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Abstract

Sustainable agricultural development in rural sub-Saharan Africa increasingly depends on
coordinated governance of energy and water resources. Despite the growing deployment
of solar photovoltaic water pumping systems (SPVWPS), little is known about how the
institutional framework shapes SPVWPS effectiveness for productive agricultural use in
rural Tanzania. Drawing on systems thinking concepts, specifically hierarchy, interaction,
and interconnectedness, this study analyses the institutional frameworks governing en-
ergy and water provision for irrigation and livestock keeping across three rural Tanzanian
communities. A mixed-methods design was employed, with qualitative inquiry as the
primary mode; 65 household surveys, nine semi-structured interviews with community
leaders, SPV developers, and local officials, and seven focus group discussions with farm-
ers and livestock keepers were conducted across the three study areas. National energy
and water policy documents, reports, and strategic plans were also reviewed to contex-
tualise the institutional frameworks governing energy and water delivery in rural areas.
Findings reveal limited coordination among stakeholders, particularly between NGOs,
government agencies (REA, RUWASA, and NIRC), and local communities in the planning
and implementation of SPVWP projects. Top-down delivery mechanisms marginalised
community feedback, undermining local ownership and limiting the productive use po-
tential of installed systems. This study proposes an integrated institutional framework
that combines systems thinking with bottom-up and top-down approaches, explicitly
embedding structured feedback mechanisms and aligning stakeholder roles across all gov-
ernance levels. The framework was validated through interviews with experts in the rural
energy and governance field, confirming its practical relevance and applicability to rural
energy–water governance. The framework offers actionable guidance for policymakers
and development practitioners seeking to strengthen institutional coordination in rural
energy–water–agriculture governance, contributing to progress towards SDG 7 and SDG 2
across sub-Saharan Africa.

Keywords: SPVWP; institutional framework; community participation; productive use;
systems thinking; bottom-up and top-down approaches
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1. Introduction
Rural areas in sub-Saharan Africa (SSA) have the lowest electrification rates globally,

with approximately 43% to 48% of the rural population having access to electricity as of
2024 [1,2]. In this context, electricity access is defined using minimum annual consumption
thresholds of 250 kWh for rural households and 500 kWh for urban households [3]. This
situation poses a significant barrier to sustainable rural development. To address this
challenge and achieve Sustainable Development Goal Seven (SDG 7), which aims to ensure
affordable, reliable, sustainable, and modern energy for all, various stakeholders, including
local governments, international organisations, public and private sectors, have initiated
efforts to expand rural electricity access. Grid extension remains the preferred option for
national governments and donor agencies; however, in most rural areas of SSA, centralised
grid electricity is uneconomical, making decentralised off-grid electrification solutions
essential [4–7]. SPV systems are emerging as the most feasible off-grid option due to their
scalability, cost-effectiveness, and suitability for the region’s climatic conditions [7]. In rural
settings, SPV systems play an important role in supporting productive activities, defined as
income-generating and economically beneficial uses of energy, including irrigation, water
pumping, livestock keeping, and agricultural processing and storage [8]. These activities
depend heavily on reliable and affordable access to energy for water provision, which is
essential for improving agricultural productivity, supporting livelihoods, and fostering
sustainable rural development [9–12].

The energy–water–agriculture nexus constitutes one of the most critical sustainable
development challenges in rural areas of SSA and other arid and semi-arid regions of the
global south. Agriculture employs between 50% and 70% of the labour force and accounts
for approximately 65% of freshwater withdrawals across SSA [13]. In rural SSA, the
primary water sources are rainwater harvesting and groundwater extracted from boreholes
or shallow wells, using either manual or electric pumps. The low electrification rate in
these areas has driven the adoption of SPVWP for agricultural activities [12,13].

The literature has examined technical performance, financial viability, and farmer-
level adoption of SPVWPS [14,15]. However, few studies have examined the institutional
arrangements governing cross-sectoral planning and implementation among energy, water,
and agricultural agencies in rural settings [16,17]. Energy–water–agriculture nexus research
largely focuses on large-scale infrastructure or urban systems, whilst the governance of
decentralised off-grid systems in rural areas remains under-researched [18]. Specifically,
the key questions remain about how top-down regulatory frameworks and bottom-up
participatory processes interact in energy provision, why persistent coordination failures
occur across energy and water agencies, and how stakeholders engage meaningfully in
project planning, design, implementation, and operation. This institutional governance gap
limits both scholarly understanding and practical deployment of solar-powered systems
for productive use in rural areas across the global south, including Tanzania, where decen-
tralised SPVWPS are increasingly central to agricultural development, yet their governance
remains insufficiently studied.

This article addresses the institutional governance gap by examining how existing in-
stitutional frameworks shape the planning and implementation of SPVWPS for productive
agricultural activities in rural Tanzania. Employing a qualitative-dominant mixed-methods
approach and drawing on systems thinking concepts, specifically hierarchy, interaction, and
interconnectedness, the study analyses cross-sectoral coordination, stakeholder interactions,
and feedback mechanisms across three rural Tanzanian communities. The following section
reviews the relevant literature on energy–water governance, institutional frameworks, and
systems thinking as an analytical lens.
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2. Literature Review
2.1. Framework for Energy–Water–Agriculture Planning in Rural Areas

Integrated planning for energy, water, and agriculture emerged in the early 2010s
as a response to the limitations of sectoral silos in addressing interconnected resource
insecurities in the global south [16,19]. Key policy platforms, including the World Eco-
nomic Forum and the Bonn 2011 Conference, framed energy, water, and agriculture as an
integrated system in which interventions in one sector produce cascading effects across the
others [20,21]. The literature indicates that integrated resource management sustainably
reduces energy and water inputs per unit of agricultural production [22,23].

Despite the growing recognition of the importance of energy for water provision in
agriculture, its effective planning and implementation in rural SSA remains constrained
by weak institutional frameworks and governance challenges [16,24]. Sectoral silos and
fragmented mandates dominate the institutional landscape, whereas the energy, water, and
agriculture sectors plan, budget, and regulate independently, with limited or no legal obli-
gation to coordinate [18,25,26]. This fragmentation results in overlapping responsibilities,
inconsistent technical standards, and competing subsidy schemes, all of which complicate
planning and implementation of SPV energy projects in the rural contexts [25–27].

Furthermore, collaboration between government levels and the absence of a feed-
back mechanism exacerbate this challenge. Central government authorities and energy
implementing agencies commonly adopt a top-down planning approach that often over-
looks local needs and priorities, resulting in interventions that are technically viable but
socially misaligned [27,28]. Scholars also highlight the absence of feedback mechanisms
between rural community actors and local government authorities (LGAs), leading to
a persistent mismatch between local energy needs and government-led development
interventions [26,27]. This institutional fragmentation weakens the planning and imple-
mentation of energy–water projects for agriculture and helps explain why SPV initiatives
have yet to deliver systemic agricultural transformation across many rural areas of SSA.
Addressing these governance gaps requires a holistic, integrated approach that promotes
horizontal coordination between sectors and vertical alignment across governance levels,
supported by meaningful community participation mechanisms [26].

2.2. Multi-Level Governance of Energy and Water for Agriculture in Rural Areas

The growing energy demand for agricultural activities, combined with the pressure
of climate change, necessitates a shift towards more effective and integrated governance
practices that account for the hierarchical interdependencies among stakeholders [29–32].
Two complementary approaches, bottom-up and top-down, characterise the governance
levels and structures through which SPV projects are planned and implemented in ru-
ral areas, reflecting how governance structures shape the impacts of energy on agricul-
ture. Scholars argue that a bottom-up approach strengthens community participation,
ensures alignment with community priorities, and fosters long-term ownership of energy
interventions [33–36]. Conversely, the top-down approach enables resource mobilisation,
technical sophistication, and institutional coordination, thereby facilitating effective energy
project implementation [37–40].

Furthermore, these two governance structures have distinct strengths and weaknesses,
and neither approach alone ensures energy sustainability in the rural contexts [41]. These
governance challenges are further compounded by weak institutional capacity and lim-
ited resource allocation at the local government level, which hinder effective monitoring,
maintenance, and stakeholder engagement [26,27]. Recognising the interdependence of
these approaches necessitates the adoption of systems thinking perspectives to maximise
resource use and ensure long-term sustainability of energy transitions in rural areas [42,43].
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Scholars further emphasise that multi-level governance in which local, regional, national,
and international initiatives operate in parallel, interact, and reinforce one another results in
more effective and comprehensive outcomes [41,44]. Therefore, the multi-level governance
perspectives prompt an examination of how the existing institutional framework influences
the solarisation process for agricultural use in the rural areas. Within this context, the
Tanzanian case provides an instructive case through which to examine how institutional
arrangements shape practical outcomes in the rural energy–water–agriculture interventions.
The following section examines the role of institutional linkages, community involvement,
and feedback mechanisms in shaping these outcomes.

2.3. Institutional Linkage, Community Involvement, and Feedback Mechanism in Rural
Energy–Water Provision

Effective institutional linkage depends on collaboration between government insti-
tutions and agencies through consensus-oriented decision-making processes that bring
together diverse stakeholders to address complex, cross-sectoral challenges [45]. Successful
institutional linkage requires key enabling conditions, including broad participation, clear
institutional design, mutual trust, and facilitative leadership [45]. Cejudo and Michel [46]
argue that solving complex, cross-cutting problems demands stronger coordination and
policy integration, whereby dedicated decision-making arrangements systematically priori-
tise the overarching problem over individual sectoral programmes. In the context of energy
for water provision in agriculture, collaboration between government institutions and
non-governmental organisations forms a critical foundation for strengthening institutional
linkages and improving coordination, particularly where service delivery depends on cross-
sectoral governance and shared implementation responsibilities [41,45,47]. Furthermore,
coordination between institutions and agencies with shared developmental responsibil-
ities involves aligning mandates, information sharing, and synchronising planning and
budgeting processes to maximise service delivery outcomes in rural areas [33,40].

Community participatory approaches in rural energy–water projects represent a shift
from top-down (expert-driven) implementation to a bottom-up governance approach that
empowers local communities to participate meaningfully in energy projects [40,48–50].
Promoting decentralised governance, co-design, and collaboration between end-users, tech-
nical experts, and government agencies is essential to ensure that projects are contextually
relevant and locally appropriate [51,52]. Scholars suggest that rural communities play a
crucial role in planning and implementation by aligning energy intervention with local
priorities and fostering ownership, commitment, and trust factors essential for the long-
term adoption and maintenance of SPV systems [53–55]. Evidence from Indonesia shows
that local involvement in site selection and operations increased household income by 25%
through improved irrigation and livestock watering [56]. Similarly, in the energy sector,
community-co-designed solar mini-grids in Kenya achieved 90% uptime, compared with
failure rates of 40–60% in top-down projects [57]. These examples demonstrate that commu-
nity engagement enhances technical reliability, improves economic outcomes, and ensures
long-term project sustainability outcomes that remain elusive in many rural Tanzanian
communities where top-down delivery continues to dominate [58]. The operationalisation
of bottom-up and top-down approaches requires a structured feedback mechanism among
stakeholders. Feedback from decision-makers to the community facilitates the smooth
implementation of SPV energy projects and contributes to rural development [59]. Estab-
lishing a structured feedback mechanism between institutions helps build consensus and
align activities toward achieving shared development objectives [41,46]. Scholars argue that
development partners often outperform government agencies in mobilising communities,
allocating resources, and promoting grassroots participation [47]. Development partners
increasingly view solar energy as a climate-smart, cost-effective, and sustainable solution
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for agricultural use [16]. Taken together, the evidence underscores that meaningful com-
munity involvement and robust feedback mechanisms are indispensable for effective rural
energy–water governance, a gap that this study empirically investigates in the Tanzanian
context, as discussed in the following section [60].

2.4. Systems Thinking and Rural Energy Framework

Systems thinking focuses on a holistic approach to understanding how elements within
a system interrelate and integrate [61]. It encompasses analytical approaches that link
system structure to performance and performance to structure, with the goal of identifying
leverage points for systemic change [62]. Systems thinking offers a powerful lens for
understanding the energy–water–agriculture nexus because it treats these domains not
as separate sectors, but as a single complex system in which technical components (such
as solar pumps and boreholes), stakeholders (including farmers, agencies, and NGOs),
institutions (such as policies, subsidies, land-tenure rules), and natural resources continually
interact [42].

Beyond its analytical function, systems thinking also informs organisational planning,
forecasting, implementation, and a feedback mechanism [63]. It provides an appropriate
lens for investigating the planning and implementation of rural energy interventions be-
cause it captures the interdependencies, feedback processes, and institutional interactions
that shape project outcomes across multiple sectors and governance levels [42]. In the
context of SPVWPS for rural agriculture, planning and implementation involve intercon-
nected technical and institutional processes that cannot be understood in isolation [64].
From a systems thinking perspective, these processes are governed by interactions among
stakeholders, governance arrangements, and feedback mechanisms that determine how
energy and water services are delivered [63,64]. Furthermore, the implementation of the
SPV projects involves more than technical deployment; it also depends on how stakeholder
roles and responsibilities are defined and coordinated within the institutional framework.
Clearly assigning these roles supports more effective governance and helps reduce overlaps,
gaps, and inefficiencies in project delivery. Systems thinking also highlights the importance
of communication and feedback, as these processes enable stakeholders to assess progress,
respond to emerging challenges, and strengthen coordination across actors, institutions,
and implementation stages [61,65].

Moreover, systems thinking emphasises the hierarchy within complex systems, which
is essential for understanding the structural organisation and interactions across energy–
water–agriculture projects [66]. Each hierarchical level possesses unique functions and
emergent properties that collectively contribute to the overall system performance. Hierar-
chies are further characterised by control and communication processes occurring at the
interfaces between levels, enabling coordination and integration across the system [42].
In the context of rural SPVWPS for agriculture, hierarchical structures are important for
effective decision-making because they support communication among communities, SPV
developers, and policymakers. This article specifically employs three systems thinking
concepts: hierarchy, interaction, and interconnectedness as analytical tools to examine how
institutional arrangements shape the planning and implementation of SPVWPS in rural
Tanzania, as elaborated in the methodology section.

Scholars argue that fragmented decision-making hinders the effective use of abun-
dant solar resources in Morocco and Tunisia [67]. Similarly, in SSA, stock-and-flow and
participatory modelling approaches help communities and planners visualise trade-offs
between short-term food production and long-term aquifer sustainability [68,69]. However,
the application of systems thinking to the governance of decentralised renewable energy
remains limited and largely conceptual [24]. This article addresses this gap by adopting
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systems thinking as an analytical lens and a practical framework for examining institutional
coordination within Tanzania’s rural energy–water–agriculture stakeholder landscape.

Building on the identified gap, this article investigates how existing institutional ar-
rangements shape the planning and implementation of SPVWPS and uses these insights to
develop a conceptual institutional framework that strengthens cross-sectoral coordination,
integration, and stakeholder participation in rural areas. Tanzania serves as a representative
case, reflecting broader patterns of institutional fragmentation across SSA, characterised by
overlapping sectoral mandates, weak intersectoral coordination, and limited community
participation in development project design and implementation [27,28,69]. The article fur-
ther analyses how top-down and bottom-up approaches interact and identifies the systemic
coordination barriers that constrain the productive use of SPVWPS in agriculture. Drawing
on interviews, focus group discussions, household surveys, and a systems thinking frame-
work, the study proposes an integrated institutional framework to strengthen intersectoral
coordination, stakeholder participation, and feedback mechanisms in rural energy–water
governance. Specifically, the study answers three interrelated research questions: (1) How
do existing institutional frameworks shape the planning and implementation of SPVWPS
for agriculture in rural areas, using Tanzania as an empirical case? (2) What systemic coordi-
nation barriers limit the effectiveness of top-down and bottom-up approaches in SPVWPS
planning and implementation, and how do these barriers manifest across hierarchical gov-
ernance levels in rural Tanzania? (3) How can institutional linkages, feedback mechanisms,
and community engagement be strengthened to improve the planning and implementation
of SPVWPS for productive agricultural activities in rural Tanzania? Understanding these
governance interactions is essential for advancing SDG 7 (Affordable and Clean Energy)
and SDG 2 (Zero Hunger) in rural contexts.

The remainder of the article is structured as follows: Section 3 describes the methodol-
ogy; Section 4 analyses the existing framework for energy delivery for water pumping in
rural agriculture; Section 5 presents the proposed improved institutional framework for
SPVWP delivery in rural agricultural activities; and Sections 6 and 7 present the discussion
and conclusions, respectively.

3. Materials and Methods
3.1. Study Context

The study adopts a multiple-case study approach to develop a comprehensive un-
derstanding of the institutional arrangements governing SPVWPS in rural Tanzania. Ex-
amining multiple cases enables comparison across diverse contexts, revealing consistent
patterns and contextual variations [69]. This enhances analytical depth, robustness, and
credibility, as insights from each case complement one another [68,69]. Such an approach
also supports meaningful conclusions about the institutional and contextual dynamics
shaping SPVWPS deployment and governance in rural Tanzania [69–71].

The study covers two irrigation-focused regions, Iringa and Dodoma, and one
livestock-based region, Manyara, as shown in Figure 1, which illustrates the geographical
distribution of the three study sites across Tanzania. These cases were selected based on the
following criteria: confirmed installation and operation of solar-powered water-pumping
systems for agricultural purposes and evidence of active community use of those systems
in irrigation or livestock activities. With the assistance of Energy and Water Utilities Regu-
latory Authority (EWURA) and Tanzania Renewable Energy Association (TAREA), a list of
registered rural SPV projects was obtained, from which three projects were purposively
selected to encompass diverse agricultural context, including both irrigation and livestock
activities, and to reflect variation in implementing actors government, NGOs, and develop-
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ment foundations thereby enabling examination of different institutional arrangements as
shown in List of Abbreviations.

Figure 1. Case study areas. Source: Adapted from the Tanzania ad{ministrative map, National Bureau
of Statistics [72].

In Lupembe-Lwasenga Village, Iringa, annual rainfall averages 700–800 mm [72]. A
14.8 kWp SPVWPS, implemented by the Elico Foundation with support from the Mott Foun-
dation, replaced a diesel generator to support irrigation activities. In Ilolo-Kikombo Village,
Dodoma, where the average annual rainfall is approximately 500–600 mm, a 7.41 kWp
SPVWPS was installed by the Municipal through the Agriculture Sector Development
Programme (ASDP) to improve irrigation activities. In Loswaki Village, Manyara, known
for its high livestock population and annual rainfall of 450–700 mm, NGOs including
OMASI/SMART Village and OIKOS installed a 7.5 kWp SPVWPS to replace a diesel gener-
ator, providing water for livestock keeping, domestic use, and home vegetable farming.
Across the study regions, solar energy adoption exceeds grid connections: in Iringa, 31.9%
solar versus 43.1% grid connections; in Dodoma, 34.0% solar versus 28.9% grid connections;
and in Manyara, 35.1% solar versus 23.1% grid connections [72]. Nationally, only 13.8% of
rural households rely on grid electricity for lighting, reflecting the growing prominence of
decentralised solar systems that meet both household and productive energy needs [72].

3.2. Study Methods

This study employs a concurrent mixed-methods design to analyse the institutional
framework governing energy provision for agricultural water supply. Qualitative inquiry
constitutes the primary mode of investigation, and quantitative survey data have a nested
function. The mixed-methods design leverages the strengths of each method whilst mitigat-
ing their individual limitations, thereby providing a more comprehensive understanding
of the phenomenon [73,74]. The justification for using the mixed-methods approach in this
study is as follows: first, it enables triangulation, whereby findings from different methods
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corroborate each other in examining the same phenomenon; second, complementarity
ensures that one method enhances, elaborates on, or clarifies the results of the other [74,75].
It is appropriate for this study because the institutional framework governing SPVWPS
involves both measurable patterns of stakeholder participation and coordination, and
qualitative insights into the processes, relationships, and challenges shaping planning
and implementation. The interview guide and questionnaire were developed drawing on
constructs from the literature on rural energy governance and community participation,
with selected items adapted from comparable studies and others designed specifically for
the Tanzanian context.

An empirical review of academic and grey literature was conducted, encompassing
policy documents and government reports, including the Energy Report for Sustainable
Agricultural Innovative International [76,77], the National Water Sector Development
Strategy and the Water Sector Development Programme [78], the National Irrigation Com-
mission (Medium Term Strategic Plan 2023/2024–2027/2028) [79], and the Building a Better
Tomorrow-Youth Initiative for Agribusiness (BBT-YIA) (2022–2030) [80]. The empirical
review situates the study within the existing policy and institutional context, and provides
a basis for understanding how governance arrangements shape SPVWPS planning and
implementation in rural areas [81].

To gain deeper insights into key issues regarding SPVWPS’s institutional framework
for agriculture, nine semi-structured interviews with key informants and seven focus group
discussions (FGD) with farmers were conducted to understand the solarisation processes
across the three selected cases in Iringa, Dodoma, and Manyara regions. Key informants
were selected because they play central roles in the decision-making, planning, and im-
plementation of SPVWP projects. Also, the semi-structured interviews offer flexibility to
explore issues in depth whilst ensuring consistency across interviews, enabling the collec-
tion of rich, valid insights from respondents’ experiences and perceptions of institutional
processes and project outcomes [82]. The FGDs provided an interactive platform that
complemented survey data by revealing group dynamics, shared challenges, and collective
perspectives whilst generating rich qualitative insights [83].

Moreover, 65 questionnaire surveys were administered to capture demographic in-
formation, respondents’ perceptions, and satisfaction levels. This method was selected to
obtain standardised and comparable data from a relatively large number of respondents,
enabling the study to capture general perceptions, user experiences, satisfaction levels,
and perceived benefits of SPVWPS in agricultural activities [84]. Group-administered
surveys proved effective in this setting, enabling simultaneous data collection from mul-
tiple respondents [84]. Although group-administered surveys are labour-intensive, they
are well-suited for studies in remote rural settings where travel costs are high, and ac-
cess to individual respondents may be limited [74,84]. This integrated methodological
approach enables a detailed examination of institutional relationships, policy contexts, and
governance processes relevant to the study’s objectives.

3.3. Study Set-Up

The study population is divided into three main groups. The first group comprises
users of SPVWPS for irrigation and livestock keeping. The second group comprised
SPV developers involved in the design and implementation of solar projects, registered
with TAREA. The third group comprised local government representatives, including
village chairpersons, village executive officers (VEOs), district agriculture, irrigation, and
cooperative officers (DAICOs), and regional irrigation officers. A purposive sampling
approach was employed to select participants from each group, ensuring that respondents
possessed relevant experience and knowledge of the SPV water systems under study.
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Key informants were directly contacted based on their involvement in SPVWPS planning
and implementation, from project inception through commissioning. FGDs were pre-
arranged with the assistance of village chairpersons, farmers’ group leaders, and VEOs,
who facilitated participant mobilisation within each community.

A group-administered questionnaire survey was conducted with irrigators and live-
stock keepers (Group 1). The questionnaires were distributed, completed, and returned in a
single session during community meetings convened at each site. The survey encompassed
respondents’ demographic information, the SPVWPS installation process, and respondents’
perceptions of the benefits. Respondents were asked to rate the level of agreement us-
ing a 5-point Likert scale (5 = strongly agree, 4 = agree, 3 = neither agree nor disagree,
2 = disagree, and 1 = strongly disagree). The researcher remained present throughout to
clarify any queries from survey respondents. A total of 22, 20, and 23 questionnaires were
administered in Iringa, Dodoma, and Manyara, respectively.

In-depth semi-structured interviews were conducted with representatives of SPV
project developers (Group 2) and local administrative leaders (Group 3). These partici-
pants served as key informants because of their direct involvement in policy interpretation,
project planning and implementation, and community coordination. They provided valu-
able insights into the institutional framework and solarisation processes in rural areas.
In addition, FGDs comprising six to ten participants were conducted with farmers and
livestock keepers (Group 1) to capture their perceptions, needs, priorities, and experiences
of SPVWPS installed in their areas.

Nine interviews and seven FGDs were conducted across the case study areas. The
researcher facilitated the semi-structured interviews and FGDs using a topic guide or-
ganised into three sections. The first covered demographic information of respondents;
the second explored perceptions and understanding of how the solarisation process was
organised; and the third examined views on the benefits of SPVWPS for irrigators and
livestock keepers. Interviews lasted 40 to 70 min, whilst FGDs lasted 30 to 90 min. All data
collection activities, including surveys, interviews, and FGDs, were carried out between
March and July 2023. The discussions were conducted in Swahili to ensure clarity and
meaningful insights relevant to the research topic.

Quantitative data were analysed descriptively using SAS software version 9.4 to
generate mean values and frequency distributions. Mean values were used to interpret
general trends and levels of agreement among respondents. Interview and FGD participants
provided consent for audio recording, after which the data were transcribed verbatim,
translated from Swahili into English, and imported into NVivo 12 Plus for qualitative
analysis. The transcripts were edited, segmented, and summarised to reduce volume,
then coded to identify emerging themes, clusters, and patterns. This analytical process
ensured that findings were systematically organised and interpreted in relation to the
study’s three research questions. This study involved human participants who provided
informed consent prior to data collection. Participants were assured of anonymity and
confidentiality, and their participation was entirely voluntary. No personal identifying
information was recorded or disclosed.

4. Analysis of Existing Framework for Energy Delivery for Water
Pumping in Rural Agriculture

This section analyses the institutional governance of SPVWPS for rural agricultural
activities. Findings regarding sectoral coordination, administrative mandates, and stake-
holders’ participation are presented. Attention is given to interactions and interconnections
among the energy and water sectors, and their alignment with agricultural development
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objectives. The analysis identifies planning and implementation gaps in the governance of
SPV systems for agricultural water delivery.

4.1. The Current Framework for Planning of Energy and Water for Agriculture

Findings from the empirical review of scholarly works and grey literature, including
policy documents and government reports, reveal that the framework for planning and
implementing rural energy projects for water provision in Tanzania involves several key
stakeholders. These include the Ministry of Energy (MoE), which sets policy and legal
frameworks, the Tanzanian Electric Supply Company Ltd. (TANESCO), which monitors
electricity generation, transmission, and distribution, and the Rural Energy Agency (REA),
which promotes access to electricity in rural areas [28,85,86]. REA recognises the productive
use of energy (PUE) within its broader rural electrification and renewable energy support
instruments. However, based on the reviewed REA documents, a fully operational PUE
framework targeting rural agricultural applications is not yet institutionalised [87].

Furthermore, the review reveals that the Ministry of Water (MoW) collaborates with
the Rural Water Supply and Sanitation Agency (RUWASA) to develop rural water supply
systems and oversees rural water projects that are managed by Community-Based Water
Supply Organisations (CBWSOs) under district council supervision [88,89]. EWURA
regulates technical and economic performance across both the energy and water sectors [71].
Agriculture, particularly irrigation and livestock, falls under two separate ministries: the
Ministry of Agriculture (MoA) and the Ministry of Livestock and Fisheries (MLF) [90,91].
The National Irrigation Commission (NIRC), under MoA, oversees irrigation development
and efficiency, whilst the Directorate of Livestock Development (DLD), under MLF, oversees
livestock development and farmer extension support [90].

Figure 2 illustrates the existing public service delivery structure in Tanzania’s ru-
ral areas, showing the hierarchical organisation and communication channels from the
central to the local government, integrating the MoE, MoW, MoA, MLF, and their agen-
cies. The structure spans administrative levels from the national to the village level. The
red-dotted lines indicate weak sectoral linkages and miscommunication in the planning
and implementation of development programmes. The four ministries are responsible for
energy, water, agriculture, and livestock development, and maintain limited horizontal
coordination, which often leads to fragmented and uneven service delivery in rural areas.
Scholars argue that the institutional framework fails to support effective service delivery
in rural areas. From a systems thinking perspective, this represents a failure of horizontal
interconnectedness and cross-level feedback, two dynamics central to effective institutional
governance. The literature contends that the institutional framework for service delivery
in rural areas remains complex and fragmented, with overlapping mandates and limited
cross-sectoral communication [27,92]. Coordination challenges often stem from sector-
specific policies and funding streams that prioritise institutional objectives rather than
shared outcomes [8,28,93]. Tanzania’s sector ministries maintain a vertically integrated
administrative structure (region to district to ward to village) but operate through horizon-
tally disconnected governance systems, reinforcing institutional silos and undermining
integrated rural development planning for sustainable livelihoods improvement.

As shown in Figure 2, SPV for water availability in agricultural activities is undertaken
by four separate institutions, with limited integration into rural infrastructure planning,
resulting in parallel interventions without linkages. This highlights that weak cross-sectoral
coordination constrains productive activities such as irrigation and livestock development
and reduces the impact of SPVWP intervention [5,6].
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Figure 2. The existing framework for energy, water, and agriculture service delivery in rural areas shows hierarchical linkages and areas requiring stronger
coordination. Sources: Adapted from Gudaga et al. [94], Sustainable energy for all [91], and the United Republic of Tanzania (Local Authority Act) [93].
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4.2. Insights from the Field Work

This section presents the demographic characteristics and educational profiles of par-
ticipants across the three case study areas, contextualising the study population within
rural solar energy initiatives. Demographic information of the study population across the
three study areas is presented in Appendix B (Table A1). The in-depth interviews (n = 9) pri-
marily involved male participants aged 30–49, most of whom held diplomas or certificates
reflecting their roles as technical and administrative decision-makers. The survey (n = 65)
had balanced gender representation (and participants were predominantly engaged in
full-time agriculture, with a primary education level and an average age of 37–43 years
across the three sites. The FGDs (n = 7) primarily included female participants aged 30–49,
most of whom were full-time agricultural workers with a primary-level education. The
predominance of primary-educated participants among community members underscores
the importance of accessible, participatory engagement approaches over technically com-
plex top-down implementation processes, a finding that recurs throughout the analysis in
subsequent sections.

4.2.1. Institutional Coordination and Procedural Delays

An interview with an SPV developer in Manyara revealed that procedural and coordi-
nation challenges delay the implementation of SPV projects. Delays stem from fragmented
communication among local government authorities (LGAs), developers, and RUWASA,
particularly during the approval phase. The interviewee explained that project implemen-
tation was often delayed because the community, the developer, and RUWASA must reach
a common understanding before work could begin. The respondents further clarified that
although villagers communicate their SPV needs and their agreement with the developer
to RUWASA, the lengthy approval process, legal review, and administrative verifications
extended the timelines before project activities could commence. An interviewee narrates:

“. . .. The procedure involved extensive paperwork and back-and-forth communication
more than we expected.” (IDI 4, Manyara)

Similarly, in Dodoma, FGDs with farmers revealed that the Kikombo irrigation project
experienced limited feedback from the LGA during the operational phase. Farmers reported
that although challenges are communicated to leaders, responses remain low, resulting in
inefficiencies and farmer frustration. One FGD respondent states:

“We have reported the challenges we are facing to our leader, but nothing has been done
until now. All local leaders and those at the district level know our problem, but no action
has been taken to date”. (FGD 1, Dodoma)

These findings demonstrate that coordination challenges exist from project initiation
through implementation and operation. Limited feedback between governance levels
reduces accountability, slows decision-making, and undermines the performance of the
SPV system. These lifecycle governance gaps highlight the need for clearer communication
and stronger coordination among stakeholders across all project phases. Findings suggest
that planners and implementers overlook opportunities for synergies between energy, water,
and agriculture initiatives. From a systems thinking perspective, these coordination failures
reflect the absence of effective feedback mechanisms and weak interconnectedness across
hierarchical governance levels. Stronger coordination among agencies, particularly REA,
NIRC, and RUWASA within national planning frameworks, would bridge this gap and
unlock the productive potential of rural energy for water in rural agriculture. Establishing
joint planning mechanisms, harmonising policy instruments, and promoting shared data
systems could facilitate this integration.
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4.2.2. Governance and Stakeholders’ Interactions

An interview with a key informant in Iringa revealed that the main stakeholders in
the solar-powered irrigation initiative include the crop buyer, SPV developer, villagers,
and VEOs. The crop buyer linked the farmers in Lupembe-Lwasenga with development
partners supporting the transition from diesel-powered to SPV irrigation pumps. Com-
munication began between the crop buyer and the farmers before formal information and
procedures were sent to VEO and the District Council. One interviewee explains:

“Farmers in Lupembe-Lwasenga village, who supplied vegetables to markets in the United
Kingdom and the United States through a crop buyer, face high irrigation costs due to
their reliance on fuel-powered pumps. To address this challenge, the MOTT Foundation,
introduced by the crop buyer, proposed transitioning to solar energy for irrigation. After
several discussions with the villagers and the VEO, the Iringa District Council received
formal notification through the Municipal Irrigation Engineer that Elico Foundation will
implement the SPVWPS”. (IDI 7, Iringa)

In Dodoma, the interview reveals that the solarisation initiative involved collabora-
tion between the District Council, development partners, and the local community. The
respondent explained that the African Development Bank (AfDB) funded the project as
part of its support for agricultural activities in the district. The interviewee also describes
how the flow of information begins with villagers presenting their needs through village
assemblies and councils, which then submit these priorities to the District Council. After
the District Council conducts a feasibility study, the SPV project is implemented using
allocated LGA funds, supplemented by contributions from development partners such as
FAO. An interviewee notes:

“The Kikombo irrigation project was implemented and operated by the Council using
funds from the DADPs plan, which forms part of the Agricultural Sector Development
Programme (ASDP). Initially, the villagers submitted their needs and priorities to the
District Council through the Ward Development Committee, and after the feasibility
study, the Council implemented the project”. (IDI 8, Dodoma)

In Manyara, an interviewee explained that the SPV developer initiated the project
by identifying the energy challenges faced by villagers in the Terat Ward and proposed a
SPV solution. The respondent further explained that the community accepted the proposal
following extensive discussions among villagers, the District Council, and a representative
from RUWASA. The SPV developer implemented the solar-powered pump PV system after
reaching a payment agreement with the villagers, coordinated by the local water committee
under RUWASA’s supervision. An interviewee narrates:

“When the milk processing system was established at Terat (2008–2010), a large generator
was installed, but it was supplemented with plant-based biodiesel. However, the generator
was damaged, most likely due to the use of unrefined biodiesel. In 2019, SMARTVIL-
LAGE Research Group partnered with OMASI under the Smart Integrated Community
Energy in Tanzania initiative, working with local communities to identify challenges and
design renewable energy solutions, such as SPV, to meet their needs”. (IDI 7, Iringa)

Furthermore, the interviewee noted that NGOs have played a crucial role in financing
SPVWP systems. However, community contributions remain necessary to demonstrate
commitment, enhance ownership, and ensure readiness to participate in the solarisation
process. The interviewee stated that in Manyara, the community contributed to the installa-
tion cost through several instalment payments. The unpaid balance was granted by OIKOS.
An interviewee explains:
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“We had a contract because they wanted it to be that way; they would not give us the solar
panels for free. Instead, they lent them to us with the expectation that we would repay
through the sale of water to the community. Therefore, we entered a three-year contract,
which included a grant of 30 million Tanzanian shillings. The repayment process is
ongoing. Once the loan is fully repaid, all profits generated will be used to benefit and
improve our water supply infrastructure”. (IDI 7, Iringa)

FGDs with pastoralists in Manyara further revealed that payment arrangements were
managed through the Local Water User Committee (Kamati ya Watumia Maji), which
coordinates the collection of contributions from community members based on the agreed
amount. This arrangement involves a formal three-year repayment contract under which
the NGO provides the solar system as a loan rather than a donation. Respondents explained
that repayment is made from revenues generated through water sales. Once the loan is
cleared, management of the solar system is transferred to the Water User Committee, which
collects revenues and reinvests them in improving local water infrastructure. One FGD
respondent narrates:

“OMASI and OIKOS collaborated with RUWASA, and we were connected and supplied
with a solar PV system. We agreed to pay for it; it was not free. We are paying in
instalments over a three-year period”. (FGD 1, Manyara)

4.2.3. Local Community Participation and Social Structures in the Solarisation Process

Survey findings reveal that the local community is involved in the planning and
implementation of the solarisation process. Table 1 summarises respondents’ views on
community participation in planning and implementing SPVWPS for agriculture across
the three case study areas. A total of 89% of respondents reported that the community
was involved in the solarisation process through several village meetings, whilst 70%
noted that all villagers were invited. However, 30% of respondents thought that only
some were invited. Additionally, 75% of respondents reported participating in fundraising
meetings, and 78% reported being involved in identifying project locations. However, in
Dodoma, only 42% participated in fundraising activities, whilst 58% reported not partici-
pating. This is because information regarding fundraising arrangements was not effectively
communicated to all community members. These findings show that local communities
are being engaged in the solarisation process through village meetings and contribute to
decision-making on the solar PV water-pumping projects for agricultural use. Overall,
whilst community participation is robust, its depth and consistency vary by region and
activity, depending on how information was disseminated to the community. This suggests
the need to strengthen inclusiveness and communication mechanisms among stakeholders
involved in the solarisation process.

Table 1. Local community involvement in the planning and implementation of SPVWPS.

Regions
Several Village

Meetings Everyone Invited Identify Location Fundraising
Meetings

Yes No Yes No Yes No Yes No

Dodoma 15 4 8 11 16 3 8 11

Iringa 19 3 14 8 19 2 12 5

Manyara 23 0 23 0 14 9 23 0

Total 57 7 45 19 49 14 44 15

Total% 89% 11% 70% 30% 78% 22% 75% 25%
Source: Field, 2023.
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Furthermore, FGDs with farmers in Iringa support the survey findings. In contrast,
they explained that they participated in manual work associated with SPV installation,
such as excavating, loading, and unloading materials for the construction of a water storage
tank. A FGD respondent explains:

“We participated in digging trenches from the pump house to the tank and preparing
the area for the construction of the storage tank. We also loaded and unloaded materials
during the construction of the water storage tank”. (FGD 1, Iringa)

Similar observations have been reported in Malawi, where villagers contribute un-
skilled labour during the construction of water projects, demonstrating community support
for local infrastructure development [95]. Likewise, Ahmar et al. [95] suggest that active
community participation in the planning and implementation phases enhances the adop-
tion and productive use of SPV technologies. Such engagement may enhance acceptance
and long-term security of SPVWPS, promoting a sense of ownership that enhances project
acceptability and sustainability [96–98].

Moreover, interviews with the SPV developer in Iringa revealed that the formation
of farming groups, the election of water committees, and the strengthening of existing
community groups were important during the planning and implementation of the SPV
project. The respondent reported that bylaws govern the formation of these groups, with
leaders elected during village assembly meetings. They also emphasise that the existence of
organised farming groups in an area is a key factor for SPV developers, particularly NGOs,
when selecting villages for solarisation. A respondent narrates:

“Ideally, we did not go to Lupembe-Lwasenga village to start something new; the people
were already engaged in irrigation schemes and had initiated a process to form farming
groups, although they were not yet formalised (i.e., not registered or did not have a
bank account). The crop buyer introduced us and began working with the community”.
(IDI 7, Iringa)

Further interview with the VEO in Lupembe village indicates that informal groups
are encouraged to formalise by registering with local authorities, opening a group bank
account, and appointing designated signatories. The respondent noted that villagers were
required to contribute an agreed amount to the account to support the maintenance of
the SPV system. In contrast, an interview with the RUWASA representative in Manyara
revealed that the water committee makes an advance payment directly to the project
developers. In contrast, in Iringa and Dodoma, individual group members contribute to
the group account monthly.

Furthermore, an interview with a key informant from Manyara District Council high-
lights the important role of traditional leaders, particularly elders, in influencing community
acceptance of SPVWPS. In this context, project developers often begin the implementation
process by engaging with traditional leaders, recognising their cultural and social influence
on their community. The respondent explained that among the Maasai, traditional leaders
known as Laigwanan play a central role in shaping community acceptance of the solarisation
process. The interviewee further explained that SPV developers begin by engaging and
educating these elders about the technology and its potential benefits. Once the Laigwanan
understand and endorse the initiative, they act as trusted intermediaries, communicating
information to the wider community in culturally appropriate ways. This approach fosters
smoother communication and enhances community buy-in. The interviewee elaborates:
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“Sometimes we use elders (Laigwanans) because of how our society is culturally con-
structed. If the elder is educated and understands, then he returns and communicates
to his society, and they understand him very well. If the elderly leader understands and
communicates with them (the villagers), the likelihood is that they will accept the project”.
(IDI 1, Manyara)

The involvement of local leaders (elders) underscores the value of culturally embedded
stakeholder engagement, where leveraging traditional authority helps bridge the gap
between external actors such as NGOs or SPV developers and rural communities. This
culturally grounded approach enhances trust, communication, and community acceptance
of SPVWPS. However, despite the strengths at the local level, gaps emerge when decisions
are forwarded to higher tiers of governance, where community influence tends to diminish.

Findings from FGDs revealed that, whilst villagers initially identify and communicate
their needs through village meetings, subsequent decisions are often made at district or
regional levels without further consultation. Once priorities are submitted, local gov-
ernment authorities (LGAs) revise them during council meetings and determine which
projects to implement first. Community involvement in this stage is limited, so that vil-
lagers may be unaware of the final decisions made at higher levels. A FGD participant in
Dodoma explains:

“Since launching the Kikombo irrigation project in this village to date, the project has
been formally handed to us. Government officials sometimes visit us, accompanied by
development partners, to gather information on the project’s challenges and opportunities.
However, they rarely follow up or give us feedback”. (FGD1, Dodoma)

In addition, the FGD respondents revealed that several village meetings play a crucial
role in awareness creation and deliberating on the introduction of SPV systems for agricul-
ture. Focus group respondents noted that they were invited to meetings through public
announcements and that village leaders encouraged them to attend. A respondent narrates:

“I heard about the solarisation from the village leader as I gave him a ride to somewhere
on my motorbike”. (FGD 1, Dodoma)

These findings align with previous studies suggesting that local governments often
implement centrally determined plans based on budgetary guidelines rather than commu-
nity priorities [27]. Although District Councils nominally delegate planning responsibilities
to lower administrative levels, real decision-making power remains at the central level,
thereby limiting participatory governance [52]. This disconnect highlights a persistent
tension between top-down administrative structures and the principles of bottom-up rural
development. Also, studies suggest that village meetings serve as an important platform
for community participation in decision-making [26].

Interactions among the three key stakeholders, namely SPV developers, decision-
makers, and the community, reflect a mix of top-down and bottom-up approaches; how-
ever, weak coordination of the SPVWP project for agriculture remains evident. The ab-
sence of feedback creates communication gaps that undermine project efficiency and trust
among beneficiaries. Strengthening feedback mechanisms, particularly during feasibility
assessments and project evaluations, is essential for ensuring that SPVWP projects remain
responsive to community needs and contribute to long-term sustainability.

4.3. Bottom-Up and Top-Down Approaches as Drivers of Change in Rural Areas

Building on the hierarchical levels of stakeholder engagement identified above, this
study categorises stakeholders into three key groups: community, policymakers, and devel-
opers. Each group performs a distinct role at different stages of the solarisation process.
Insights from the three study areas are illustrated in Figure 3a–d. The Figure shows that
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interactions among these actors shape the SPVWPS demand, availability, and operational ef-
ficiency, highlighting the systemic interdependence of bottom-up and top-down approaches
in planning and implementing SPVWPs in rural areas. The figures also illustrate how these
dual approaches shape technological performance, governance structures, and overall
project outcomes. These four governance models reflect varying degrees of hierarchical
coordination, stakeholder interconnectedness, and feedback integration.

Figure 3a illustrates the bottom-up approach, in which rural communities commu-
nicate their needs and priorities to policymakers after discussion at village meetings and
through the Ward Development Council. Following an evaluation and feasibility as-
sessment, the LGA collaborates with SPV developers to implement projects within the
community. In contrast, Figure 3b demonstrates the top-down approach, which aligns
with government development objectives, strategic plans, and budget allocations for rural
initiatives. Whilst this approach ensures that SPV interventions address urgent rural energy
needs, it often faces challenges related to community acceptance, operational efficiency,
and long-term sustainability.

Furthermore, Figure 3c illustrates a hybrid model that integrates both bottom-up
and top-down approaches. In this arrangement, community needs and priorities are
first identified through participatory processes, as shown in Figure 3a, whilst project
implementation depends on the outcomes of feasibility studies and the availability of
funding. The bottom-up approach supports local needs assessment, whilst the top-down
strategy guides the overall implementation and resource allocation. Figure 3d presents
a developer or partner-driven model, in which SPV developers, NGOs, or development
partners identify specific community challenges, propose technical solutions and a financial
model, and facilitate stakeholder consultations. Once a consensus is reached, stakeholders
submit the energy demand to the LGA for approval, coordination, and integration into local
plans and policies. Collectively, these governance pathways demonstrate that sustainable
SPV development in rural areas depends on the effective interaction between community-
driven demand, institutional coordination, and developer engagement. Balancing these
approaches enhances both the responsiveness and efficiency of solarisation initiatives for
agricultural development.

Overall findings indicate that effective solarisation in rural areas depends on the
coordinated interaction of all three stakeholder groups: communities, policymakers, and
developers. Integrating bottom-up and top-down approaches in planning and implementa-
tion enhances alignment between local needs whilst upholding institutional accountability.
Such a hybrid approach enhances implementation efficiency and promotes community
ownership of SPVWP systems for agricultural activities in rural areas.

Interviews’ evidence from key informants supports the interaction illustrated in
Figure 3, emphasising that district-level irrigation projects depend on community readi-
ness, a supportive environment, and an informed understanding of local priorities. The
interviewee explains:

“The implementation of irrigation projects at the district level depends on community readi-
ness, a supportive environment, and the identification of local needs and priorities. Village
and ward authorities initiate development projects, and the District Council subsequently
evaluates them and allocates funds based on community priorities and government
guidelines. Implementation follows the established LGA procedures”. (IDI 8, Dodoma)
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Figure 3. Categorisation of stakeholders and interaction between bottom-up and top-down approaches in the solarisation process.
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Despite this structured process, several systemic challenges persist, including financial
constraints, limited technical knowledge and skills, community acceptance, and sustain-
ability concerns. From a systems thinking perspective, these challenges reflect breakdowns
in feedback mechanisms and weak interconnectedness across hierarchical governance
levels, precisely the dynamics that undermine effective SPVWPS delivery in rural Tanzania.
Studies suggest that strategic and inclusive electrification programmes should be tailored
to local contexts by combining customised SPV systems with targeted appliances, training,
and capacity-building initiatives delivered collaboratively by developers and government
agencies [99]. Such integration enhances the productive use of electricity in the agricultural
sector. The World Bank [100] notes that bottom-up approaches provide more accurate local
demand forecasts, whilst top-down strategies offer financial and institutional support for
large-scale implementation. However, an overreliance on top-down decision-making risks
overlooking local contexts and misaligning interventions with community needs [101].
Integrating both approaches is therefore vital for effective planning, inclusive participation,
and sustainable rural energy delivery [40].

5. Development of an Improved Framework for SPVWP Delivery in
Rural Agricultural Activities

Drawing insights from the preceding analysis of institutional coordination, community
participation, governance, and stakeholder interactions, this section develops a conceptual
framework to guide the planning and implementation of SPVWPS for agricultural activities
in rural areas. The framework combines systems thinking, specifically the concepts of
hierarchy, interconnectedness, and feedback, with bottom-up and top-down approaches to
support a more integrated strategy for SPVWP delivery in rural areas. Figure 4 presents
the proposed framework depicting key stakeholders and their roles and responsibilities.
The framework proposes stronger coordination to support more effective planning and
implementation of SPVWPS across the study areas. It also emphasises that strong hori-
zontal communication, coordination, and feedback among stakeholders are essential for
improving SPVWP delivery and improving water access for agricultural use in rural areas.

The proposed framework adopts a systems-thinking perspective to illustrate the inter-
connection and interdependence among stakeholders involved in the solarisation process.
Arrows illustrate communication between different levels and stakeholders within the
framework. Solid red arrows show the proposed interactions and essential linkages that
require strengthening among institutions and their respective offices at the regional and dis-
trict levels. Coordination among these key stakeholders responsible for energy, water, and
agricultural activities is important for delivering solar energy for productive use in the rural
areas. Similarly, red arrows within LGAs indicate limited feedback from District Councils
to villagers during SPV implementation, a gap that requires strengthening. In addition,
poor inter-agency communication leads to the independent provision of solar energy and
water services, undermining the PUE in agriculture and reinforcing scholarly arguments
that energy access alone cannot improve rural socio-economic well-being [69,101].

Therefore, the proposed framework calls for stronger coordination and interrela-
tionships between REA NIRC, DLD, and RUWASA to ensure coherent planning, resource
allocation, and shared progress toward rural development objectives. Establishing feedback
mechanisms between these institutions and LGAs promotes alignment and integrated ser-
vice delivery. Furthermore, regulatory bodies such as the National Water Board and Basin
Water Boards play a crucial role in ensuring equitable and sustainable water use [79,89].
Ultimately, systematic coordination across all stakeholders, including government agen-
cies, the private sector, NGOs, and community-based organisations, is essential to reduce
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duplication, enhance accountability, and deliver sustainable energy–water services that
support agricultural productivity and rural livelihoods [102].

Moreover, the proposed framework illustrates a streamlined implementation process
in which SPV developers engage directly with community administrative leaders and
village representatives, reducing procedural delays whilst maintaining the oversight role
of ward and village councils. This approach strengthens stakeholder communication and
supports transparent, responsive implementation. However, overlapping mandates and
responsibilities within the local government structure continue to prolong SPV project
implementation in Tanzania [26,69].

The feasibility study conducted by the government authority at the district level is
a prerequisite for project implementation, providing a foundation for informed decision-
making and effective resource allocation. As reported by the interviewee, after gathering
community needs and priorities, District or Regional Councils assess project costs, economic
viability, and potential environmental impacts to ensure that SPVWPS benefit the majority.
Conversely, interviews revealed that private SPV developers and NGOs conduct embedded
feasibility studies or risk assessments to evaluate community readiness and the long-term
sustainability of projects. These actors often leverage the local potential, such as organised
farming groups, reliable water sources, and community willingness to participate, as deci-
sive factors in site selection. This approach aligns with Bhattacharyya and Srivastava [103],
who emphasise that local energy needs, resource availability, economic conditions, and
socio-cultural contexts shape rural operational frameworks. Similarly, Szabó et al. [104]
highlight that aligning technological choices with agricultural practices enhances project
success, whilst Pueyo and Maestre [105] stress that embedding community priorities into
feasibility assessments strengthens ownership and sustainability. Moner-Girona et al. [106]
further note that integrating socio-economic and environmental dimensions into planning
increases the resilience of SPV projects in rural agricultural settings.

Prior to finalisation, the proposed framework underwent structured expert validation.
Three purposively selected experts, a local SPV developer, a representative from the MoE,
and a representative from TAREA independently evaluated the framework against criteria
including clarity, completeness, logical consistency, policy relevance, and practical applica-
bility. The validation exercise confirmed the framework’s relevance and applicability to
rural energy–water–agriculture governance in Tanzania.

Given the limited resources available for rural development, integrating the energy,
water, and agriculture sectors is crucial for achieving sustainable development outcomes.
Such integration creates a unified roadmap for planning and implementing rural energy
projects to improve agricultural productivity and socio-economic well-being [107]. Tanza-
nia’s Integrated Rural Electrification Planning (IREP) approach, outlined in the National
Electrification Program Prospectus, introduced a geospatial, impact-driven methodology
that prioritises areas with the highest development potential [108], thereby offering a
strategic basis for aligning electrification with broader agricultural development goals.
However, weak coordination among REA, RUWASA, and NIRC has hindered the effective
integration of grid and off-grid planning for agricultural development. Strengthening
collaboration and feedback mechanisms between these agencies and LGAs can improve
planning coherence and ensure that SPVWP projects meet community agricultural needs.
Evidence from other developing countries indicates that poor institutional coordination
hinders long-term sustainability, whilst integrated governance frameworks promote adop-
tion and lasting success [109,110]. Therefore, strengthening the energy–water nexus for
agricultural activities in rural Tanzania is pivotal to realising the full potential of SPVWPS
and advancing progress towards SDG 7 (Affordable and Clean Energy) and SDG 2 (Zero
Hunger) in rural sub-Saharan Africa.
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Figure 4. Proposed conceptual framework for SPVWPS planning and implementation in rural areas. Solid red arrows indicate the key institutional interactions and
linkages that require strengthening at the regional and district levels.
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6. Discussion
The study findings indicate that the SPVWP projects promoting agricultural activi-

ties in rural Tanzania are hindered by fragmented institutional coordination and limited
feedback among stakeholders. This study did not evaluate the full technical or economic
efficiency of SPVWPS; instead, it focused on institutional frameworks, stakeholder inter-
actions, planning, and implementation processes that shape outcomes. Within this scope,
the results suggest that limited coordination and fragmented communication among stake-
holders constrain the effective integration of solar energy and water systems for productive
use in agricultural activities in rural areas.

The identified gaps in communication and coordination among institutions responsi-
ble for rural electrification, water service provision, and irrigation and livestock activities,
including REA, RUWASA, NIRC, and DLD, show how sectoral silos undermine the inte-
grated planning and implementation of rural development projects. Similarly, governance
challenges have been widely documented in the decentralised renewable energy and
water–energy–food nexus literature, where weak inter-agency collaboration limits the
PUE despite available resources [16,24]. Evidence from Tanzania and other sub-Saharan
African contexts suggests that misalignment between sectoral mandates frequently results
in projects that achieve electrification targets without delivering sustained agricultural or
water-related benefits [45–47,111]. These findings align with broader analyses that identify
institutional fragmentation, rather than technological limitations, as a critical constraint to
rural development outcomes [51,112].

The findings further indicate that the effectiveness of bottom-up planning diminishes
when feedback mechanisms remain weak or absent, resulting in limited community visi-
bility into how locally articulated priorities influence final development decisions. This
suggests that community participation alone does not guarantee meaningful inclusion
unless it is supported by a feedback mechanism across governance levels. This observation
aligns with previous studies showing that weak feedback processes reduce the effective-
ness of participatory planning and limit accountability across governance levels [27,40,113].
Further empirical evidence from East Africa and South Asia shows that hybrid governance
arrangements perform more effectively than exclusively centralised models in sustaining
decentralised renewable energy interventions [114,115]. Similarly, integrating bottom-up
and top-down approaches fosters inclusivity, accountability, and adaptive learning within
decentralised energy governance frameworks [38,40,116]. Community involvement in
decision-making strengthens local ownership and system reliability, ultimately improving
the long-term sustainability of SPVWPS in rural contexts.

Furthermore, the findings show that local government planning frameworks in Tanza-
nia are formally designed to operate through participatory and community-based processes,
whereby project initiatives originate at the local level and move upward through administra-
tive structures. However, this formal design does not necessarily translate into meaningful
participation in practice, as communication often weakens once communities submit their
priorities to higher levels. As a result, the credibility and practical value of community
involvement diminish during later stages of planning and implementation. This pattern is
consistent with findings from the decentralisation and rural development literature, which
show that central government priorities frequently override locally endorsed plans, thereby
reducing implementation effectiveness [26,102,116]. This dynamic, in which community-
level priorities lose influence as decisions move from the local to district, regional, and
national levels, emerges as a critical governance challenge for energy and water interven-
tions aimed at productive use in rural agricultural activities. The integrated framework
proposed in Section 5 directly addresses this challenge by embedding structured feedback
mechanisms and joint planning processes across all governance levels.
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From a systems thinking perspective, energy and water provision for agricultural
activities constitutes an interconnected socio-economic system in which stakeholders,
institutions, and resources interact dynamically. Systems thinking emphasises interde-
pendencies, interconnectedness, and feedback loops across institutional levels as key de-
terminants of system performance [42,60]. The study shares findings that corroborate
those of previous studies: weak feedback mechanisms do not necessarily undermine
immediate project functionality but pose substantial risks to long-term sustainability, par-
ticularly with respect to system maintenance and stakeholder ownership [63,109]. This
dimension is relevant for SPVWPS, where initial operational success may obscure deeper
governance-related vulnerabilities.

Although governance, coordination, and stakeholder interaction factors are central
to the findings, alternative explanations warrant consideration. Technical system design,
financing mechanisms, and post-installation support arrangements also influence SPVWPS
performance as documented in studies from other contexts [10,12,117]. These factors fall
outside the scope of the present institutional analysis but remain important determinants
of system outcomes. The findings from the rural districts of Manyara, Dodoma, and Iringa
reflect Tanzania’s specific institutional governance context, as manifested in the solarisation
process. However, challenges such as sectoral fragmentation, inadequate feedback mecha-
nisms, limited community involvement, and poor coordination between the energy, water,
and agriculture sectors mirror trends observed across other SSA settings [64,110]. There-
fore, the study offers insights applicable to comparable rural settings where decentralised
renewable energy systems support productive agricultural activities, subject to variations
in institutional and policy frameworks.

7. Conclusions
This study examines how institutional frameworks shape the planning and implemen-

tation of SPVWPS for agricultural activities in rural Tanzania. The study found that the
existing institutional arrangement limits SPVWPS outcomes through fragmented mandates,
overlapping administrative structures, and weak intersectoral coordination, resulting in
incoherent planning and implementation of SPVWP projects for agriculture. Limited col-
laboration among the rural electrification, water, and agricultural sectors constrains the
effective integration of solar energy and water systems for productive use in rural contexts.
Although decentralised governance structures exist in principle, their operationalisation
remains constrained by inadequate inter-agency communication and overlapping roles
and responsibilities, undermining coherent planning and resource allocation. Strengthen-
ing these institutional linkages is therefore fundamental to achieving coherent, integrated
cross-sectoral delivery of energy and water solutions that enhance agricultural productivity.

The study further concludes that systemic coordination barriers limit the effective-
ness of both bottom-up and top-down approaches in planning and implementation of
SPV projects. Whilst the community articulates their priorities through a participatory
planning framework, their influence diminishes during implementation due to limited feed-
back mechanisms, centralised financial control, and misaligned budgeting decisions. This
shortcoming reduces the responsiveness of solarisation initiatives to community agricul-
tural needs. Bridging this disconnect requires institutionalising iterative feedback systems
that link local priorities with district, regional, and national planning, thereby promoting
adaptive governance capable of learning and responding to community needs.

The study proposes an integrated framework that combines systems thinking with
bottom-up and top-down approaches as a practical pathway for improving institutional
coordination and communication among stakeholders in rural solarisation. Unlike existing
frameworks that treat governance and technology as separate concerns, the proposed
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framework explicitly embeds a feedback mechanism, aligns stakeholder roles and responsi-
bilities, and integrates community participation across all planning and implementation
stages. The framework suggests that solarisation for productive use depends on aligning
roles and responsibilities, embedding structured feedback mechanisms, and strengthening
local capacity for operation and maintenance. Improving collaboration among government
agencies, particularly REA, RUWASA, and NIRC, development partners, and the rural
community can unlock the productive use potential of decentralised solar energy systems
for agricultural activities. This holistic approach supports SPVWP project sustainability
and broader social–economic initiatives in rural areas.

Whilst this study primarily focuses on institutional and governance dimensions, it
recognises that technical design, financing, and post-installation management also shape
SPVWPS outcomes; these issues warrant further empirical attention. The case study ev-
idence from rural districts in Manyara, Dodoma, and Iringa limits direct generalisation;
however, the institutional challenges identified, particularly fragmented institutional man-
dates, weak inter-agency collaboration, and limited community feedback during planning
and implementation, are characteristic of decentralised renewable energy initiatives in
many rural settings across SSA and Asian contexts. Consequently, the insights generated
are analytically transferable to similar decentralised renewable energy settings, provided
institutional and policy variations are considered.

The analytical framework combining systems thinking and bottom-up/top-down
approaches proves relevant in explaining these findings. Applying systems thinking
perspectives, the study captures the interdependencies among the energy, water, and agri-
culture sectors and highlights how weak feedback mechanisms and fragmented mandates
create planning and implementation delays. The integration of bottom-up and top-down
approaches enables a clear understanding of vertical and horizontal coordination gaps
across administrative levels. Therefore, the framework shapes the analysis beyond descrip-
tive cases and provides a structured explanation of the institutional dynamics shaping rural
solarisation outcomes.

Overall, the study underscores that improving planning and implementation of
SPVWPS for agricultural productivity extends beyond technological deployment. Strength-
ening institutional coordination, reinforcing feedback mechanisms, and aligning bottom-up
and top-down planning processes are essential for ensuring that energy–water initiatives
deliver sustained socio-economic benefits in rural areas.

Author Contributions: Conceptualization, O.G.; methodology, O.G.; software, O.G.; validation,
O.G.; formal analysis, O.G.; investigation, O.G.; writing—original draft preparation, O.G.; writing—
review and editing, O.G., W.D., S.P., W.K. and G.V.; supervision, W.D., S.P., W.K. and G.V.; project
administration, G.V. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by special research fund of Hasselt University, Belgium and
Ardhi University, Tanzania.

Institutional Review Board Statement: Ethical review and approval were waived for this study
due to the use of anonymous data that does not involve personal identifiers, in accordance with
the National Health Research Ethics Committee (NatHREC) Standard Operating Procedures (SOPs),
Version 3.0, April 2023 (p. 77), which explicitly exempts the analysis of de-identified, publicly
available data from ethics review.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to confidentiality requirements since the results are part of the ongoing
PhD thesis.

https://doi.org/10.3390/su18115736



Sustainability 2026, 18, 5736 25 of 33

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
The following abbreviations are used in this manuscript:

CBWSO Community-Based Water Supply Organisation
DAICO District Agriculture, Irrigation, and Cooperative Officer
DLD Directorate of Livestock Development
FGD Focus Group Discussion
IREP Integrated Rural Electrification Planning
LGA Local Government Authority
MLF Ministry of Livestock and Fisheries
MoA Ministry of Agriculture
MoE Ministry of Energy
MoW Ministry of Water
NIRC National Irrigation Commission
PO-RALG President’s Office–Regional Administration and Local Government
PUE Productive Use of Energy
REA Rural Energy Agency
RUWASA Rural Water Supply and Sanitation Agency
SD System Dynamics
SPV Solar Photovoltaic
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Appendix A

Figure A1. Map of solar power potential in Tanzania obtained from the Global Solar Atlas 2.0, a
free, web-based application developed and operated by Solargis s.r.o. on behalf of the World Bank
Group (ESMAP). Additional information can be found at https://globalsolaratlas.info (accessed on
12 March 2026). Source: ESMAP (2020).
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Appendix B

Table A1. Demographic information of respondents.

In-Depth Interviews Sex Education Age Group

Respondents Region F M None PL OL D/C 20–29 30–39 40–49 50–59 60+

IDI 9 Dodoma ✓ ✓ ✓

IDI 8 Dodoma ✓ ✓ ✓

IDI 5 Iringa ✓ ✓ ✓

IDI 6 Iringa ✓ ✓ ✓

IDI 7 Iringa ✓ ✓ ✓

IDI 1 Manyara ✓ ✓ ✓

IDI 2 Manyara ✓ ✓ ✓

IDI 3 Manyara ✓ ✓ ✓

IDI 4 Manyara ✓ ✓ ✓

Focus Group Discussion Sex Education Age Group

Group Region No. of
participants F M None PL OL D/C 20–29 30–39 40–49 50–59 60+

FGD1 Dodoma 6 2 4 0 4 2 0 2 3 1 1 0

FGD2 Dodoma 7 3 4 1 6 0 0 0 1 2 3 1

FGD1 Iringa 6 3 3 0 3 3 0 3 1 0 1 0

FGD2 Iringa 6 1 5 0 5 1 0 3 1 1 1 0

FGD3 Iringa 10 10 0 1 8 0 1 0 4 3 2 1

FDG1 Manyara 7 4 3 0 6 1 0 0 1 5 1 0

FDG2 Manyara 6 3 3 1 5 0 0 0 1 5 0 0

Total 26 22 3 37 7 1 8 12 17 9 2

Questionnaire Surveys

Regions
Sex Education Employment Age Total

F M None PL OL D/C FT CL (Mean) Std
Dev.

Dodoma 8 12 7 10 2 1 18 2 39 37 20

Iringa 14 8 1 15 5 1 22 0 37 37 22

Manyara 10 13 8 14 1 0 23 0 43 43 23

Total 32 33 16 39 8 2 63 2 65
Notes: F = female, M = male, None = did not attend formal training, PL = primary level, OL = ordinary level,
D/C= diploma or certificate, FT = full-time, CL = casual labourer.

https://doi.org/10.3390/su18115736



Sustainability 2026, 18, 5736 27 of 33

Appendix C

Table A2. Selection of case study areas/projects.

Case Project Area Region Type of
Renewable

Generation
Capacity (kWp)

Customer
Served Customer Usage Registration

Date Remarks Case Study

1 Itaswi Village,
Chemba District Dodoma Solar PV 6.39 64

Distribution and sales to
users located in the

off-grid household use
2017 Operational Disqualified

2 London Village,
Manyoni District Singida

Hybrid
mini-grid (Solar

PV & Diesel
Genset)

16 210 Household use and water
pumping for Household 2018

Low operational
due to new tariff

directives

Disqualified
during pilot

study

3
Ilolo-Kikombo

village, Chamwino
District

Dodoma Solar PV 7.41 32 Borehole; Solar-powered
pump for irrigation use 2020 Operational Qualified

4 Kwa Mtoro Village,
Kondoa District Dodoma Solar PV 9.5 87

Distribution and sales to
users located in the

off-grid household use
2017 Operational Disqualified

5
Ololosokwan

Village, Ngorongoro
District

Arusha Solar PV 6 94
Distribution and sales to

users located in the
off-grid household use

2017
Not operational

during data
collection

Disqualified

6 Soitsambu Village,
Ngorongoro District Arusha Solar PV 6 67

Distribution and sales to
users located in the

off-grid household use
2017

Not operational
during data
collection

Disqualified

7
Loswaki village,

Terat ward,
Simanjiro District

Manyara Solar PV 7.5 Estimated 2000
Borehole; Solar-powered
pump for Livestock and

Home gardens
2018 Operational Qualified

8 Dongo kiteto Manyara Solar PV 3.5 Estimated 200

Distribution and sales to
users located in the

off-grid household use
and small business such
as barbers hops, tailoring

and charging phones

2016
Low operational
due to new tariff

directives

Disqualified
during pilot

study
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Case Project Area Region Type of
Renewable

Generation
Capacity (kWp)

Customer
Served Customer Usage Registration

Date Remarks Case Study

9

Orkejuloongishu
Village, Ketumbeine

Ward, Longido
District

Arusha Solar PV 15.6 81
Distribution and sales to

users located in the
off-grid household use

2016
Low operational
due to new tariff

directives
Disqualified

10
Lupembe Lwasenga

Village, Iringa
District Council

Iringa Solar PV 14.8 36
Rivers and Borehole;

Solar-powered pumps for
irrigation

2020 Operational Qualified

11
Lukuba/Etaro

Village, Musoma
District

Musoma Solar PV 10 155
Distribution and sales to

users located in the
off-grid household use

2020
Low operational
due to imposed

tariffs
Disqualified

12 Msolwa - Kilosa
District Morogoro Hydro 995 1 Individual farm 2019 Operational Disqualified

https://doi.org/10.3390/su18115736



Sustainability 2026, 18, 5736 29 of 33

References
1. Lwakatare, B.; Vyavahare, P.; Mehta, K.; Zörner, W. Electrification Planning for Off-Grid Communities in Sub-Saharan Africa:

Advancing Energy Access. Energies 2024, 17, 5994. [CrossRef]
2. Babayomi, O.O.; Olubayo, B.; Denwigwe, I.H.; Somefun, T.E.; Adedoja, O.S.; Somefun, C.T.; Olukayode, K.; Attah, A. A review of

renewable off-grid mini-grids in Sub-Saharan Africa. Front. Energy Res. 2023, 10, 1089025. [CrossRef]
3. Cozzi, L.; International Energy Agency. World Energy Outlook 2020. 2020. Available online: https://www.oecd-

ilibrary.org/energy/world-energy-outlook-2020_557a761b-en (accessed on 12 March 2026).
4. Dunmade, I. Community/shared solar power option: A pathway to sustainable rural electrification in Nigeria. Agron. Res. 2021,

19, 1734–1746.
5. Gaul, M.; Schroder, M.; Christian, B.; Matthias, S.; Ulrich, A.; Victoria, L. The Impact of Rural Electrification—Results of the 2013–2019

Impact Monitoring of the Investments in Rural Electrification in West Nile Sub-Region, Uganda; KfW Development Bank: Frankfurt,
Germany, 2019.

6. Toman, M.; Peters, J. Rural Electrification: How Much does Sub-Saharan Africa Need the Grid? 2017. Available online:
https://blogs.worldbank.org/en/developmenttalk/rural-electrification-how-much-does-sub-saharan-africa-need-grid#: :text=
An%20additional%2020%20billion%20USD,capacity%20to%20meet%20growing%20demand (accessed on 12 March 2026).

7. Wang, X.; Wang, H.; Ahn, S.-H. Demand-side management for off-grid solar-powered microgrids: A case study of rural
electrification in Tanzania. Energy 2021, 224, 120229. [CrossRef]

8. FAO. The Future of Food and Agriculture: Trends and Challenges. 2017. Available online: http://siteresources.worldbank.org/IN
TARD/825826-1111044795683/20424536/Ag_ed_Africa.pdf%0Awww.fao.org/ (accessed on 12 March 2026).

9. Aliyu, M.; Hassan, G.; Said, S.A.; Siddiqui, M.U.; Alawami, A.T.; Elamin, I.M. A review of solar-powered water pumping systems.
Renew. Sustain. Energy Rev. 2018, 87, 61–76. [CrossRef]

10. Chilundo, R.J.; Mahanjane, U.S.; Neves, D. Design and Performance of Photovoltaic Water Pumping Systems: Comprehensive
Review towards a Renewable Strategy for Mozambique. J. Power Energy Eng. 2018, 6, 32–63. [CrossRef]

11. Contejean, A.; Verin, L.; Contejean, A.; Verin, L. Making Mini-Grids Work Productive Uses of Electricity in Tanzania London.
2017. Available online: http://pubs.iied.org/16632IIED (accessed on 12 March 2026).

12. Kafle, A.K.; Uprety, L.; Shrestha, G.; Pandey, V.; Mukherji, A. Solarizing Agriculture? Barriers and Determinants of Solar Irriga-
tion Adoption in Nepal. 2022. Available online: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4002338 (accessed on
3 August 2023).

13. ITU; Food and Agriculture Organization of the United Nations. Status of Digital Agriculture in 47 Sub-Saharan African Countries;
FAO: Rome, Italy, 2022. [CrossRef]

14. Bukari, D.; Kemausuor, F.; Quansah, D.A.; Adaramola, M.S. Towards accelerating the deployment of decentralised renewable
energy mini-grids in Ghana: Review and analysis of barriers. Renew. Sustain. Energy Rev. 2021, 135, 110408. [CrossRef]

15. Alaofè, H.; Burney, J.; Naylor, R.; Taren, D. Solar-Powered Drip Irrigation Impacts on Crops Production Diversity and Dietary
Diversity in Northern Benin. Food Nutr. Bull. 2016, 37, 164–175. [CrossRef]

16. Lefore, N.; Closas, A.; Schmitter, P. Solar for all: A framework to deliver inclusive and environmentally sustainable solar irrigation
for smallholder agriculture. Energy Policy 2021, 154, 112313. [CrossRef]

17. Schmitter, P.; Kibret, K.S.; Lefore, N.; Barron, J. Suitability mapping framework for solar photovoltaic pumps for smallholder
farmers in sub-Saharan Africa. Appl. Geogr. 2018, 94, 41–57. [CrossRef]

18. Pardoe, J.; Conway, D.; Namaganda, E.; Vincent, K.; Dougill, A.J.; Kashaigili, J.J. Climate change and the water–energy–food
nexus: Insights from policy and practice in Tanzania. Clim. Policy 2017, 18, 863–877. [CrossRef]

19. Hoff, H. Understanding the Nexus. In Background Paper for the Bonn2011 Conference: The Water, Energy and Food Security Nexus;
Stockholm Environment Institute: Stockholm, The Netherlands, 2011; pp. 1–52.

20. Granit, I. Solar Energy Within the Water-Energy-Food Security Nexus: A Systematic Review. Environ. Netw. J. 2021, 1, 5.
21. Dijk, A.L.K.-V. The role of energy in creating opportunities for income generation in the Indian Himalayas. Energy Policy 2012,

41, 529–536. [CrossRef]
22. Rasul, G.; Neupane, N. Improving Policy Coordination Across the Water, Energy, and Food, Sectors in South Asia: A Framework.

Front. Sustain. Food Syst. 2021, 5, 602475. [CrossRef]
23. Weitz, N.; Strambo, C.; Kemp-Benedict, E.; Nilsson, M. Closing the governance gaps in the water-energy-food nexus: Insights

from integrative governance. Glob. Environ. Change 2017, 45, 165–173. [CrossRef]
24. Srigiri, S.R.; Dombrowsky, I. Analysing the Water-Energy-Food Nexus From a Polycentric Governance Perspective: Conceptual

and Methodological Framework. Front. Environ. Sci. 2022, 10, 725116. [CrossRef]
25. Babeiya, E. Local Government in Tanzania and the Legacy of a Faulty Takeoff. Afr. Rev. A J. Afr. Politics Dev. Int. 2016, 43, 128–160.
26. Fjeldstad, O.-H.; Lucas, K.; Erasto, N. Planning in Local Government Authorities in Tanzania: Bottom-Up Meets Top-Down; REPOA:

Dar es Salaam, Tanzania, 2010; p. 18.

https://doi.org/10.3390/su18115736



Sustainability 2026, 18, 5736 30 of 33

27. Mwasaga, B.G. Inter-Governmental Relations Between Central Government and Local Government Authorities in Tanzania.
Int. J. Soc. Sci. Hum. Res. 2021, 4, 2905–2913. [CrossRef]

28. Rugaimukamu, K.; Shauri, N.E.; Mazigwa, R.C. The Political Economy Analysis of Institutional Barriers to Rural Electrification in
Tanzania. Open J. Soc. Sci. 2023, 11, 275–310. [CrossRef]

29. Bizimana, J.-C.; Yalew, B.B.; Assefa, T.T.; Belay, S.A.; Degu, Y.M.; Mabhaudhi, T.; Reyes, M.R.; Prasad, P.V.V.; Tilahun, S.A.
Simulating Potential Impacts of Solar MajiPump on the Economy and Nutrition of Smallholder Farmers in Sub-Humid Ethiopia.
Water 2023, 15, 4003. [CrossRef]

30. Negera, M.; Dejen, Z.A.; Melaku, D.; Tegegne, D.; Adamseged, M.E.; Haileslassie, A. Agricultural Productivity of Solar Pump and
Water Harvesting Irrigation Technologies and Their Impacts on Smallholder Farmers’ Income and Food Security: Evidence from
Ethiopia. Sustainability 2025, 17, 1486. [CrossRef]

31. Shrestha, G.; Uprety, L.; Khadka, M.; Mukherji, A. Technology for whom? Solar irrigation pumps, women, and smallholders in
Nepal. Front. Sustain. Food Syst. 2023, 7, 1143546. [CrossRef]

32. Pueyo, A.; Carreras, M.; Ngoo, G. Exploring the linkages between energy, gender, and enterprise: Evidence from Tanzania.
World Dev. 2020, 128, 104840. [CrossRef]

33. Aly, A.; Moner-Girona, M.; Szabó, S.; Pedersen, A.B.; Jensen, S.S. Barriers to Large-scale Solar Power in Tanzania. Energy Sustain.
Dev. 2019, 48, 43–58. [CrossRef]

34. Ugwoke, B.; Sulemanu, S.; Corgnati, S.; Leone, P.; Pearce, J. Demonstration of the integrated rural energy planning framework for
sustainable energy development in low-income countries: Case studies of rural communities in Nigeria. Renew. Sustain. Energy
Rev. 2021, 144, 110983. [CrossRef]

35. Cruickshank, H.; Hayhurst, R.; Hurley-Dépret, M. The Smart Villages Initiative: Findings; Smart Villages: Abingdon, UK, 2017.
36. Bendtsen, E.B.; Clausen, L.P.W.; Hansen, S.F. A review of the state-of-the-art for stakeholder analysis with regard to environmental

management and regulation. J. Environ. Manag. 2021, 279, 111773. [CrossRef]
37. Timilsina, G.; Pang, J.; Yang, X. Linking Top-Down and Bottom-Up Models for Climate Policy Analysis: The Case of China. 2019.

Available online: http://www.worldbank.org/prwp (accessed on 12 March 2026).
38. Pahl-Wostl, C. Governance of the water-energy-food security nexus: A multi-level coordination challenge. Environ. Sci. Policy

2019, 92, 356–367. [CrossRef]
39. Donella, M. Thinking in Systems; Earthscan: London, UK; Sterling, VA, USA, 2008; ISBN 978-1-84407-726-7.
40. Heap, B. Smart Villages Initiative: New Thinking for Off-Grid Communities Worldwide; Banson/Smart Villages Initiative: Abingdon,

UK, 2015. Available online: https://www.e4sv.org/wp-content/uploads/2015/07/Smart-Villages-New-Thinking-for-Off-grid-
Comunities-Worldwide.pdf (accessed on 12 March 2026).

41. Brisbois, M.C. Decentralised energy, decentralised accountability? Lessons on how to govern decentralised electricity transitions
from multi-level natural resource governance. Glob. Transit. 2020, 2, 16–25. [CrossRef]

42. Ansell, C.; Gash, A. Collaborative Governance in Theory and Practice. J. Public Adm. Res. Theory 2008, 18, 543–571. [CrossRef]
43. Cejudo, G.M.; Michel, C.L. Addressing fragmented government action: Coordination, coherence, and integration. Policy Sci. 2017,

50, 745–767. [CrossRef]
44. Ahlborg, H.; Hammar, L. Drivers and barriers to rural electrification in Tanzania and Mozambique—Grid-extension, off-grid, and

renewable energy technologies. Renew. Energy 2014, 61, 117–124. [CrossRef]
45. Ostrom, E. Polycentric systems for coping with collective action and global environmental change. Glob. Environ. Change 2010,

20, 550–557. [CrossRef]
46. Joshi, L.; Choudhary, D.; Kumar, P.; Venkateswaran, J.; Solanki, C.S. Does involvement of local community ensure sustained

energy access? A critical review of a solar PV technology intervention in rural India. World Dev. 2019, 122, 272–281. [CrossRef]
47. Sisto, R.; Lopolito, A.; van Vliet, M. Stakeholder participation in planning rural development strategies: Using backcasting to

support Local Action Groups in complying with CLLD requirements. Land Use Policy 2018, 70, 442–450. [CrossRef]
48. Mai, T.; Cole, W.; Gates, N.; Greer, D. The prospective impacts of 2019 state energy policies on the U.S. electricity system. Energy

Policy 2021, 149, 112013. [CrossRef]
49. Likwelile, S.; Pascal, A. Tanzania Instituional Diagnostic. In Decentralisation and Development in Tanzania; Likwelile, S., Assey, P.,

Gunning, J.W., Eds.; Economic Development and Institutions: Oxford, UK, 2018; pp. 1–28.
50. Hidayah, S.N.; Rarasati, A.D. Stakeholder management in sustainable rural electrification program: A review. IOP Conf. Ser.

Mater. Sci. Eng. 2020, 830, 2. [CrossRef]
51. Glenn, P.; Jenkins, G. A Stakeholder Analysis of Investments for Wind Power Electricity Generation in Ontario; Queen’s University

Department Working Paper; Pejman Bahramian Department of Economics: Kingston, ON, Canada, 2020; p. 1442.
52. Rumonge, B.R. Stakeholders’ Perception of Socio-Economic Benefits of Rural Electrification Programme in Rwanda. 2017.

Available online: http://dr.ur.ac.rw/handle/123456789/248 (accessed on 4 November 2024).
53. Rahmani, S.; Murayama, T.; Nishikizawa, S.; Suwanteep, K. Assessing the post-construction support for solar water-pumping

systems in rural communities in Indonesia. Environ. Dev. Sustain. 2024, 28, 793–812. [CrossRef]

https://doi.org/10.3390/su18115736



Sustainability 2026, 18, 5736 31 of 33

54. Kirubi, C.; Jacobson, A.; Kammen, D.M.; Mills, A. Community-Based Electric Micro-Grids Can Contribute to Rural Development:
Evidence from Kenya. World Dev. 2009, 37, 1208–1221. [CrossRef]

55. Cooksey, B.; Kikula, I. When Bottom-Up Meets Top-Down: The Limits of Local Participation in Local Government Planning in Tanzania;
Mkuki Na Nyota Publishers: Da Es Salaam, Tanzania, 2005.

56. Barlas, Y. System dynamics: Systemic feedback modeling for water resources management. In Proceedings of the DSİ International
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