.481 | 1.000 0.000 0.000 | 0.001 0.275 | 0.000
NARUC 0.041 0.012 0.024 0.504 | 0.565 0.054 0.000 | 0.002 0.493 | 0.500
NRECA 0.098 0.023 0.035 0.440 | 0.426 0.095 0.017 | 0.002 0.641 | 0.257
NREL 0.023 0.006 0.026 0.481 | 1.000 0.000 0.000 | 0.001 0.286 | 0.000
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USEA 0.132 0.040 0.099 0.504 | 0.202 0.278 0.328 | 0.002 0.780 | 0.270

WWF 0.080 0.052 0.141 0.511 | 0.149 0.404 0.046 | 0.002 0.807 | 0.182

Eco-Garden

Rwenzori 0.000 0.006 0.026 0.482 | 1.000 0.000 0.000 | 0.001 0.120 | 0.000

GuarantCo 0.000 0.012 0.019 0.486 | 0.681 0.033 0.000 | 0.001 0.152 | 0.500

Kisiizi

Hospital/Co Privat

U o 0.004 0.012 0.010 0.486 | 0.889 0.009 0.000 | 0.001 0.288 | 0.500

Kyegegwa Equit

Rural Y

Electricity

Cooperative

Society 0.000 0.012 0.026 0.486 | 0.500 0.070 0.000 | 0.001 0.174 | 0.000

Total

Energies 0.023 0.006 0.026 0.458 | 1.000 0.000 0.000 | 0.002 0.286 | 0.000

CREEC 0.099 0.052 0.141 0.494 | 0.149 0.403 0.321 | 0.002 0.802 | 0.112

EACREE 0.016 0.012 0.022 0.481 | 0.601 0.047 0.000 | 0.001 0.453 | 0.500

GOGLA 0.172 0.052 0.146 0.473 | 0.134 0.455 0.321 | 0.002 0.850 | 0.230

Impact for

Energy 0.032 0.006 0.026 0.481 | 1.000 0.000 0.000 | 0.002 0.285 | 0.000

KTH 0.015 0.017 0.023 0.486 | 0.540 0.060 0.000 | 0.001 0.517 | 0.333

Makerere Resea

Univ rch 0.042 0.040 0.087 0.480 | 0.251 0.211 0.087 | 0.002 0.727 | 0.258
Instit

MIT ution 0.111 0.017 0.017 0.472 | 0.609 0.045 0.006 | 0.002 0.507 | 0.250
s/Ass

NCST ociati 0.003 0.017 0.040 0.490 | 0.333 0.141 0.000 | 0.001 0.374 | 0.083

Open Capital ons 0.116 0.040 0.080 0.487 | 0.279 0.182 0.023 | 0.002 0.776 | 0.386

REBI 0.030 0.035 0.079 0.495 | 0.242 0.221 0.031 | 0.002 0.642 | 0.100

Univ of

Southampto

n 0.014 0.017 0.013 0.487 | 0.656 0.037 0.000 | 0.001 0.425 | 0.333

UNREA 0.049 0.006 0.026 0.481 | 1.000 0.000 0.000 | 0.002 0.295 | 0.000

UOMA 0.010 0.012 0.021 0.484 | 0.638 0.040 0.000 | 0.001 0.447 | 0.500
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