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Abstract: The transition to a green economy requires more than rapid deployment of renewable 

generation; it requires institutional arrangements that convert clean-energy investment into inclusive 

local development. Rural communities are especially important because they often combine strong 

renewable-resource potential with energy-access gaps, dispersed infrastructure, limited finance, weak 

maintenance ecosystems, and livelihood vulnerability. This paper develops a Community-Centred 

Renewable Energy Adoption Framework (CC-REAF) for linking decentralized renewable energy with 

sustainable rural development. The study uses a structured integrative review and framework-synthesis 

approach drawing on recent peer-reviewed research and evidence from international agencies. The 

synthesis identifies six recurrent conditions for durable community energy outcomes: participatory co-

design and local ownership; fit-for-place technology selection; inclusive and predictable finance; 

integration of productive energy uses; local skills, operations and maintenance; and multi-level 

governance supported by transparent digital monitoring. The proposed framework connects these 

conditions to four outcome domains: energy affordability and reliability, rural enterprise and income, 

green employment and human capital, and environmental performance. Evidence from recent 

community-energy studies and development programmes suggests that renewable-energy projects 

produce stronger and more persistent development benefits when communities participate in decisions, 

economic uses of electricity are designed alongside supply infrastructure, and benefit-sharing and 

maintenance responsibilities are explicit. The paper concludes with an implementation lifecycle, policy 

recommendations, an SDG mapping, and a set of indicators for future empirical validation. The 

framework is intended as a practical bridge between renewable-energy deployment and an inclusive 

green-economy transition in rural settings. 
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I. INTRODUCTION 

The global energy transition is entering a phase in which deployment scale must be matched by questions of 

distribution, ownership, livelihoods and institutional capacity. Renewable power is expanding rapidly: the International 

Energy Agency projects that global renewable power capacity will increase by almost 4,600 GW between 2025 and 

2030, with solar photovoltaic technologies accounting for most of the expansion [3]. At the same time, the social and 

economic footprint of the transition is already substantial. IRENA and the ILO estimate that renewable energy directly 

and indirectly supported 16.6 million jobs in 2024, compared with 7.3 million in 2012 [4]. These trends demonstrate 

the economic importance of the transition, but they do not automatically guarantee that rural populations or vulnerable 

groups will capture a fair share of its benefits. 
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Rural areas occupy a distinctive position in this transition. They often possess abundant solar, wind, biomass, hydro and 

land resources, yet many rural households and enterprises continue to face unreliable energy service

grid infrastructure or limited access to productive appliances. The 2025 Energy Progress Report indicates that more 

than 666 million people still lacked basic electricity access, despite continued global progress [2]. In many of the 

remaining access-deficit areas, decentralized systems such as mini

equipment and hybrid renewable systems are technically attractive because conventional grid extension can be costly or 

slow. 

However, a technically sound energy system can still fail as a development intervention. Projects may underperform 

when demand is poorly understood, tariffs are unaffordable, equipment cannot be maintained locally, community 

institutions are weak, land and benefit-sharing ar

income-producing activities. Research on rural renewable

technology, regulation, community participation, local development and agr

research further shows that procedural participation and equitable distribution of benefits cannot be assumed merely 

because a project is labelled 'community' or 'renewable' [8], [9].

This paper therefore treats renewable energy not as an isolated infrastructure input but as a platform for local value 

creation. The central proposition is that rural renewable

when they are co-designed with communities and del

finance and governance. This interpretation is consistent with the green

carbon and resource-efficient growth that is also socially inclusive [1]. It is a

practice: UNDP's recent rural just-transition work stresses community ownership, capacity development, livelihood 

integration and locally appropriate technologies as conditions for durable outcomes [18].

The contribution of this paper is a Community

than proposing a new generation technology, CC

conditions that determine whether decentralized

development. The framework is intended for policymakers, local governments, development agencies, social 

enterprises, cooperatives, utilities and researchers designing community

Figure 1. Evolution of global renewable energy employment, 2012
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Rural areas occupy a distinctive position in this transition. They often possess abundant solar, wind, biomass, hydro and 

land resources, yet many rural households and enterprises continue to face unreliable energy service

grid infrastructure or limited access to productive appliances. The 2025 Energy Progress Report indicates that more 

than 666 million people still lacked basic electricity access, despite continued global progress [2]. In many of the 

deficit areas, decentralized systems such as mini-grids, solar home systems, productive

equipment and hybrid renewable systems are technically attractive because conventional grid extension can be costly or 

lly sound energy system can still fail as a development intervention. Projects may underperform 

when demand is poorly understood, tariffs are unaffordable, equipment cannot be maintained locally, community 

sharing arrangements are contested, or generated electricity is not linked to 

producing activities. Research on rural renewable-energy communities highlights the combined importance of 

technology, regulation, community participation, local development and agricultural integration [5]. Energy

research further shows that procedural participation and equitable distribution of benefits cannot be assumed merely 

because a project is labelled 'community' or 'renewable' [8], [9]. 

newable energy not as an isolated infrastructure input but as a platform for local value 

creation. The central proposition is that rural renewable-energy systems contribute most strongly to a green economy 

designed with communities and deliberately integrated with local enterprise, employment, skills, 

finance and governance. This interpretation is consistent with the green-economy concept, which emphasizes low

efficient growth that is also socially inclusive [1]. It is also consistent with emerging development 

transition work stresses community ownership, capacity development, livelihood 

integration and locally appropriate technologies as conditions for durable outcomes [18]. 

ution of this paper is a Community-Centred Renewable Energy Adoption Framework (CC

than proposing a new generation technology, CC-REAF organizes the institutional, economic, social and technical 

conditions that determine whether decentralized renewable-energy investments become durable drivers of rural 

development. The framework is intended for policymakers, local governments, development agencies, social 

enterprises, cooperatives, utilities and researchers designing community-scale energy interventions. 

Figure 1. Evolution of global renewable energy employment, 2012-2024. Source: reconstructed from IRENA and ILO 

[4]. 
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Rural areas occupy a distinctive position in this transition. They often possess abundant solar, wind, biomass, hydro and 

land resources, yet many rural households and enterprises continue to face unreliable energy services, high costs, weak 

grid infrastructure or limited access to productive appliances. The 2025 Energy Progress Report indicates that more 

than 666 million people still lacked basic electricity access, despite continued global progress [2]. In many of the 

grids, solar home systems, productive-use solar 

equipment and hybrid renewable systems are technically attractive because conventional grid extension can be costly or 

lly sound energy system can still fail as a development intervention. Projects may underperform 

when demand is poorly understood, tariffs are unaffordable, equipment cannot be maintained locally, community 

rangements are contested, or generated electricity is not linked to 

energy communities highlights the combined importance of 

icultural integration [5]. Energy-justice 

research further shows that procedural participation and equitable distribution of benefits cannot be assumed merely 

newable energy not as an isolated infrastructure input but as a platform for local value 

energy systems contribute most strongly to a green economy 

iberately integrated with local enterprise, employment, skills, 

economy concept, which emphasizes low-

lso consistent with emerging development 

transition work stresses community ownership, capacity development, livelihood 

Centred Renewable Energy Adoption Framework (CC-REAF). Rather 

REAF organizes the institutional, economic, social and technical 

energy investments become durable drivers of rural 

development. The framework is intended for policymakers, local governments, development agencies, social 
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1.1 Research Questions and Objectives 

RQ1: Which technical, economic, social and institutional conditions consistently influence the sustainability of 

community-centred renewable-energy projects in rural areas? 

RQ2: How can decentralized renewable energy be linked to productive use, local enterprise and employment so that 

energy access contributes to green-economy outcomes? 

RQ3: What implementation architecture can improve equity, ownership, maintenance and scalability across diverse 

rural contexts? 

Accordingly, the study has four objectives: (i) synthesize recent evidence on rural and community renewable-energy 

adoption; (ii) identify recurring barriers and enabling conditions; (iii) construct an integrated community-centred 

adoption framework; and (iv) map the framework to practical indicators and Sustainable Development Goals (SDGs). 

 

II. LITERATURE REVIEW 

2.1 Green Economy, Energy Access and Rural Development 

Green-economy thinking seeks to reconcile economic development with ecological constraints through low-carbon 

investment, resource efficiency and social inclusion [1]. Renewable energy is central to this agenda because it can 

simultaneously reduce emissions exposure, diversify energy supply and create new industries. Yet the relationship 

between renewable deployment and local development is mediated by ownership structures, market access, skill 

formation and the location of value-added activities. A rural district that hosts a large renewable plant may experience 

little local development if equipment, finance, expertise and profits are imported and local participation is limited. 

The rural development literature therefore distinguishes between simply locating renewable-energy assets in rural space 

and using renewable energy as a locally embedded development strategy. Clausen and Rudolph [7] describe both 

synergies and mismatches between renewable-energy development and rural development, emphasizing that positive 

outcomes depend on how projects interact with local economies and institutions. Similar concerns appear in Indian 

community-energy case research, where replicability depends on a network of technical, organizational, financial and 

social actors rather than technology alone [10]. 

A productive-use perspective strengthens this development linkage. Electricity becomes economically transformative 

when it powers irrigation, milling, refrigeration, cold chains, digital services, workshops, tourism, health facilities or 

other activities that increase productivity and incomes. UNDP programmes in South Asia and Southeast Asia have 

illustrated applications such as solar irrigation, agro-processing, cold storage, sewing and community enterprise, 

showing how clean energy can become an enabling infrastructure for rural livelihoods [18], [19]. 

 

2.2 Renewable Energy Communities and Local Ownership 

Renewable energy communities (RECs) organize citizens, businesses, local authorities and other actors around shared 

production, consumption or management of renewable energy. Reviews show that their appeal lies not only in 

decarbonization but also in participation, local value retention, social innovation and energy citizenship [5], [6]. In rural 

settings, this approach can be particularly relevant because community institutions often mediate access to land, 

common infrastructure and local knowledge. 

Nevertheless, the label 'community' is not sufficient to produce inclusion. Hanke, Guyet and Feenstra [8] found that 

energy communities may struggle to reach vulnerable groups unless participation and service design explicitly address 

barriers faced by low-income households. Subsequent evidence from German cases similarly shows that distributional 

and procedural justice require deliberate attention rather than being automatic outcomes of community ownership [9]. 

These findings motivate a framework that treats inclusion and benefit-sharing as design variables rather than 

afterthoughts. 

Community participation also influences acceptance and project legitimacy. Studies of local renewable-energy projects 

report that trust, transparent procedures, meaningful engagement and shared ownership can increase willingness to 
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participate [12]. Conversely, top-down implementation can generate resistance when communities perceive unfair land 

use, unclear benefits, or decisions made without local knowledge. 

 

2.3 Governance, Finance and Institutional Capacity 

Community energy is inherently multi-level. Local organizations may manage day-to-day decisions, while permits, 

tariffs, grid rules, subsidies and land-use regulation are controlled by higher levels of government. Evidence from small 

and mid-sized communities shows that renewable-energy outcomes are influenced by the alignment of local planning, 

higher-level targets, land-use rules and efficiency policies [14]. Fragmented authority can delay projects, increase 

transaction costs and create uncertainty for investors and communities. 

Finance is another persistent barrier. Rural projects often face small project sizes, high transaction costs, uncertain 

demand, weak collateral and limited credit histories. Grant-only models may enable installation but can create 

maintenance problems if replacement costs and revenue models are not planned. Purely commercial finance, by 

contrast, may exclude low-income users or prioritize short-payback assets. Community energy therefore often requires 

blended models that combine public support, concessional finance, local contribution, private capital, pay-as-you-go 

mechanisms, productive-use lending and transparent benefit-sharing. 

The importance of local skills is equally strong. Renewable-energy deployment creates construction, installation, sales, 

service and operations jobs, while distributed systems can be relatively labour intensive [4]. Yet workforce 

development is necessary to avoid dependence on distant technicians. Local training also creates a feedback benefit: it 

improves system uptime while retaining a larger share of economic value in the community. 

 

2.4 Digitalization and Productive Energy Use 

Digital technologies can improve the management of decentralized energy systems through smart meters, remote 

monitoring, mobile payments, predictive maintenance, load forecasting and transparent reporting. Their developmental 

value is strongest when they reduce information asymmetry and transaction costs rather than adding complexity. 

Digital tools can also broaden participation by giving users understandable information about consumption, payments, 

generation and community benefits. 

However, digitalization introduces its own inclusion risks. Poor connectivity, device access, literacy, cybersecurity and 

platform dependence can exclude the very groups a community-energy system is intended to serve. For this reason, 

CC-REAF treats digitalization as a cross-cutting support layer rather than a substitute for local institutions or face-to-

face governance. 

Table 1. Selected evidence informing the proposed framework 

Source Context Key finding Implication for CC-REAF 

Shi et al. [5] 
Rural energy communities 

review 

Technology, regulation, 

participation and 

agricultural integration 

recur as major themes. 

Use a multi-dimensional 

rather than technology-only 

design. 

Ahmed et al. [6] 
Review of renewable 

energy communities 

Citizen involvement, 

governance and enabling 

policy shape REC 

performance. 

Build participation and 

institutional design into the 

framework. 

Clausen & Rudolph [7] 
Rural renewable-energy 

development 

Renewable projects can 

create synergies or 

mismatches with rural 

development. 

Link energy planning to 

local development 

objectives. 

Hanke et al. [8] 
71 European energy 

communities 

Vulnerable groups are not 

automatically included. 

Make equity and 

recognition explicit. 
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Vallecha & Bhola [10] 
Community energy projects 

in India 

Replicability depends on 

actor networks and 

institutional relationships. 

Plan partnerships, skills and 

local organizational 

capacity. 

Wehbi & Kemper [14] 
87 small/mid-sized U.S. 

communities 

Multi-level planning and 

land-use/efficiency policies 

influence transition 

outcomes. 

Align local and higher-

level governance. 

UNDP Malaysia [18] 
Rural just-transition 

projects 

Co-design, productive uses, 

training and community 

ownership improve 

development outcomes. 

Integrate livelihoods and 

local capability from the 

start. 

 

III. RESEARCH GAP AND CONCEPTUAL POSITION 

Existing research provides rich evidence on renewable-energy communities, rural electrification, energy justice, 

governance and technology. The remaining challenge is integration. Many technical studies optimize system sizing, 

storage or control; social studies emphasize participation and justice; development studies emphasize livelihoods; and 

policy studies examine regulation or finance. In practice, however, these dimensions interact. A technically optimized 

mini-grid may be financially unsustainable if demand is weak. A participatory project may still fail if maintenance 

capacity is absent. A subsidized system may improve household lighting but create limited economic transformation if 

productive appliances and enterprise finance are missing. 

CC-REAF addresses this integration gap by treating the rural renewable-energy project as a socio-technical 

development system. It connects five stages—diagnosis, co-design, financing, implementation and adaptive 

operation—with six enabling pillars and four outcome domains. This structure is designed to be technology neutral: it 

can be used for solar mini-grids, community rooftop systems, micro-hydro, biomass/biogas, hybrid systems or 

renewable-powered productive-use assets. 

 

IV. METHODOLOGY 

4.1 Research Design 

The study adopts a structured integrative-review and framework-synthesis design. This approach is appropriate because 

the research question spans technical, economic, institutional and social literatures that use heterogeneous methods. The 

purpose is not to estimate a single pooled effect size, but to identify recurring causal conditions and translate them into 

a coherent design framework. 

The evidence base combines peer-reviewed studies on rural renewable energy, renewable-energy communities, energy 

justice, governance, productive uses and community participation with recent reports from international organizations. 

Priority was given to literature published from 2019 onward, while a small number of earlier foundational studies were 

retained when they defined concepts or established widely used analytical perspectives. The synthesis also used the 

latest available global energy-access, deployment and employment evidence at the time of writing [2]-[4]. 

 

4.2 Synthesis Procedure 

Problem coding: evidence was classified according to recurring barriers—affordability, demand uncertainty, 

maintenance, participation, land/tenure, finance, governance fragmentation, skills and digital access. 

Enabler coding: proposed solutions were grouped into participation/ownership, technology fit, finance, productive-use 

integration, skills/O&M, governance and digital transparency. 

Outcome mapping: enablers were connected to energy, economic, employment/human-capital and environmental 

outcomes. 

Framework integration: relationships were organized into a staged adoption lifecycle with feedback loops. 
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Policy translation: each framework element was translated into implementable actions and measurable indicators.

 

4.3 Analytical Logic 

CC-REAF uses a theory-of-change logic: if communities participate meaningfully in defining needs and governance, if 

technology is matched to local resources and loads, if finance and benefit

connected to productive use while local cap

more likely to generate persistent economic, social and environmental benefits. The framework therefore emphasizes 

conditions that strengthen both project viability and developmen

Figure 2. Proposed Community

 

V. PROPOSED COMMUNITY-CENTRED RENEWABLE EN

5.1 Pillar 1: Participatory Co-Design and Local Owne

Participation should begin before technology selection. Community members, local enterprises, farmers, women's 

groups, local government, technicians and service providers should jointly define priority energy services, seasonal 

loads, affordability constraints and governance expectations. This process improves information quality and reduces the 

risk that projects are designed around assumed rather than real demand.

Ownership should be interpreted broadly. It can include cooperative equity, community 

partnerships, transparent benefit funds, management committees or contractual decision rights. The essential 

requirement is that users possess meaningful influence over rules that affect tariffs, service priorities, use of surpl

revenue, maintenance responsibilities and conflict resolution. Recognition of local knowledge and vulnerable groups is 

necessary for procedural legitimacy [8], [9].

 

5.2 Pillar 2: Fit-for-Place Technology Design

Technology should be selected after evalua

land availability, maintenance skills and future demand. Solar PV may be preferable in high

modular growth requirements; micro-hydro can provide stable gene

biomass or biogas may be attractive where sustainable feedstock streams are concentrated; and hybrid systems can 

improve reliability where individual resources are seasonal.
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Policy translation: each framework element was translated into implementable actions and measurable indicators.

change logic: if communities participate meaningfully in defining needs and governance, if 

technology is matched to local resources and loads, if finance and benefit-sharing are inclusive, and if electricity is 

connected to productive use while local capability and institutional support are built, then renewable

more likely to generate persistent economic, social and environmental benefits. The framework therefore emphasizes 

conditions that strengthen both project viability and development additionality. 

Figure 2. Proposed Community-Centred Renewable Energy Adoption Framework (CC-REAF).

CENTRED RENEWABLE ENERGY ADOPTION FRAMEW

Design and Local Ownership 

Participation should begin before technology selection. Community members, local enterprises, farmers, women's 

groups, local government, technicians and service providers should jointly define priority energy services, seasonal 

onstraints and governance expectations. This process improves information quality and reduces the 

risk that projects are designed around assumed rather than real demand. 

Ownership should be interpreted broadly. It can include cooperative equity, community trusts, municipal

partnerships, transparent benefit funds, management committees or contractual decision rights. The essential 

requirement is that users possess meaningful influence over rules that affect tariffs, service priorities, use of surpl

revenue, maintenance responsibilities and conflict resolution. Recognition of local knowledge and vulnerable groups is 

necessary for procedural legitimacy [8], [9]. 

Place Technology Design 

Technology should be selected after evaluating local renewable resources, load profiles, logistics, climate exposure, 

land availability, maintenance skills and future demand. Solar PV may be preferable in high-irradiance regions with 

hydro can provide stable generation where appropriate water resources exist; 

biomass or biogas may be attractive where sustainable feedstock streams are concentrated; and hybrid systems can 

improve reliability where individual resources are seasonal. 
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Policy translation: each framework element was translated into implementable actions and measurable indicators. 

change logic: if communities participate meaningfully in defining needs and governance, if 

sharing are inclusive, and if electricity is 

ability and institutional support are built, then renewable-energy access is 

more likely to generate persistent economic, social and environmental benefits. The framework therefore emphasizes 

 
REAF). 

ERGY ADOPTION FRAMEWORK 

Participation should begin before technology selection. Community members, local enterprises, farmers, women's 

groups, local government, technicians and service providers should jointly define priority energy services, seasonal 

onstraints and governance expectations. This process improves information quality and reduces the 

trusts, municipal-community 

partnerships, transparent benefit funds, management committees or contractual decision rights. The essential 

requirement is that users possess meaningful influence over rules that affect tariffs, service priorities, use of surplus 

revenue, maintenance responsibilities and conflict resolution. Recognition of local knowledge and vulnerable groups is 

ting local renewable resources, load profiles, logistics, climate exposure, 

irradiance regions with 

ration where appropriate water resources exist; 

biomass or biogas may be attractive where sustainable feedstock streams are concentrated; and hybrid systems can 
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Fit-for-place design also requires demand-

systems can reduce required generation and storage capacity. System architecture should allow modular expansion so 

that productive demand can grow without forcing prematu

 

5.3 Pillar 3: Inclusive Finance and Transparent Benefit Sharing

Financing must reflect both social objectives and cash

public-good components, concessional or commercial loa

appliance finance and results-based support. Productive users can be financed separately from household connections 

because their revenue streams and energy profiles differ.

Benefit-sharing rules should be established before commissioning. They should specify how energy savings, revenues, 

incentives or surplus income are allocated across maintenance reserves, debt service, community funds and member 

benefits. Transparent rules reduce perceptions of 

 

5.4 Pillar 4: Productive-Use and Enterprise Integration

A central contribution of CC-REAF is to treat productive demand as a design input. Rural energy demand is 

dominated by basic household uses; while these are socially valuable, they may not generate enough revenue to sustain 

higher-capacity systems. Productive loads can improve asset utilization while generating livelihoods. Examples include 

irrigation pumping, grain milling, milk chilling, fish or vegetable cold storage, solar drying, small workshops, 

communications, e-commerce and tourism services.

Productive use requires complementary interventions. Electricity alone cannot create a viable enterpri

lack equipment, working capital, market access or business skills. Energy programmes should therefore coordinate with 

rural enterprise development, agricultural extension, digital connectivity, logistics and market

Figure 3. Renewable energy as a local value

5.5 Pillar 5: Skills, Operations and Maintenance, and Local Jobs

Long-term performance depends on who can diagnose faults, replace components, manage batteries, 

generation assets, collect payments and communicate with users. Projects should establish tiered service capacity: basic 

maintenance within the community, trained local technicians for routine repairs and clear escalation arrangements for 

specialized problems. 
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-side efficiency. Efficient motors, pumps, refrigeration, lighting and thermal 

systems can reduce required generation and storage capacity. System architecture should allow modular expansion so 

that productive demand can grow without forcing premature overinvestment. 

5.3 Pillar 3: Inclusive Finance and Transparent Benefit Sharing 

Financing must reflect both social objectives and cash-flow realities. A viable package may combine capital grants for 

good components, concessional or commercial loans for revenue-generating assets, community contributions, 

based support. Productive users can be financed separately from household connections 

because their revenue streams and energy profiles differ. 

hould be established before commissioning. They should specify how energy savings, revenues, 

incentives or surplus income are allocated across maintenance reserves, debt service, community funds and member 

benefits. Transparent rules reduce perceptions of elite capture and strengthen willingness to pay. 

Use and Enterprise Integration 

REAF is to treat productive demand as a design input. Rural energy demand is 

dominated by basic household uses; while these are socially valuable, they may not generate enough revenue to sustain 

capacity systems. Productive loads can improve asset utilization while generating livelihoods. Examples include 

on pumping, grain milling, milk chilling, fish or vegetable cold storage, solar drying, small workshops, 

commerce and tourism services. 

Productive use requires complementary interventions. Electricity alone cannot create a viable enterpri

lack equipment, working capital, market access or business skills. Energy programmes should therefore coordinate with 

rural enterprise development, agricultural extension, digital connectivity, logistics and market-linkage programmes.

Figure 3. Renewable energy as a local value-creation platform. 

5.5 Pillar 5: Skills, Operations and Maintenance, and Local Jobs 

term performance depends on who can diagnose faults, replace components, manage batteries, 

generation assets, collect payments and communicate with users. Projects should establish tiered service capacity: basic 

maintenance within the community, trained local technicians for routine repairs and clear escalation arrangements for 
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side efficiency. Efficient motors, pumps, refrigeration, lighting and thermal 

systems can reduce required generation and storage capacity. System architecture should allow modular expansion so 

flow realities. A viable package may combine capital grants for 

generating assets, community contributions, 

based support. Productive users can be financed separately from household connections 

hould be established before commissioning. They should specify how energy savings, revenues, 

incentives or surplus income are allocated across maintenance reserves, debt service, community funds and member 

REAF is to treat productive demand as a design input. Rural energy demand is frequently 

dominated by basic household uses; while these are socially valuable, they may not generate enough revenue to sustain 

capacity systems. Productive loads can improve asset utilization while generating livelihoods. Examples include 

on pumping, grain milling, milk chilling, fish or vegetable cold storage, solar drying, small workshops, 

Productive use requires complementary interventions. Electricity alone cannot create a viable enterprise when users 

lack equipment, working capital, market access or business skills. Energy programmes should therefore coordinate with 

linkage programmes. 

 

term performance depends on who can diagnose faults, replace components, manage batteries, maintain 

generation assets, collect payments and communicate with users. Projects should establish tiered service capacity: basic 

maintenance within the community, trained local technicians for routine repairs and clear escalation arrangements for 
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Training should include technical and managerial skills. Community organizations may need bookkeeping, tariff 

administration, procurement, data interpretation and dispute-resolution capabilities. Local technicians and enterprises 

can turn maintenance expenditure into local employment, contributing to the green-jobs dimension of the transition [4]. 

 

5.6 Pillar 6: Multi-Level Governance, Partnerships and Digital Transparency 

No rural energy project operates in an institutional vacuum. Local governance must align with utility rules, licensing, 

safety standards, land-use processes, subsidy schemes and public investment. A named coordinating institution can 

reduce fragmentation and clarify responsibilities across government, utilities, financiers and communities. 

Digital monitoring should support—not replace—this governance. Dashboards can report generation, downtime, 

payment performance, battery health, productive-use growth and benefit allocation. Simple transparency mechanisms 

can improve accountability to both communities and financiers, while remote diagnostics can reduce maintenance 

delays. Systems should still provide offline and non-digital channels so that participation does not depend on 

smartphone ownership or connectivity. 

Table 2. Common rural renewable-energy barriers and CC-REAF responses 

Barrier Typical consequence CC-REAF response 

High upfront cost / weak credit Low adoption; exclusion of poorer 

households 

Blended finance, appliance finance, 

tiered contribution, targeted subsidies 

Demand uncertainty Oversized or underutilized assets Pre-project load study, productive-

use pipeline, modular expansion 

Weak maintenance ecosystem Long outages and equipment 

abandonment 

Local technician training, spare-parts 

planning, remote diagnostics, 

maintenance reserve 

Top-down project selection Low trust and weak willingness to 

pay 

Participatory co-design, clear 

decision rights, grievance process 

Unequal benefit distribution Elite capture and social conflict Transparent benefit-sharing rules and 

equity monitoring 

Fragmented regulation Delays and unclear responsibilities Single coordinating mechanism and 

multi-level policy alignment 

Digital exclusion Unequal access to 

information/payment systems 

Hybrid digital/offline channels and 

user training 

Energy not linked to livelihoods Limited economic impact and weak 

revenue 

Productive-use planning plus 

enterprise and market support 

 

VI. RESULTS OF THE FRAMEWORK SYNTHESIS AND DISCUSSION 

6.1 Result 1: Community Participation Is a Performance Variable, Not Only a Social Safeguard 

The literature synthesis indicates that participation affects technical and financial performance because it improves 

demand information, legitimacy and rule compliance. Studies of energy communities show that citizen involvement 

and trust influence adoption and acceptance [6], [12]. Energy-justice evidence adds that inclusion must account for 

different capacities to participate; otherwise, formally open processes may still privilege better-resourced households 

[8], [9]. CC-REAF therefore places co-design before technology procurement and treats participation as a project-

management function that reduces information and implementation risk. 

 

6.2 Result 2: Development Impact Depends on Productive Energy Use 

A recurring weakness of access-focused interventions is the implicit assumption that electricity supply automatically 

produces economic development. The evidence instead supports a mediated pathway: reliable energy enables 

productive equipment; productive equipment affects output only when skills, finance and markets are available; and 
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increased enterprise activity strengthens local ability to pay for energy services. Recent rural programmes in Malaysia 

explicitly connect decentralized renewable energy with food processing, cold storage, sewing, ecotourism and digital 

activities, demonstrating the logic of integrated livelihood design [18]. This is the reason productive-use integration 

occupies a central rather than optional position in CC-REAF. 

 

6.3 Result 3: Maintenance and Human Capital Determine Whether Benefits Persist 

Installation is an event; energy service delivery is a long-term process. Systems that lack maintenance finance, spare 

parts or local technical capacity can quickly lose reliability. The global jobs evidence also shows a substantial labour 

market around renewable energy, including installation, operations and service functions [4]. Rural projects can capture 

more of this value by deliberately localizing appropriate technical and managerial roles. From a green-economy 

perspective, this converts an infrastructure project into a capability-building process. 

 

6.4 Result 4: Multi-Level Governance Shapes Local Outcomes 

Local initiative alone cannot overcome contradictory tariffs, restrictive licensing, land uncertainty or absent grid-

interconnection rules. Evidence from community transition planning demonstrates that alignment across governance 

levels matters for renewable-energy uptake [14]. UNDP's rural just-transition analysis similarly identifies fragmented 

institutional coordination and regulatory bottlenecks as barriers to community adoption [18]. The implication is that 

community-centred energy policy should not merely decentralize responsibility; it should decentralize appropriate 

decision rights while preserving higher-level enabling support. 

 

6.5 Result 5: Equity Must Be Designed into Finance and Benefits 

Energy communities can reduce energy poverty, but they can also reproduce inequality when membership requires 

capital, digital literacy, property ownership or time for meetings. Equity therefore requires practical design: 

differentiated contribution mechanisms, protection for vulnerable users, representation rules, transparent benefit funds, 

affordable tariffs and support for women- and youth-led enterprises. The relevant question is not only who receives 

electricity, but who owns assets, who participates in decisions, who obtains jobs and enterprise opportunities, and who 

bears land or financial risks. 

Interpretive synthesis. Across the reviewed evidence, no single intervention consistently substitutes for the others. 

Technology quality, finance, participation, productive use, skills and governance behave as complementary conditions. 

This complementarity explains why apparently similar technologies can generate very different development outcomes 

across communities. CC-REAF therefore rejects one-factor explanations and emphasizes coordinated design. 

 

VII. IMPLEMENTATION LIFECYCLE 

Stage 1—Diagnose. Establish a baseline covering energy use, affordability, productive activities, resource availability, 

climate and disaster exposure, existing institutions, land/tenure conditions, gender and vulnerability. Map seasonal 

demand rather than relying on a single average load. 

Stage 2—Co-design. Agree project objectives, ownership/governance model, priority users, productive-use 

opportunities, benefit-sharing rules, tariff principles, grievance procedures and inclusion measures. Technology 

specifications should emerge after this process. 

Stage 3—Finance. Match capital sources to asset types and risk. Create a maintenance reserve and define payment or 

contribution mechanisms. Where productive assets are expected to raise incomes, pair energy infrastructure finance 

with enterprise or appliance finance. 

Stage 4—Build. Use transparent procurement, quality standards, environmental and social safeguards, and locally 

accessible documentation. Train operators before commissioning rather than after problems emerge. 

Stage 5—Operate. Track reliability, consumption, payment performance, maintenance, productive-use demand and 

user satisfaction. Keep technical and financial records understandable to community representatives. 
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Stage 6—Learn and scale. Use measured outcomes to adapt tariffs, expand capacity, revise rules, target new productive 

uses and determine whether replication is justified. Scaling should reproduce functions and principles rather than 

blindly copy technology sizes or institutional forms.

Figure 4. CC-REAF implementation lifecycle and cross

 

VIII. MONITORING AND EVA

A community-centred project should be evaluated beyond installed kilowatts. Table 3 proposes a compa

that can be adapted to project scale. Baselines should be collected before commissioning, with follow

appropriate to the technology and livelihood cycle.

Table 3. Suggested CC

Domain Indicator examples

Energy service uptime; outages; delivered 

kWh; effective cost/kWh; 

share of users with reliable 

service 

Economic number of productive users; 

enterprise revenue; energy 

cost savings; hours of 

productive operation; post

harvest loss 

Employment & skills local jobs; trained 

technicians; women/youth 

participation; local 

procurement share

Equity & governance participation rate; 

vulnerable-household 

coverage; grievance 

resolution; benefit 

distribution; representation
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REAF implementation lifecycle and cross-cutting governance layers. 

. MONITORING AND EVALUATION INDICATORS 

centred project should be evaluated beyond installed kilowatts. Table 3 proposes a compa

that can be adapted to project scale. Baselines should be collected before commissioning, with follow

appropriate to the technology and livelihood cycle. 

Table 3. Suggested CC-REAF monitoring indicators 

Indicator examples Why it matters Illustrative data source

uptime; outages; delivered 

kWh; effective cost/kWh; 

share of users with reliable 

Measures whether 

infrastructure actually 

provides dependable and 

affordable energy 

metering, maintenance logs, 

household survey

number of productive users; 

enterprise revenue; energy 

cost savings; hours of 

productive operation; post-

Tests whether energy access 

creates local value 

enterprise records, surveys, 

market data

local jobs; trained 

technicians; women/youth 

participation; local 

procurement share 

Measures green-job and 

capability effects 

training records, 

data, community records

participation rate; 

household 

coverage; grievance 

resolution; benefit 

distribution; representation 

Tests procedural and 

distributive fairness 

meeting records, 

membership data, survey

  

  

Technology 

Reviewed, Refereed, Multidisciplinary Online Journal 

 852 

Impact Factor: 8.2 

Learn and scale. Use measured outcomes to adapt tariffs, expand capacity, revise rules, target new productive 

uses and determine whether replication is justified. Scaling should reproduce functions and principles rather than 

 

centred project should be evaluated beyond installed kilowatts. Table 3 proposes a compact scorecard 

that can be adapted to project scale. Baselines should be collected before commissioning, with follow-up at intervals 

Illustrative data source 

metering, maintenance logs, 

household survey 

enterprise records, surveys, 

market data 

training records, contractor 

data, community records 

meeting records, 

membership data, survey 
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Environmental renewable share; 

diesel/kerosene displaced; 

estimated emissions avoided; 

waste/feedstock 

sustainability 

Measures low-carbon and 

resource outcomes 

system data, fuel baseline, 

lifecycle assumptions 

Institutional durability maintenance reserve 

adequacy; collection rate; 

time to repair; 

audit/reporting regularity 

Measures long-term 

operational resilience 

financial records, service 

logs 

 

IX. CONTRIBUTION TO THE SUSTAINABLE DEVELOPMENT GOALS 

The framework is centred on SDG 7 but intentionally connects energy with wider development outcomes. The United 

Nations explicitly links affordable and clean energy with inclusive economic growth, employment, resilient 

communities and climate action [20], [21]. 

Table 4. SDG mapping of CC-REAF 

SDG CC-REAF contribution Example indicators 

SDG 7 – Affordable and Clean 

Energy 

Reliable decentralized renewable 

supply; affordability; energy 

efficiency 

renewable share, uptime, 

connection/service coverage, energy 

cost 

SDG 8 – Decent Work and Economic 

Growth 

Local technical jobs, enterprise 

development, productivity and green 

MSMEs 

jobs, enterprise revenue, local 

procurement, productive-use 

connections 

SDG 9 – Industry, Innovation and 

Infrastructure 

Resilient rural energy and digital 

monitoring infrastructure 

system expansion, smart metering, 

productive equipment 

SDG 10 – Reduced Inequalities Targeted inclusion of low-income 

and marginalized users 

coverage by income/gender/group, 

benefit distribution 

SDG 12 – Responsible Consumption 

and Production 

Efficiency, local resource use and 

sustainable biomass/waste pathways 

energy intensity, waste-to-energy 

safeguards, efficiency improvements 

SDG 13 – Climate Action Replacement of fossil-based 

generation and enhanced rural 

resilience 

fuel displaced, emissions avoided, 

resilience metrics 

SDG 17 – Partnerships for the Goals Coordination among communities, 

government, private sector, financiers 

and civil society 

number/quality of formal 

partnerships, co-financing, shared 

governance 

 

X. POLICY AND PRACTICE IMPLICATIONS 

1. Shift programme metrics from installations to services and development outcomes. Public programmes should track 

reliability, enterprise use, inclusion and maintenance in addition to installed capacity. 

2. Create rural productive-energy windows. Renewable-energy policy should be linked with agricultural, MSME, cold-

chain, digital and rural-enterprise programmes so that productive demand is developed alongside supply. 

3. Support community governance, not only community hardware. Budget lines should cover facilitation, legal 

formation, financial management, training and monitoring rather than treating these as overheads. 

4. Use blended and differentiated finance. Capital subsidies can target public-good and equity objectives, while 

revenue-generating assets can use credit or performance-based finance. Low-income households should not be 

excluded by uniform upfront contributions. 
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5. Institutionalize local maintenance ecosystems. Procurement should include training, spare-parts plans, service-level 

commitments and remote-monitoring access. Maintenance reserves should be protected from unrelated expenditure. 

6. Develop fit-for-place regulation. Small community systems need proportionate licensing, interconnection, tariff and 

safety rules. Regulatory complexity designed for utility-scale projects can overwhelm small rural initiatives. 

7. Make equity auditable. Projects should publish participation, benefit allocation, employment and service-access data 

disaggregated where appropriate, enabling funders and communities to see whether inclusion objectives are being 

achieved. 

 

XI. LIMITATIONS AND FUTURE RESEARCH 

This paper develops a conceptual and implementation framework from an integrative synthesis rather than from a new 

field experiment. The framework should therefore be empirically validated across different technologies, institutional 

settings and income contexts. Future research can operationalize the monitoring indicators into a Community Green 

Transition Readiness Index and test which combinations of pillars are most strongly associated with reliability, income 

growth, energy affordability and equity. 

A second limitation is contextual heterogeneity. Rural communities differ in land tenure, social structure, resource 

endowment, market access, policy regimes and climatic exposure. CC-REAF is intentionally modular, but it should not 

be interpreted as a fixed template. Comparative case studies and longitudinal evaluation will be necessary to identify 

which design components are universal and which require local adaptation. 

Future work should also examine digital governance, data ownership and cybersecurity in community-energy systems; 

gender-differentiated productive-use outcomes; lifecycle and end-of-life management of batteries and solar equipment; 

and climate-resilience performance under extreme weather. 

 

XII. CONCLUSION 

Renewable energy can support a green economy, but the development value of rural renewable-energy investments 

depends on how projects are governed, financed, used and maintained. The evidence synthesized in this paper shows 

that community participation, fit-for-place technology, inclusive finance, productive-use integration, local capability 

and multi-level governance are complementary rather than competing requirements. 

The proposed Community-Centred Renewable Energy Adoption Framework translates these requirements into a 

practical architecture. It begins with local needs and resource assessment, moves through co-design, finance and 

technology selection, and embeds five cross-cutting operational pillars that connect energy infrastructure to livelihoods, 

employment, environmental performance and resilience. The framework also emphasizes feedback: community energy 

systems should learn from operating data, equity outcomes and changing demand rather than remain fixed after 

commissioning. 

For policymakers and development practitioners, the main implication is straightforward: rural renewable-energy 

policy should be designed as local economic-development policy. When clean energy is paired with ownership, 

productive enterprise, skills and fair institutions, communities can become active participants in the energy transition 

rather than passive hosts or consumers. That is the pathway through which decentralized renewable energy can 

contribute to an inclusive and durable green-economy transition. 
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