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a b s t r a c t

The main objective of this review paper is to examine the lessons learnt from 16 solar home
system (SHS)-based World Bank projects implemented between 2000 and 2020 in the remote rural
areas of developing countries. This study emphasises the role of SHS as a technology option in
providing electricity to the remaining 10% of the world’s population without access to electricity. This
study identifies three major internal factors and two external factors that may affect the successful
implementation. The internal factors that emerge within the project and arise primarily during its
design and implementation include financial barriers (barriers on subsidies and investment support,
risk management and commercial viability, credit services and support, and partnerships with the
local banking sector and micro-finance institutions), technical barriers (barriers on effective operation,
maintenance and after-sales technical service, qualified technical entities and professionals, product
quality assurance and monitoring, and the availability and feasibility of other complementary energy
technology applications) and project design and implementation barriers (barriers on the monitoring,
evaluation and sustainability of the project, the development of local capacity, and clearly defined
project objectives). The external factors that have emerged outside the project and are already
existing in the societal context include political and institutional barriers (barriers on the institutional
framework and its sustainability, and political support and commitment from the community and local
political leaders) and social and cultural barriers (barriers on building trust, relationships, confidence
and partnerships among stakeholders, the sociocultural perceptions of SHSs, maintaining ongoing
dialogues, coordination and cooperation among stakeholders, and adapting to changing international
and local conditions). Subsequently, this study considers policy implications that are valuable for the
current and upcoming challenges of rural electrification in achieving Sustainable Development Goal 7
– electricity for all – by 2030.

© 2023 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In the last 30 years, significant progress has been made in
mproving access to electricity, which has increased dramatically
ince 1970: from 49% in 1970 to 59% in 1990, 73% in 2000, 81% in
010 and 90% in 2019 (IEA, 2002, 2004, 2012, 2022a). However,
pproximately 770 million people still lack access to electricity
s of 2022 (IEA, 2022b). Sub-Saharan Africa (578 million or 75%)
nd Developing Asia (155 million or 20%) together account for
5% of the world’s population without access to electricity (IEA,
022a). Furthermore, compared to the 96% of the global urban
opulation with access to electricity, only 85% of the rural pop-
lation has access to electricity (IEA, 2022a). The proportion of
he rural population with access to electricity in Africa and Sub-
aharan Africa is still considerably low, at only 37% and 29%,
espectively (IEA, 2022a). Although improved access to electricity
as benefited both the urban and rural areas of developing coun-
ries in the last 30 years, improving access to electricity in rural
reas of the Saharan African region and some developing Asian
ountries remains a difficult problem to solve. Despite the greater
rosperity and advanced energy technology of today, progress in
mproving access to electricity in these areas is slow and needs
o be addressed specifically.

At the global level, the United Nations (UN) has become more
roactive in tackling and addressing this problem. Notably, access
o electricity has been, for the first time, included in the current
evelopment agenda, the Sustainable Development Goals (SDGs),
hich will be implemented from 2015 to 2030. SDG7, ‘afford-
ble and clean energy’, aims to ensure that everyone has access
o affordable, reliable, sustainable and modern energy services
United Nations, 2022a). As per SDG7.1, the goal’s priority is to
rovide universal access to affordable, reliable and modern en-
rgy services by 2030 (United Nations, 2022a). The SDG7.1 target
s measured using two indicators: the proportion of people who

ave access to electricity (SDG7.1.1) and the proportion of people

2821
who rely on clean fuels and technology as their primary source
of energy (SDG7.1.2) (United Nations, 2022a). SDG7 establishes
a clear timeline and specific target for facilitating poor people’s
access to electricity and regularly reviewing the progress thereof.

Since the inclusion of access to electricity in the UN’s de-
velopment goals, the rate of electrification has accelerated and
more international attention has been drawn to reinforce con-
crete policy actions on the development issue of access to elec-
tricity, such as the World Bank rural electrification programmes
and national rural electrification programmes in countries with
low-electrification rates. According to the International Energy
Agency’s (IEA) scenario of 2010, the electrification rate and num-
ber of people without access to electricity in 2030 will be 85%
and 1213 million, respectively (IEA, 2010). However, based on
the current data, in 2019, the proportion of the global population
with access to electricity increased to 90% and the number of
people without access to electricity decreased to 770 million (IEA,
2022b). If more efforts and actions are made and taken, there is
a higher chance of closing the 10% gap and achieving the UN’s
SDG7.1.1 of universal access to electricity by 2030. Nevertheless,
progress remains slow because of the increased challenges of im-
proving access to electricity for the remaining population, which
typically relates to the low standard of living in remote and rural
areas.

To accelerate the speed of electrification, grid or isolated grids
can, without a doubt, be considered the first priority. However,
the remaining 10% of the population is primarily concentrated
in remote and rural areas, where grid or isolated grid access is
likely too expensive for dispersed and poor households as well
as for electricity providers. The use of locally available energy,
such as solar energy, in combination with a cost-effective mech-
anism design, such as a solar home system-based (SHS-based)
rural electrification programme, has more potential to close or
minimise the 10% gap. In the last 30 years, some developing
countries, developed countries and international organisations
have implemented projects or programmes using SHSs in re-
mote rural areas of developing countries with low-electrification
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ates. In collaboration with local governments and various actors,
uch as micro-finance institutions, small- and medium-sized en-
erprises (SMEs), non-governmental organisations (NGOs), social
ervice institutions, community leaders and women in communi-
ies, these projects and programmes bring funds, technology and
ocal capacity building to these areas.

The World Bank has been one of the most active funders
f such development projects in the past 20 years, facilitating
he process of improving rural households’ access to electricity.
rrespective of the success of its SHS-based rural electrification
rojects, these projects provide valuable and insightful lessons
hat are helpful in addressing the current issue of improving ac-
ess to electricity for remote rural households and areas. There is
urrently one study that has systematically reviewed the lessons
earnt from the World Bank’s various SHS-based rural electrifica-
ion projects; however, it covers the years 1993–2001 (Martinot
t al., 2001). Similarly, another study has investigated two of the
orld Bank’s SHS-based projects in Sri Lanka and Indonesia with

he approach of in-depth analysis; however, it only covered the
egions of South Asia and Southeast Asia (Sovacool, 2018). There
as been limited research on reviewing the lessons learnt from
arge-scale SHS-based rural electrification projects implemented
y international development organisations such as the World
ank. However, the barriers that have hampered the successful
mplementation of the World Bank’s SHS-based rural electrifi-
ation projects, as gathered from the field experiences of the
forementioned studies, are particularly practical and useful for
mproving projects that are currently being implemented or will
e implemented in remote rural areas in developing countries. To
nhance the existing understanding of the lessons learnt from the
orld Bank’s SHS-based rural electrification projects, the main
bjective of this study is to review and examine the lessons
earnt from these projects over the last 20 years. This study aims
o synthesise valuable lessons and their knowledge across 16
ifferent projects and periods from 2000 to 2020. This study could
ridge the gap and add new insights from the lessons summarised
rom these projects during this period. Although the different
arriers can be seen individually or partly in the related published
eports or papers, the overall analysis using the new framework
f internal and external factors is a new and different way to
ategorise the findings.
Therefore, the purposes of this study are to (1) review the

urrent state of access to electricity and consider the implications
or achieving SDG7, (2) review the literature on SHS-based rural
lectrification and consider the implications for achieving SDG7
nd access to electricity, (3) identify key barriers that hampered
he successful implementation of the World Bank’s SHS-based
ural electrification projects from 2000 to 2020 and analyse the
essons learnt and (4) discuss the implications for achieving SDG7.

This study is organised into six sections. Section 2 introduces
he research methodology and data sources used in the study.
ubsequently, Section 3 reviews the current state of access to
lectricity and the literature on the lessons learnt from SHS-
ased rural electrification. Section 4 summarises the results of
he lessons from the selected 16 World Bank SHS-based electrifi-
ation projects implemented between 2000 and 2020. Section 5
iscusses the policy implications of these lessons for meeting
DG7 by 2030. Finally, Section 6 presents the conclusions.

. Data and methods

The electrification rate was calculated using data from the
EA’s World Energy Outlook, its Access to Electricity Database
IEA, 2022a) and the World Bank’s Access to Electricity Database
World Bank, 2022a). Data from various independent national
ata sources and national experts were used to validate the
2822
above information (Doll and Pachauri, 2010). The following key-
words were used to search the literature for this study: access to
electricity, rural electrification, solar home system, SHS and the
World Bank. ScienceDirect, Springer, Taylor and Francis, EBSCO-
host, SAGE, Wiley Online Library, College Publications, Research-
Gate, Google Scholar and other databases were used to conduct
the searches.

Review and analysis of the lessons learnt from the World
Bank’s SHS-based rural electrification projects here was based on
the World Bank Project Database’s Implementation Completion
and Results Reports (World Bank, 2022b). All these projects were
implemented in developing countries with low-electrification
rates at the time, with the goal of increasing access to electricity
through SHSs. The project search started with the Energy &
Extractives sector and its subsector Renewable Energy Solar. As
a result, 238 projects had been identified as of 1 March 2022,
with 141 being completed implementation projects. Only the
projects that had implemented SHS-based rural electrification,
were completed between 2000 and 2020, had released official
Implementation Completion and Results Reports and had anal-
ysed their lessons learnt in the field in the reports were selected.
Therefore, 16 projects were chosen as cases in this study based
on the aforementioned criteria (Table 1).

These projects were distributed, according to the IEA’s clas-
sification of regions and countries (IEA, 2022a), in the following
six regions (Table 2): South Asia (Sri Lanka and Bangladesh), East
Asia (Mongolia), Southeast Asia (Lao, Philippines and Cambodia),
South America (Argentina and Peru), West Africa (Mali, Burkina
Faso, Guinea and Sierra Leone) and East Africa (Ethiopia, Uganda,
Tanzania and Mozambique). A total of 11 of the 16 case countries
were classified as least developed countries (LDCs) by the UN in
2022 based on the lowest threshold of the gross national income
per capita, human assets index and economic and environmental
vulnerability index (United Nations Department of Economic and
Social Affairs, 2022). Despite the completion of the selected rural
electrification projects, the electrification rate of the selected
African countries in 2019 remains extremely low, particularly in
rural areas.

Content analysis with latent coding was used to analyse the
World Bank’s SHS-based rural electrification projects. Latent cod-
ing refers to reviewing the lessons learnt from each project’s
Implementation Completion and Results Report and coding their
underlying meaning (Babbie, 2013). Latent coding, unlike mani-
fest coding, which involves counting specific words or terms that
appear in a report (Babbie, 2013), is better suited for extracting
the underlying meaning of the reports.

The limitations of the data used in the study are as follows:
(1) Data analysis is constrained by the available data provided in
the reports. The lack of further data or needed data for analysis
may limit the understanding of real situations in the field or more
in-depth analysis. The quantity of data provided by the reports
also varies. To cope with the limitation, the approach of this
study analyses the general barriers among projects, instead of in-
depth analysis of each project implemented in each individual
country. (2) The validity and reliability of the data lie in the
quality of the reports. The validity and reliability of the data may
affect the results and the further inference of implications. The
World Bank’s project reports have been published for decades
and follow its internal standards and requirements. Compared to
other sources of data, the validity and reliability of the data would
be assumed to be of good quality. (3) The constraint of latent
coding may affect the validity of the analysis and the accuracy
of the results. The subjective judgement of the researcher who
codes the data may jeopardise the accuracy of the coding if the
researcher misunderstands the underlying meaning of the reports
or selects data. However, such a constraint can be adjusted and
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Table 1
Selected SHS-based World Bank rural electrification projects (2000–2020) (Compiled by the author based on World Bank, 2006, 2012a,b,c, 2013a,b,c,d,e,f, 2015a,b,c,
2017a,b, 2018a,b, 2022b).
Country Project title Project ID

Nr.
Grant amount
(USD, million)

Approval date
(DD/MM/YY)

Closing date
(DD/MM/YY)

Sri Lanka Renewable Energy for Rural Economic
Development Project

P076702 125.70 20/06/2002 31/12/2011

Bangladesh Rural Electrification and Renewable Energy
Development Project

P071794 290.10 25/06/2002 31/12/2012

Mongolia Renewable Energy for Rural Electricity
Access Project

P084766 18.00 19/12/2006 30/06/2012

Lao PDR Rural Electrification Phase I Project of the
Rural Electrification (APL) Programme

P075531 36.27 27/04/2006 31/03/2012

Philippines Rural Power Project in Support of the First
Phase of the Rural Power Development
Programme

P113159 48.36 14/04/2009 15/01/2013

Cambodia Rural Electrification and Transmission
Project

P064844
P071591

4.96 16/12/2003 31/01/2012

Argentina Renewable Energy in the Rural Market
Project

P006043 120.50 30/03/1999 31/12/2012

Peru Rural Electrification Project P090116 100.00 07/03/2006 30/06/2013

Mali Household Energy and Universal Access
Project

P073036
P079440

49.85 04/11/2003 30/06/2012

Burkina Faso Energy Access Project P078091 25.60 26/07/2007 31/10/2014
Guinea Decentralised Rural Electrification Project P077288 6.82 07/02/2002 30/06/2013
Sierra Leone Sierra Leone Energy Access Project P126180 15.66 26/07/2007 31/10/2014

Ethiopia Second Electricity Access (Rural) Expansion
Project

P101556 130.0 03/07/2007 31/12/2014

Uganda UG-Energy for Rural Transformation P112334 82.07 06/04/2009 30/06/2016
Tanzania TZ-Energy Development & Access P101645 134.58 13/12/2007 29/09/2017
Mozambique MZ-Energy Dev. & Access Project P108444 71.67 04/02/2010 15/06/2017
Table 2
Selected SHS-based World Bank rural electrification projects in the region (Compiled by the author based on World Bank, 2022b;
IEA, 2022a; United Nations Department of Economic and Social Affairs, 2022).
Area Region Country UN LDCs 2022 Electrification rate 2019 (%) Population without

access to electricity
2019 (million)

National Rural

Asia (6) South Asia Sri Lanka >99 99 <1
Bangladesh V 83 77 28

East Asia Mongolia 91 73 <1

Southeast Asia Lao V 95 93 <1
Philippines 96 93 4
Cambodia V 75 67 4

America (2) South America Argentina 99 85 <1
Peru 97 86 <1

Africa (8) West Africa Mali V 50 28 10
Burkina Faso V 22 2 16
Guinea V 46 24 7
Sierra Leone V 26 6 6

East Africa Ethiopia V 47 34 60
Uganda V 29 17 32
Tanzania V 40 23 35
Mozambique V 35 22 20
verified by having other researchers and scientific communities
review the report and verify the analysis again. All the data used
for analysis in this study are from the Implementation Comple-
tion and Results Report, which can all be retrieved from the
World Bank Project Database: https://projects.worldbank.org/en/
projects-operations/projects-home.

3. Literature review

3.1. Access to electricity in geographic areas: Implications for SDG7

In 2019, approximately 1/10 of the world’s population did
ot have access to electricity (IEA, 2022a). There are 771 million
2823
people who lack access to electricity, with the majority living in
Africa (75%, 579 million), particularly Sub-Saharan Africa (75%,
578 million), and Developing Asia (20%, 155 million) (Table 3). In
terms of population without access to electricity, the Developing
Asia region has made the most significant progress in improving
access to electricity. In the last 20 years, nearly 1 billion people
have gained access to electricity. However, 155 million people
still do not have access to electricity. In comparison to other
regions, the rate of decrease in the number of people with-
out electricity in Sub-Saharan Africa is far slower and remains
nearly unchanged. In terms of geographic areas, improving access

https://projects.worldbank.org/en/projects-operations/projects-home
https://projects.worldbank.org/en/projects-operations/projects-home
https://projects.worldbank.org/en/projects-operations/projects-home
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Table 3
Electrification rate and population without electricity in 2000, 2010 and 2019 (Compiled by the author based on IEA, 2002, 2012,
2022a).
Area 2000 2010 2019

Electrification rate (%)
Population without electricity
(million)

Electrification rate (%)
Population without electricity
(million)

Electrification rate (%)
Population without electricity
(million)

World 73%
1645 million

81%
1267 million

90%
771 million

Central and South
America

87%
56 million

94%
29 million

97%
16 million

Middle East 91%
15 million

91%
18 million

92%
19 million

Developing Asia 67%
1041 million

81%
628 million

96%
155 million

Africa 34%
522 million

43%
590 million

56%
579 million

Sub-Saharan Africa 23%
509 million

32%
589 million

48%
578 million
Fig. 1. Rural and urban electrification rates by region in 2019 (Compiled by the author based on IEA, 2022a).
o electricity in Sub-Saharan Africa and some developing Asian
ountries is critical to achieving SDG7.

.2. Access to electricity in rural areas: Implications for SDG7

In 2019, nearly all households in Central and South America,
he Middle East and Developing Asia had access to electricity
Fig. 1). The electrification rate in urban areas in Africa and
ub-Saharan Africa had also reached nearly 80%. Rural electrifi-
ation rates were lower than urban electrification rates, except
or Developing Asia, where the rate is 94%. The greatest disparity
etween urban and rural areas was found in Africa and Sub-
aharan Africa. Rural electrification rates in these two regions
ere only 37% and 29%, respectively. In terms of rural and urban
reas, improving access to electricity requires a special focus on
ural areas, particularly in Sub-Saharan African regions, to achieve
DG7.

.3. Access to electricity in low-income countries, heavily indebted
oor countries (HIPCs), LDCs, fragile and conflict-affected countries
nd pandemic-affected areas: Implications for SDG7

The World Bank’s Access to Electricity Database groups coun-
ries by their characteristics, such as low-income countries, HIPCs,
DCs and fragile and conflict-affected countries (Fig. 2). This
rouping has an electrification rate of 41%–54%, which is lower
2824
than the African region’s 56%. The electrification rates in low-
income countries (41%) and HIPCs (45%) are even lower than that
in Sub-Saharan Africa (48%). The data show that poverty, human
development and electrification are all linked.

Some studies have argued that there is a connection between
electricity access and energy poverty as well as the potential ef-
fects on socioeconomic human development, particularly for the
poor (Khanna et al., 2019; Nussbaumer et al., 2012; Pachauri and
Spreng, 2011; Rao and Pachauri, 2017; Riva et al., 2018; Sagar,
2005; Sarkodie and Adams, 2020; Shyu, 2014, 2020). Although
the actual causal relationship is difficult to establish empirically,
improved access to electricity is thought to have a high probabil-
ity of bringing about human development and poverty alleviation.
A paragraph in the Poor People’s Energy Outlook 2019 provides
a local context for this argument: ‘When electricity first came
to the village of Amaguaya in Bolivia’s Cordillera Real mountain
range, a village leader said, ‘‘Now we have a way, we have light,
it is as if we are climbing the steps to a better and better life’’.
Beyond light, we hear from farmers about the benefits of solar-
powered irrigation, women about the time saved by grinding
and threshing machines and school teachers and health workers
about the improved services they can provide. Electricity has the
power to transform people’s lives’ (Practical Action, 2019).

Access to electricity in fragile and conflict-affected countries,
such as Ukraine in 2022, Afghanistan in 2021, Yemen since 2014,
Syria since 2011 and some African countries because of civil
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Fig. 2. Access to electricity in low-income countries, HIPCs, LDCs and fragile and conflict-affected countries in 2019 (Compiled by the author based on World Bank,
2022a; IEA, 2022a).
wars, requires special attention. Owing to wars or conflicts, the
population without access to electricity in such affected areas
may increase dramatically. It is necessary to address the lack
of electricity in these affected areas and refugee camps. Other
factors, such as the COVID-19 pandemic, which has been spread-
ing since 2020, also pose unpredictably difficult challenges to
improving access to electricity. The IEA (2022c) claimed that the
COVID-19 pandemic continues to reverse previous progress in
global access to electricity. According to some studies, access to
electricity should be protected as a basic human right, which
necessitates more policy actions, interventions and obligations at
both the national and international levels (Bradbrook and Gar-
dam, 2006; Bradbrook et al., 2008; Frigo et al., 2021; Hesselman
et al., 2021; Ngai, 2012; Shyu, 2021; Tully, 2006a,b, 2008; Walker,
2015). Rural electrification must focus not only on the poor and
least developed rural areas but also on fragile, conflict-affected
and pandemic-affected areas if SDG7 is to be met.

3.4. Potential of SHS-based rural electrification programmes to im-
prove access to electricity in remote rural areas and its implications
for SDG7

In developing countries with low-electrification rates, power
rids usually extend to urban areas and the nearby rural areas.
igher population densities and household incomes justify the
mplementation and investment of electrification programmes in
nd near urban areas. However, people living in remote and rural
reas, where most of the remaining population without access to
lectricity is located, are hardly likely or unlikely to have access
o electricity from power grids. Technology options for tackling
ccess to electricity in rural areas include the extension of exist-
ng grids, creation of isolated mini-grid systems, or utilisation of
tand-alone off-grid power generation systems (IEA, 2003, 2011).
o achieve the SDG7.1.1 of electricity for all and close the gap
f the remaining 10% of the world’s population without access
o electricity, relying only on the extension of existing grids or
solated mini-grid systems is not feasible and practical in reality.
ecentralised stand-alone off-grid power generation systems us-
ng locally available indigenous energy resources such as solar,
ind, hydro, biomass, and geothermal energy are viable electri-

ication options in these areas. This type of rural electrification
as been advocated by scholars, NGOs, international development
rganisations and national governments with policies and ap-
lied in numerous developing countries with low-electrification
ates worldwide (AGECC, 2010; Asian Development Bank, 2005;
arnes, 2011; Bhattacharjee, 2002; Bhattacharyya, 2013; Flavin
nd Aeck, 2005; IEA, 2019; Kumar et al., 2022; Modi et al., 2005;
2825
Njoh et al., 2019; Practical Action, 2009, 2010, 2012, 2013, 2014,
2016, 2017, 2018, 2019; UNDP and WHO, 2009; World Bank,
2000, 2008; Yang, 2003; Zhou and Byrne, 2002).

Compared to other types of energy, solar energy is more
widely available than wind or hydro energy. Consequently, in-
ternational development organisations, NGOs and academics rec-
ommend SHS as a more practical stand-alone off-grid power
generation system for improving access to electricity in remote
rural areas of developing countries with low-electrification rates
(Biswas et al., 2004; Ellegård et al., 2004; Friebe et al., 2013; IEA,
2010, 2014, 2017; Kamalapur and Udaykumar, 2011; Lemaire,
2009; Narayan et al., 2019; Zaman and Borsky, 2021). Based on
case studies in Bangladesh, India, Kenya, Nepal, Peru, Togo and
South Africa, Practical Action (2016, 2017, 2018, 2019) has recom-
mended the potential of SHSs as a viable decentralised technology
and approach considering remoteness, energy poverty and gender
factors. Narayan et al. (2019) have investigated the SHS-based
rural electrification and proposed an electricity access framework
concerning the optimal SHS sizing for a five-tier household.

However, compared to conventional technologies, for instance,
the extension of grids and mini-grid systems, some studies have
challenged the SHS as the most viable technology for rural elec-
trification and development (Al-Ismaily and Probert, 1998; Bhat-
tacharyya, 2006; Chaurey and Kandpal, 2010; Drennen et al.,
1996; Ellegård et al., 2004; Wamukonya, 2007). Some critics
have argued that there is insufficient evidence to support the
development impact of SHS in rural areas of developing countries
with low-electrification rates (Abu Saim and Khan, 2021; Azimoh
et al., 2014, 2015; Chowdhury and Mourshed, 2016; Ellegård
et al., 2004; Rahman and Ahmad, 2013; Schillebeeckx et al.,
2012). However, these arguments are based on a comparison
of grid extension and mini-grid systems with SHSs. Because of
the limited amount of electricity that this type of power system
can generate, the effects of SHS electrification are invariably
small in scale, breadth and depth. In terms of time frame, the
aforementioned studies were mainly conducted between 1996
and 2021, when grid extension and mini-grid systems were still
more viable and better options for rural electrification for urban
areas or more centralised rural areas in developing countries with
low-electrification rates. However, with respect to closing the last
10% gap in terms of access to electricity and achieving the SDG7
electricity for all by 2030, the extension of grids and mini-grid
systems for rural electrification will face increasing limitations
for the remaining population without access to electricity. Thus,
the role of SHSs for electrification will be critical in achieving the
SDG7 in the remaining non-electrified remote rural areas.
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Fig. 3. Factors that may hinder the successful implementation of SHS-based rural electrification programmes in developing countries.
.5. Lessons learnt from SHS-based rural electrification projects in
emote rural areas

SHS-based rural electrification projects in the remote rural
reas of developing countries have been investigated with their
mplications discussed in related published reports and papers.
ore in-depth investigations of one or two countries have been
onducted (Aklin and Urpelainen, 2021; Balint, 2006; Fara et al.,
998; Newcombe and Ackom, 2017; Practical Action, 2018;
rmee et al., 2009; Wassie and Adaramola, 2021). Some re-
earchers have focused on regional scales or developing countries
Barnes, 2011; López-Vargas et al., 2021; Practical Action, 2010,
012, 2013, 2014; Sovacool and Drupady, 2012; Van der Vleuten
t al., 2007). However, few studies have focused on the projects of
nternational development organisations such as the World Bank
Martinot et al., 2001; Sovacool, 2018).

.5.1. Country-focused studies
Fara et al. (1998) have investigated the technical, economic

nd social issues of implementing an SHS-based electrification
roject in Romania. Balint (2006) has considered the lessons
earnt from two SHS-based projects for small NGOs in El Sal-
ador, focusing on the following key factors: promoting local
arkets, adjusting all local stakeholders and developing alter-
ative small-scale project models that combine market- and
onor-based design. Following an analysis of the IDCOL renew-
ble energy programme in Bangladesh and the Vunivau SHS-
ased programme in Fiji, Urmee et al. (2009) have identified
ome key factors that can help SHS-based rural electrification
rogrammes succeed, including social, institutional, economic
nd policy ones. Newcombe and Ackom (2017) have analysed
he lessons learnt from the SHS-based programmes in Myan-
ar and Bangladesh and proposed the following recommen-
ations: an institutional framework, a national electrification
lan, tariff/subsidy reviews, public–private partnerships (PPPs),
icro-finance institutions and technical considerations. From

he Nepal Rural Energy Development Programme 1996–2011
nd South Africa’s SHS-based decentralised electrification pro-
rammes, Practical Action (2018) identified several key factors
hat may have affected SHS-based decentralised electrification
rogrammes in 1999–2018: government commitment, planning
nd budgeting and stakeholder coordination. Moreover, according
o Aklin and Urpelainen (2021), population density, household
ncome, government commitment and the most affordable dis-
ributed renewable energy technologies are some of the key
actors that can be learnt from SHS-based rural electrification
or lighting in rural India. Wassie and Adaramola have identi-
ied several critical challenges to rural electrification with SHSs
n Ethiopia, including the high costs of quality-verified solar
roducts, limited access to credit financing, poor market quality

roducts and the lack of after-sales maintenance services (2021).

2826
3.5.2. Region-focused studies
Lessons from SHS-based rural electrification programmes in

Africa were discussed by Van der Vleuten et al. (2007), including
self- or project-organised SHS-based programmes, the institu-
tional capacity of donor programmes and PPP models to support
dispersed projects. Sovacool and Drupady (2012) have identified
four distinct types of challenges for small-scale renewable energy
governance in Developing Asia: technical, economic, institutional
and social challenges.

3.5.3. Developing country-focused studies
Barnes (2011) has proposed effective rural electrification so-

lutions in developing countries based on lessons learnt from
successful SHS-based rural electrification programmes. Based on
their fieldwork in developing countries with low-electrification
rates, Practical Action (2010, 2012, 2013, 2014) have suggested
that a healthy energy access system included three critical dimen-
sions: policy, finance and capacity. According to López-Vargas
et al. (2021), one important factor that contributes to the success
of SHS-based rural electrification programmes in developing re-
gions is the lack of advanced mass scale monitoring, which may
reduce the system’s lifetime, increase the failure of operation and
affect users’ confidence in SHSs.

3.5.4. World bank project-focused studies
Martinot et al. (2001) have examined the outcomes and

lessons learnt from 12 SHS-based World Bank projects imple-
mented between 1993 and 2001: pilot private sector and NGO
delivery models; pilot consumer credit delivery mechanisms; pay
first-cost subsidies and offer affordable system sizes; support
policy development and capacity; establish certification, testing
and enforcement institutions; and conduct consumer awareness
and marketing programmes. Sovacool (2018) has investigated
two SHS-based World Bank projects in Sri Lanka and Indonesia
with five lessons: financial institutions’ polycentric involvement,
flexibility in technological scope and geographic coverage, politi-
cal harmonisation and support, capacity building and awareness
and programmatic self-sufficiency.

4. Results

Based on the analysis of the lessons learnt from the 16 SHS-
based World Bank rural electrification programmes in developing
countries, the factors that hinder the successful implementation
are categorised into two aspects: internal and external factors
(Fig. 3). Internal factors refer to the barriers that emerge within
the project and arise primarily during the project’s design and
implementation. External factors refer to barriers that already ex-
ist in the societal context or that emerge outside the project and
its implementation. Compared to internal factors, external factors

are more difficult to define and resolve because these factors
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Fig. 4. Financial barriers, technical barriers and project design and implementation barriers that affect the successful implementation of the World Bank’s SHS-based
rural electrification programmes in developing countries.
are more complex, uncontrollable and unpredictable. Internal and
external factors may interact at the local level, resulting in new,
more complex and multilayered barriers, making a well-designed
rural electrification programme more difficult in terms of imple-
menting and achieving the desired policy effects, outcomes or
impacts.

4.1. Internal factors

This study identifies three major internal factors that affect the
successful implementation of the World Bank’s SHS-based rural
electrification programmes in developing countries: financial bar-
riers, technical barriers and project design and implementation
barriers (Fig. 4).

4.1.1. Financial barriers
Based on an analysis of the World Bank’s Implementation

Completion and Results Reports, the following four main financial
barriers are identified as per the frequency mentioned: barriers
on subsidies and investment support; barriers on risk manage-
ment and commercial viability; barriers on credit services and
support; and barriers on partnerships with the local banking sec-
tor, micro-finance institutions, private sectors and NGOs (Fig. 4).
See Appendix A for further information on the data and data
analysis.

(a) Barriers on subsidies and investment support (11 projects):
he results show that low household incomes, low electricity
emand, and high investment costs characterise the dispersed
ural markets of these SHS-based rural electrification projects.
herefore, it is vital to secure sustainable, effective, and timely
2827
government subsidies and investment to minimise uncertainties
and ensure the sale and use of the SHSs, particularly for poor
households. To ensure the successful implementation of such
projects, subsidies and investment funded by secure sources, such
as government funds, should also consider minimising economic
distortions, such as the excessive subsidies of tariff policy, and
maximising their performance, such as the productive uses of
SHS.

(b) Barriers on risk management and commercial viability (9
projects): The risks and commercial viability of SHS-based projects
for the supply side include the following potential barriers during
implementation (World Bank, 2012a, 2013a,b): (1) a large num-
ber of SHS vendors may enter the market as a result of grants
or subsidies, causing the market to become overcrowded and
resulting in low profits; (2) in a small and dispersed market, SHS
vendors may face bankruptcy, cease operations or have no profit;
(3) the price of new SHS modules may decrease significantly
owing to technological advances or increased SHS efficiency, such
as the introduction of LED bulbs if SHS vendors have too much
inventory; (4) the market may shrink owing to grid connection
and result in a massive withdrawal of SHSs; (5) the SHS vendors
have to be responsive to new and changing market conditions,
which may vary in different locations where electrification is
low; and (6) prices and services may be regulated or affected by
new policy interventions by governments or other institutions.
For the demand side, the end-users may stop repaying SHS loans
to credit institutions. To reduce purchase risks, the design of a
buy-back scheme could reduce rural households’ SHS purchase
risks when they obtain grid electricity and the SHS is no longer
needed (World Bank, 2013b). However, a World Bank project in
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angladesh found that, despite having grid services, most rural
ouseholds chose not to sell back their SHSs (World Bank, 2013b).
(c) Barriers on credit services and support (5 projects): For ru-

al households to afford an SHS, it is necessary to provide af-
ordable, reliable, and easy-to-access credit services. Flexibility
nd periodic reviews of credit market conditions should also
e considered. If their SHSs stop working, rural households in
eveloping countries are less likely to pay their SHS debts (World
ank, 2013b). SHS programmes can be made more sustainable by
ombining a credit system and after-sales services. When techni-
ians from micro-finance institutions visit households to collect
ayments, they can also provide maintenance and after-sales
ervices (World Bank, 2013b).
(d) Barriers on partnerships with the local banking sector, micro-

inance institutions, private sectors and NGOs (5 projects): The
micro-finance model increased low-income rural households’
willingness to use and pay for SHSs to access electricity and
improve household lighting (World Bank, 2013b). At the local
level, the institutional setup, outreach, and ongoing engagement
of the banking sector, micro-finance institutions, the private sec-
tor, and NGOs can help build trust and contribute to large-scale
and a higher uptake of SHSs (World Bank, 2013b,e). Further-
more, collaboration with local banks, micro-finance institutions,
the private sector, and NGOs can strengthen or stimulate SHSs’
productive energy use as well as the income-generating activities
of rural households and SMEs at the local level to enhance their
ability to afford and willingness to use SHSs (World Bank, 2013c).

4.1.2. Technical barriers
Based on an analysis of the World Bank’s Implementation

Completion and Results Reports, the following four main techni-
cal barriers are identified as per the frequency mentioned: barri-
ers on effective operation, maintenance and after-sales technical
customer service; barriers on qualified technical entities and pro-
fessionals; barriers on product quality assurance and monitoring;
and barriers on the availability and feasibility of other comple-
mentary energy technology applications (Fig. 4). See Appendix B
for further information on the data and data analysis.

(a) Barriers on effective operation, maintenance and after-sales
technical customer service (6 projects): The results indicate that,
at the local level, the main challenge is to provide efficient, reli-
able and affordable operation, maintenance and related technical
customer service in widely dispersed remote and rural areas. The
provision of long-term after-sales technical services and warranty
obligations can enhance the success of the SHS-based projects.

(b) Barriers on qualified technical entities and professionals (5
projects): Unqualified and/or undesirable private entities, such
as local private vendors, SMEs, NGOs and community-based or-
ganisations, that lack the required technical capacity to provide
after-sales services and warranty obligations may participate in
the project because of grants, subsidies or investment, caus-
ing frustration and/or conflicts among stakeholders (World Bank,
2012a). A pre-technical qualification process for SHS equipment
providers with the provision of guarantees must be introduced
to reduce the number of private entities (World Bank, 2012a).
Training of qualified local technicians for performing the SHS
operation, maintenance and after-sales service is essential.

(c) Barriers on product quality assurance and monitoring (2
projects): The lack of regulation in ensuring SHS equipment’s
performance and minimum quality was not addressed in some
World Bank projects (World Bank, 2013b,c). Therefore, establish-
ing a quality assurance of product performance and conducting
SHS quality monitoring, such as via a testing lab, random testing
and random spot checks, is critical at the start of a project (World
Bank, 2013b).

(d) Barriers on the availability and feasibility of other com-
plementary energy technology applications (2 projects): Failure to
2828
consider the availability and feasibility of other complementary
technology applications at the local level in some World Bank
projects may result in a costly and time-consuming restructur-
ing of rural electrification projects. From the lessons learnt in
the World Bank projects, complementing grid extension, isolated
mini-grid systems (Shyu, 2012, 2013), off-grid hybrid power sys-
tems (Mamaghani et al., 2016; Li et al., 2020) or other energy
technology applications, such as wind energy (López-González
et al., 2020; Leary et al., 2019), biomass (Demirci et al., 2022;
Kumar and Channi, 2022) or geothermal energy (Lebbihiat et al.,
2021; Hadjadj et al., 2021; Lebbihiat et al., 2022), with off-grid
SHS options for remote rural areas is a cost-effective and reliable
way to electrify rural areas.

4.1.3. Project design and implementation barriers
Based on an analysis of the World Bank’s Implementation

Completion and Results Reports, the following four main project
design and implementation barriers are identified as per the fre-
quency mentioned: barriers on the monitoring and evaluation of
the project; barriers on the sustainability of the project; barriers
on the development of local capacity; and barriers on clearly
defined project objectives (Fig. 4). See Appendix C for further
information on the data and data analysis.

(a) Barriers on monitoring and evaluation of the project (11
projects): SHS-based projects in rural areas should use a sim-
ple, easy, precise, flexible and robust monitoring and evaluation
mechanism, such as an independent verification agent and a KPI,
to track the project’s implementation, detect any implementation
flaws, assess the project’s achievement, assess its social and en-
vironmental impact and ensure compliance with local social and
environmental safeguards (World Bank, 2013c,d, 2017a, 2018a).

(b) Barriers on the sustainability of the project (4 projects):
Delivering higher amounts of electricity for productive energy
uses (World Bank, 2013c) and improving household living quality
after having access to electricity for basic lighting and electric
appliances is critical for the sustainability of SHS-based projects.
Continuous project engagement is required for the following rea-
sons (World Bank, 2012a): different stakeholders must grow into
their roles in the projects; stakeholders need to have the capacity
to identify problems; trust, relationships and networks need to
be built among the various stakeholders; and emerging problems
that typically appear several years later need to be addressed.
As a result, developing a long-term and sustainable involvement
scheme at the local level is crucial for the success of an SHS-based
project.

(c) Barriers on the development of local capacity (3 projects):
Building ownership, authority and responsibility of the imple-
menting bodies and providing resources, tools and skills to vari-
ous stakeholders to ensure the improvement of living conditions,
livelihood and income-generating activities are critical to the suc-
cess and sustainability of SHS-based rural electrification projects
(World Bank, 2012a,c, 2013d).

(d) Barriers on clearly defined project objectives (2 projects):
The effectiveness of short-term project design and political ob-
jectives in addressing long-term rural development challenges is
questioned in some World Bank’s SHS-based rural electrification
projects (World Bank, 2013d). The objectives of an SHS-based
project need to be clearly defined, with or without the inclusion
of other political or rural development objectives. A first-come,
first-served situation favoured some regions or areas that were
institutionally stronger and might deviate from the project’s ob-
jectives or the government’s social and economic objectives, such
as poverty reduction, as was the case in a project of the World
Bank in Argentina (World Bank, 2013a).
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Fig. 5. Social and cultural barriers as well as political and institutional barriers that affect the successful implementation of the World Bank’s SHS-based rural
electrification programmes in developing countries.
4.2. External factors

This study identifies two major external factors that affect
he successful implementation of the World Bank’s SHS-based
ural electrification programmes in developing countries: social
nd cultural barriers as well as political and institutional barriers
Fig. 5).

.2.1. Political and institutional barriers
Based on an analysis of the World Bank’s Implementation

ompletion and Results Reports, the following two main political
nd institutional barriers are identified as per the frequency men-
ioned: barriers on the institutional framework and its sustain-
bility; and barriers on political support and commitment from
he community and local political leaders (Fig. 5). See Appendix D
or further information on the data and data analysis.

(a) Barriers on the institutional framework and its sustainabil-
ty (8 projects): Rural electrification causes structural changes
in the electricity market, necessitating a regulatory review or
update as well as putting pressure on various local institutions
(World Bank, 2013d). Furthermore, new or modified policy and
regulatory frameworks are introduced to integrate SHS-based
projects into the national energy sector policy, energy regulatory
framework or tariff structure. As a result, the government must
not only develop and facilitate an institutional framework for
SHS-based projects but also ensure its long-term viability so that
various implementation bodies at the national and local levels
can work together (World Bank, 2006, 2012a, 2013e). A lack of
recognition for the institutional framework and sustainability can
lead to institutional inertia, inefficiency and ineffectiveness, all of
which can hinder project implementation (World Bank, 2013a).
Therefore, transparent, predictable, simple, effective, efficient and
2829
comprehensive institutional framework design and reform are
required.

(b) Barriers on political support and commitment from the com-
munity and local political leaders (2 projects): In some projects,
there are tensions between the long-term nature of rural SHS
electrification and short-term political goals (World Bank, 2013d).
The sustainable implementation of SHS-based projects in ru-
ral areas requires political support and commitment from the
community and local political leaders. The community and local
political leaders play an important role of organising and mobil-
ising various actors, resources and institutions at the local level
to develop and accelerate SHS-based projects.

4.2.2. Social and cultural barriers
Based on an analysis of the World Bank’s Implementation

Completion and Results Reports, the following four main social
and cultural barriers are identified as per the frequency men-
tioned: barriers on building trust, relationships, confidence and
partnerships among stakeholders; barriers on the sociocultural
perceptions of SHSs; barriers on maintaining ongoing dialogues,
coordination and cooperation among stakeholders; and barri-
ers on adapting to changing international and local conditions
(Fig. 5). See Appendix E for further information on the data and
data analysis.

(a) Barriers on building trust, relationships, confidence and part-
nerships among stakeholders (7 projects): The results indicate that
the bottom-up approach to SHS-based project engagement of
various local stakeholders is more likely to be successful and
meet local needs than the top-down approach of foreign private
operators and investors (World Bank, 2013c). Building partner-
ships or alliances, cultivating good relationships and trust and
empowering stakeholders among community leaders, social ser-
vice institutions and women in the community could help achieve



C.-W. Shyu Energy Reports 9 (2023) 2820–2838

g
a
v
f
S
n
p

s
i
n
(
i
g
o
l
h
a
p

c
u
m
e
s
c
a
r
i
d
t
f

d
s
c
o
c
c
t
a
S
t
s
o
(

5
m

5
g

p
i
u
s
w
i
a
s
e
o
r
r
r
c

reater sustainability (World Bank, 2012a, 2013d). The cultural
nd historical presence of micro-finance institutions, NGOs, pri-
ate vendors, SMEs and local leaders leads to a greater level of
amiliarity and trust among rural consumers, resulting in a higher
HS uptake (World Bank, 2013b). The stakeholder consultation
ecessitates soft sociocultural skills that can help spread SHSs in
ractice (World Bank, 2012a).
(b) Barriers on sociocultural perceptions of SHSs (4 projects): In

ome projects, low community and household interest in SHSs
s owing to a limited electricity generation capacity that can-
ot meet the communities’ and households’ electricity demands
World Bank, 2013c). The sociocultural perception of SHSs may
nfluence individuals’ willingness to use it, limiting its ability to
enerate income or improve living conditions. The dissemination
f SHS practices and benefits among interested parties, such as
ocal governments, community social service institutions, house-
old, SMEs and NGOs, is critical to inform various stakeholders
bout the potential benefits of SHSs, which could result in a
ositive change in their living conditions and livelihood.
(c) Barriers on maintaining ongoing dialogues, coordination and

ooperation among stakeholders (3 projects): In some projects, reg-
lar meetings and visits could strengthen stakeholder groups and
ake an SHS project successful by maintaining ongoing dialogue,
fficient coordination and effective cooperation among various
takeholders and beneficiaries (World Bank, 2012a). It is also
rucial to ensure that this coordination and cooperation network
mong various stakeholders and beneficiaries can function and
emain stable after the project is completed. Furthermore, hav-
ng conversations with various stakeholders and beneficiaries to
iscuss project closure and help them prepare for it can ensure
hat they understand and are aware that there will be no further
ollow-up of the projects (World Bank, 2012a).

(d) Barriers on adapting to changing international and local con-
itions (2 projects): Changes in international and local conditions,
uch as political and economic crises, international or internal
onflicts, wars and pandemics, may hamper the implementation
f SHS-based rural electrification projects in some developing
ountries with low rural electrification rates. To adjust to these
hanges, projects that have been designed rigidly and with lit-
le room for flexibility are likely to face significant delays and
dditional costs (World Bank, 2013a). Therefore, the design of
HS-based projects should be flexible to adapt to changing in-
ernational conditions as well as local conditions that may arise,
uch as the government’s policy orientation, national rural devel-
pment goals and local economic, social and cultural conditions
World Bank, 2006, 2013a).

. Discussion: Policy implications and recommendations for
eeting SDG7 by 2030

.1. External factors are key to the success of electrification pro-
rammes in remote rural areas

The success of the World Bank’s SHS-based rural electrification
rojects is highly influenced by external factors such as political,
nstitutional, social and cultural barriers, which are complex,
ncontrollable and difficult to predict and resolve. The findings
uggest that rural electrification for the remaining population
ithout access to electricity should not be limited to the project’s

nternal factors, such as those concerning the finance, technology
nd project aspects, which are commonly addressed and empha-
ised. The rural electrification programme is not a panacea to
nsure the desired policy outcomes. To ensure the sustainability
f electrification, the design and implementation of SHS-based
ural electrification programmes for the remaining remote ru-
al areas of developing countries with varying local conditions
equires the implementation body and stakeholders to have a
ombination of social, political and cultural knowledge and skills.
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5.2. Securing affordability for the remaining population without ac-
cess to electricity

When measured on a per capita basis, the LDCs, particularly in
Sub-Saharan Africa, received far less international public funding
in support of clean and renewable energy than the global average
(IEA, 2022d). The current population of people who do not have
access to electricity is frequently the poorest in society. For them,
a long-term financing plan at the local level is essential. Whether
using government or international subsidies, private investments,
donor funds, end-user micro-finance, tariff and pricing structures,
local markets, entrepreneurial skills or a combination of these
financial resources and tools, the design of such a scheme must be
innovative, sustainable, bottom-up and adaptable to local condi-
tions. More international public funding in support of improving
access to electricity in low-electrification countries also needs to
be allocated and secured to achieve SDG7 by 2030.

5.3. Balancing SHSs with possible future grid extension, mini-grid
distribution systems or other complementary energy technology ap-
plications while planning

The possibility of a grid connection could significantly impact
SHS-based rural electrification programmes. When planning, it
is important to include the possibility of a future grid exten-
sion, mini-grid distribution system development or other comple-
mentary energy technology applications. The key to a successful
SHS-based rural electrification programme is balancing grid ex-
tensions, mini-grid distribution systems and stand-alone SHSs
in a timely and cost-effective manner (Practical Action, 2016).
Solar systems are becoming more affordable, making mini-grid
electricity more competitive with grid extensions, such as solar
or solar-diesel hybrid mini-grids (Practical Action, 2016). Even if
these remote rural areas have grid access, according to the results,
power outages, interruptions and insufficient power are likely to
occur frequently. SHSs can still play an important role as a backup
power source regularly or daily according to the results.

5.4. Including multi-stakeholders at the local level with a service-
based approach rather than a supply-based approach

Integrating rural electrification with the actual needs of the
energy-poor and women at the household and community level
as well as providing space and support for the stakeholders
involved is critical (Practical Action, 2013, 2014, 2016). Having
access to electricity via SHSs does not always imply a signif-
icant improvement in socioeconomic conditions (Shyu, 2013).
To provide poor rural communities with sustainable access to
electricity, household electricity needs must be respected and
integrated into their daily lives and livelihoods. How electricity
is used and for what purposes at the local level as well as with
what impact on people’s lives comprise a central issue. A service-
based approach, rather than a supply-based approach (Practical
Action, 2013, 2014; 2015; 2016), can increase the sustainability
of SHS-based rural electrification programmes.

5.5. Adopting a holistic approach that involves not only SDG7 but
also other SDGs and national development plans

Electrification programmes for a population without access to
electricity in the remaining remote rural areas bring not only
electricity to the people but also the potential effects of elec-
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Table A.1

Project Lessons cited or summarised from the World Bank Implementation
Completion and Results Reports

Identified financial barriers

Sri Lanka
Renewable Energy for Rural
Economic Development Project
(2002–2011)

Performance-based subsidies to SHS vendors work well (World Bank,
2012a)

Subsidy and investment support

Risk analysis should be carried out during implementation (World Bank,
2012a)

Risk management and commercial
viability

Bangladesh
Rural Electrification and Renewable
Energy Development Project
(2002–2012)

Providing a minimal subsidy per SHS allowed poor rural households to
purchase SHSs (World Bank, 2013b)

Subsidies and investment support

The outreach of micro-finance institutions and NGOs can contribute to
large-scale and a greater uptake of SHSs (World Bank, 2013b)

Partnerships with the local banking
sector, micro-finance institutions, private
sectors and NGOs

Flexibility in adapting to changing market needs is crucial to the success of
an SHS project (World Bank, 2013b)

Risk management and commercial
viability

Consumer buy-back scheme reduced rural households’ SHS purchase risks
when the households received grid electricity, and the SHS might become
unnecessary (World Bank, 2013b)

Selling systems on credit can be important for system maintenance (World
Bank, 2013b)

Credit services and support

Mongolia
Renewable Energy and Rural
Electricity Access Project
(2006–2012)

Ensure financial sustainability, market development, subsidies, and reliable
credit services (World Bank, 2006)
Balance between cost recovery and affordability with smart subsidies
(World Bank, 2012b)

Subsidies and investment support
Risk management and commercial
viability
Credit services and support

Lao PDR
Rural Electrification Phase I Project
(2006–2012)

The government developed a financing mechanism, e.g., subsidy and tariff
policies, to ensure the achievement of the targets in a timely and effective
manner (World Bank, 2013e)

Subsidies and investment support

Continuous bank engagement is essential for the lasting impact of rural
electrification programmes (World Bank, 2013e)

Partnerships with the local banking
sector, micro-finance institutions, private
sectors and NGOs

The SHS programme must be reevaluated in terms of the unprecedented
success of grid extension, which may result in the mass withdrawal of
SHSs, market shrinking, and increased cost of services (World Bank, 2013e)

Risk management and commercial
viability

Philippines
Rural Power Project (2003–2012)

Demand-driven, upstream, and flexible credit operations and periodic
reviews of credit market conditions are needed (World Bank, 2013f)

Credit services and support

Commercial viability owing to the limited economies of density and high
cost of services in some remote areas of the Philippines (World Bank,
2013f)

Subsidies and investment support
Risk management and commercial
viability

Cambodia
Rural Electricity and Transmission
Project (2005–2012)

Subsidies, financing, grants, investment, customer affordability, and
customised support for productive uses should be in place with a demand
base, instead of purely commercial principles (World Bank, 2012c)
Service providers should be allowed to recover their costs through a
combination of government support and tariffs (World Bank, 2012c)

Subsidies and investment support
Credit services and support

Argentina
Renewable Energy in the Rural
Market Project (1999–2012)

Subsidies are necessary for dispersed rural markets (World Bank, 2013a) Subsidies and investment support

Peru
Rural Electrification Project
(2006–2013)

Reliable funding for subsidies and investment support (World Bank, 2013d) Subsidies and investment support

Mali
Household Energy and Universal
Access Project (2003–2012)

Partnerships with the local banking sector must be strengthened to
stimulate income-generating activities after electrification (World Bank,
2013c)

Partnerships with the local banking
sector, micro-finance institutions, private
sectors and NGOs

Guinea
Decentralised Rural Electrification
Project (2002–2013)

High capital costs, greater demands, and risks on operators (World Bank,
2015c)

Subsidies and investment support
Risk management and commercial
viability

Private financial institutions play a significant role during implementation,
and aligning the incentives of the institution is important (World Bank,
2015c)

Partnerships with the local banking
sector, micro-finance institutions, private
sectors and NGOs

(continued on next page)
trification, which can alter the lives of people, household and
communities in terms of human, economic and social develop-
ment. Other SDGs can also benefit from the spill-over effects
of SHS-based rural electrification programmes, including poverty
reduction (SDG1), food production and security (SDG2), essential
healthcare services (SDG3), equitable quality education (SDG4),
improvement of gender inequality (SDG5), generation of local
2831
economic activities and employment (SDG8), reduction of in-
equality within and among countries (SDG10), safe and sustain-
able human settlements (SDG11) and climate change mitiga-
tion (SDG13) (United Nations, 2022b). Rural electrification pro-
grammes that incorporate innovative SDGs and national develop-
ment plans can multiply the effects of electrification and human



C.-W. Shyu Energy Reports 9 (2023) 2820–2838
Table A.1 (continued).
Project Lessons cited or summarised from the World Bank Implementation

Completion and Results Reports
Identified financial barriers

Ethiopia
Electricity Access (Rural) Expansion
Project (2007–2014)

Business model, financial incentives, customer affordability, subsidy
policies, financing mechanism, and feed-in tariffs must be addressed
(World Bank, 2015b)

Subsidies and investment support
Risk management and commercial
viability
Credit services and support

Risk-sharing mechanisms must be addressed (World Bank, 2015b) Risk management and commercial
viability

Uganda
Energy for Rural Transformation
Project (2009–2016)

Lack of involvement and interest of the private sector (World Bank, 2017a) Partnerships with the local banking
sector, micro-finance institutions, private
sectors and NGOs

Tanzania
Energy Development & Access
Expansion (2007–2017)

SHS market relied heavily on government procurement and was not
sufficiently adaptable to changing dynamic market circumstances (World
Bank, 2018b)

Subsidies and investment support
Risk management and commercial
viability
Table B.1

Project Lessons cited or summarised from the World Bank Implementation
Completion and Results Reports

Identified technical barriers

Sri Lanka
Renewable Energy for Rural
Economic Development Project
(2002–2011)

After-sales services and warranty obligations are not respected (World
Bank, 2012a)

Effective operation, maintenance, and
after-sales customer service

Unqualified and/or undesirable private entities are drawn by grants (World
Bank, 2012a)

Qualified technical entities and
professionals

Bangladesh
Rural Electrification and Renewable
Energy Development Project
(2002–2012)

It is crucial to establish a quality assurance of product performance at the
beginning of a project, and quality monitoring is essential (World Bank,
2013b)

Product quality assurance and
monitoring

Mongolia
Renewable Energy and Rural
Electricity Access Project
(2006–2012)

After-sale service must be accessible to a dispersed population (World
Bank, 2012b)

Effective operation, maintenance, and
after-sales customer service

Lao PDR
Rural Electrification Phase I Project
(2006–2012)

Complementing grid extension with off-grid SHS options for remote rural
areas (World Bank, 2013e)

Availability and feasibility of other
complementary energy technology
applications

Cambodia
Rural Electricity and Transmission
Project (2005–2012)

Local private developers may not have the capacity and technical support
for post-installation operation, and maintenance arrangements are critical
(World Bank, 2012c)

Effective operation, maintenance, and
after-sales customer service

The choice of an appropriate SHS size should be based on a robust upfront
analysis of varying household needs and suitable delivery approaches
(World Bank, 2012c)

Availability and feasibility of other
complementary energy technology
applications

Argentina
Renewable Energy in the Rural
Market Project (1999–2012)

Promote the use of local resources in terms of technical qualifications to
develop an effective renewable energy system market and achieve
sustainable operation (World Bank, 2013a)

Qualified technical entities and
professionals

Sustainability of the operation needs effective maintenance and affordable
customer service in a market owing to technical complexity (World Bank,
2013a)

Effective operation, maintenance, and
after-sales customer service

Peru
Rural Electrification Project
(2006–2013)

Assurances to service providers and distribution companies (World Bank,
2013d)

Effective operation, maintenance, and
after-sales customer service

Mali
Household Energy and Universal
Access Project (2003–2012)

The performance of equipment must be improved, and the lack of
regulation in ensuring the minimum quality of the equipment must be
addressed (World Bank, 2013c)

Product quality assurance and
monitoring

Sierra Leone
Energy Access Project (2013–2017)

The lack of technical know-how and technical capacity (World Bank,
2018a)

Qualified technical entities and
professionals

Ethiopia
Electricity Access (Rural) Expansion
Project (2007–2014)

The need to establish a technically qualified private network of energy
service delivery companies or small local organisations (World Bank,
2015b)
Special attention on training local technicians in the installation of an SHS
is required (World Bank, 2015b)

Qualified technical entities and
professionals

Tanzania
Energy Development & Access
Expansion (2007–2017)

Technical assistance and building technical capacity play an important role
(World Bank, 2018b)

Effective operation, maintenance, and
after-sales customer service
Qualified technical entities and
professionals
development on people and communities. International coopera-
tion of SHS-based rural electrification programmes also facilitates
the achievement of SDG17 for strengthening the means of im-
plementation and revitalising global partnerships for sustainable
development (United Nations, 2022b).
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6. Conclusions

This study emphasises the critical role of technology options,
SHS, in achieving SDG7 by 2030 by providing electricity to the
world’s remaining population without access to electricity. Based
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Table C.1

Project Lessons cited or summarised from the World Bank Implementation
Completion and Results Reports

Identified project design and
implementation barriers

Sri Lanka
Renewable Energy for Rural
Economic Development Project
(2002–2011)

Long-term involvement is essential (World Bank, 2012a) Sustainability of the project

The implementing body needs to have ownership, authority, responsibility
to function independently and resolve issues on its own (World Bank,
2012a)

Development of local capacity

Lao PDR
Rural Electrification Phase I Project
(2006–2012)

It takes far longer than one project cycle to influence energy sector
policies and institutional capacity building. Sustainability of an SHS
programme requires long-term attention and strategy during and beyond
the project life (World Bank, 2013e)

Sustainability of the project

The government developed a monitoring mechanism to ensure the
achievement of the targets in a timely and effective manner (World Bank,
2013e)
Management of the social and environmental impact of the project
implementation (World Bank, 2013e)

Monitoring and evaluation of the project

The government set clear targets for electricity access to ensure the
achievement of the targets (e.g., targeting the gender and extreme poverty
dimensions of rural electrification) in a timely and effective manner
(World Bank, 2013e)

Clearly defined project objectives

Philippines
Rural Power Project (2003–2012)

Ensure sustainability in different ways (World Bank, 2013f) Sustainability of the project

Cambodia
Rural Electricity and Transmission
Project (2005–2012)

A well-designed M&E framework is essential, and sector-level goals should
be included (World Bank, 2012c)

Monitoring and evaluation of the project

Decision-makers should equip key sector participants, including permitting
bodies, financing institutions, developers, regulatory entities, etc., with
necessary resources, tools, and skills (World Bank, 2012c)

Development of local capacity

Argentina
Renewable Energy in the Rural
Market Project (1999–2012)

The effectiveness of short-term instruments in addressing long-term rural
development challenges (World Bank, 2013a)

Sustainability of the project

Identification of project areas, regions, and population in line with
government’s policy orientation (World Bank, 2013a)

Clearly defined project objectives

Effective identification of the social and environmental impact of the
projects to safeguard the implementation of the projects (World Bank,
2013a)

Monitoring and evaluation of the project

Peru
Rural Electrification Project
(2006–2013)

Potential conflict between the long-term nature of rural electrification and
short-term political objectives requires a sustained commitment and
understanding by the authorities to avoid distortions in the programme’s
design and implementation (World Bank, 2013d)

Clearly defined project objectives

Effective identification of social and environmental impact (World Bank,
2013d)
Effective monitoring and evaluation of the project needs precise key
performance indicators (KPIs) (World Bank, 2013d)

Monitoring and evaluation of the project

Building the capacity of communities, individuals, and NGOs to improve
livelihoods through the use of electricity (World Bank, 2013d)

Development of local capacity

Mali
Household Energy and Universal
Access Project (2003–2012)

Simple and robust monitoring for project implementation (World Bank,
2013c)

Monitoring and evaluation of the project

Burkina Faso
Energy Access Project (2007–2014)

Early detection of implementation weakness and the monitoring and
evaluation of the project, such as tender design, procurement procedures,
mixing objectives (electricity and fuel wood substitution), too many
institutions, human resources of agencies, financial management, safeguard
guidelines, and beneficiary survey, can prevent implementation delays
(World Bank, 2015a)

Monitoring and evaluation of the project

Guinea
Decentralized Rural Electrification
Project (2002–2013)

Social and economic consequences within the beneficiary communities
must be (World Bank, 2015c)
A well-designed M&E framework should be in place and allow for the
uncertainties of financing, technology, and approach aspects (World Bank,
2015c)

Monitoring and evaluation of the project

Sierra Leone
Energy Access Project (2013–2017)

Compliance with social and environmental safeguards are essential in
fragile environments (World Bank, 2018a)
Adequate M&E and compliance with social and environmental safeguards
are essential for effective supervision in fragile environments (World Bank,
2018a)

Monitoring and evaluation of the project

(continued on next page)
on the field experiences of the 16 SHS-based World Bank electri-
fication projects that were implemented in the remote rural areas
of developing countries with low-electrification rates from 2000
to 2020, this work identifies three major internal factors and two
external factors that may affect the successful implementation.
2833
The internal factors that emerge within the project and arise
primarily during its design and implementation include the fol-
lowing: (1) financial barriers: barriers on subsidies and invest-
ment support; barriers on risk management and commercial vi-
ability; barriers on credit services and support; and barriers on



C.-W. Shyu Energy Reports 9 (2023) 2820–2838
Table C.1 (continued).
Project Lessons cited or summarised from the World Bank Implementation

Completion and Results Reports
Identified project design and
implementation barriers

Ethiopia
Electricity Access (Rural) Expansion
Project (2007–2014)

Project implementation was affected by extensive delays and unanticipated
risks (World Bank, 2015b)

Monitoring and evaluation of the project

Uganda
Energy for Rural Transformation
Project (2009–2016)

Effectiveness of independent verification agents plays a key role in
achieving the project objectives and monitoring the progress of the project
implementation (World Bank, 2017a)

Monitoring and evaluation of the project

Mozambique
Energy Development and Access
Project (2010–2017)

Project objectives must be clearly defined (World Bank, 2017b) Clearly defined project objectives

Tanzania
Energy Development & Access
Expansion (2007–2017)

Social and environmental safeguards aspects must be systematically
addressed and dealt with (World Bank, 2018b)

Monitoring and evaluation of the project
Table D.1

Project Lessons cited or summarised from the World Bank Implementation
Completion and Results Reports

Identified political and institutional
barriers

Mongolia
Renewable Energy and Rural
Electricity Access Project
(2006–2012)

Ensure a rural electrification programme’s institutional sustainability and
integrate the programme into energy sector policy, energy regulatory
framework, and tariff structure (World Bank, 2006)
Focus is needed on institutional aspects to avoid institutional deficiencies
that threaten long-term sustainability (World Bank, 2012b)

Institutional framework and its
sustainability

Lao PDR
Rural Electrification Phase I Project
(2006–2012)

There are multiple implementers of electrification projects at both national
and provincial levels (World Bank, 2013e)
Donor support is united in a single programme and operated based on the
same operational guidelines to maximum efficiency (World Bank, 2013e)

Institutional framework and its
sustainability

Cambodia
Rural Electricity and Transmission
Project (2005–2012)

The basic policy and enabling regulatory environment should be simple,
transparent, and predictable (World Bank, 2012c)

Institutional framework and its
sustainability

Argentina
Renewable Energy in the Rural
Market Project (1999–2012)

Rural electrification entails structural changes in the electricity market that
require a revision or update of the regulatory regime (World Bank, 2013a)

Institutional framework and its
sustainability

Peru
Rural Electrification Project
(2006–2013)

Potential conflict between the long-term nature of rural electrification and
short-term political objectives requires a sustained commitment and
understanding of authorities to avoid distortions in the programme’s
design and implementation (World Bank, 2013d)

Political support and commitment from
the community and local political
leaders

Mali
Household Energy and Universal
Access Project (2003–2012)

Active and sustained participation of community leaders (World Bank,
2013c)

Political support and commitment from
the community and local political
leaders

Sierra Leone
Energy Access Project (2013–2017)

Changes in policies and energy sector (World Bank, 2018a) Institutional framework and its
sustainability

Ethiopia
Electricity Access (Rural) Expansion
Project (2007–2014)

Government commitment is needed to ensure longer-term sustainability
(World Bank, 2015b)

Political support and commitment from
the community and local political
leaders

A strong and clear institutional and policy framework for the planning and
implementation of off-grid electrification is important (World Bank, 2015b)

Institutional framework and its
sustainability

Tanzania
Energy Development & Access
Expansion (2007–2017)

Transparent, comprehensive, and stable government policies and regulatory
framework (World Bank, 2018b)

Institutional framework and its
sustainability

Mozambique
Energy Development and Access
Project (2010–2017)

The lengthy and unclear approval process of large contracts and
disbursement systems can affect project implementation (World Bank,
2017b)
Lack of understanding of the government’s large contract clearance
procedures and the lengthy approval process affects project
implementation (World Bank, 2017b)
Government accounts and systems caused delays in project
implementation, particularly flow-of-funds and disbursement system
(World Bank, 2017b)

Institutional framework and its
sustainability
partnerships with the local banking sector, micro-finance insti-
tutions, private sectors and NGOs; (2) technical barriers: barri-
ers on effective operation, maintenance and after-sales technical
customer service; barriers on qualified technical entities and pro-
fessionals; barriers on product quality assurance and monitoring;
and barriers on the availability and feasibility of other comple-
mentary energy technology applications; (3) project design and
2834
implementation barriers: barriers on the monitoring and evalua-
tion of the project; barriers on the sustainability of the project;
barriers on the development of local capacity; and barriers on
clearly defined project objectives.

The external factors that emerge outside the project and are
already existing in the societal context include the following: (1)
political and institutional barriers: barriers on the institutional
framework and its sustainability; and barriers on political support
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Table E.1

Project Lessons cited or summarised from the World Bank Implementation
Completion and Results Reports

Identified social and cultural barriers

Sri Lanka
Renewable Energy for Rural
Economic Development Project
(2002–2011)

Building trust and maintaining ongoing dialogue among various
stakeholders (World Bank, 2012a)

Building trust, relationships, confidence
and partnerships among stakeholders
Maintaining ongoing dialogues,
coordination and cooperation among
stakeholders

Bangladesh
Rural Electrification and Renewable
Energy Development Project
(2002–2012)

Culture and historical presence of microfinance institutions and NGOs leads
to greater trust and larger uptake of SHSs (World Bank, 2013b)

Building trust, relationship, confidence
and partnership among stakeholders

Mongolia
Renewable Energy and Rural
Electricity Access Project
(2006–2012)

Consumers are willing to pay for good quality and reliable products and
services if they are well informed (World Bank, 2012b)
Consumers can have access to SHS-related information, instructions,
sample items, and assistance for purchase (World Bank, 2006)

Sociocultural perceptions of SHSs

Rural energy programmes must maximise the private sector, e.g., SMEs,
social service institutions, communities, and stakeholders’ participation,
and build partnerships (World Bank, 2006)

Building trust, relationships, confidence
and partnerships among stakeholders

Transfer of international experience must be customised to suit local
conditions and the flexibility to change must be based on evidence on the
ground (World Bank, 2012b)
Take an integrated approach to link rural electricity services with rural
development, income-generating activities, and livelihood support (World
Bank, 2006)

Adapting to changing international and
local conditions

Lao PDR
Rural Electrification Phase I Project
(2006–2012)

Electricité du Laos has been a key and keen facilitator and front-line
partner in implementing electrification programmes (World Bank, 2013e)
Importance of partnerships for the national electrification programme
(World Bank, 2013e)

Building trust, relationships, confidence
and partnerships among stakeholders

Philippines
Rural Power Project (2003–2012)

Effective coordination of different government and donor initiatives,
including government, donor, and private sector solar PV initiatives,
targeting the same issue to avoid overlapping efforts and resource waste
(World Bank, 2013f)

Maintaining ongoing dialogues,
coordination and cooperation among
stakeholders

Argentina
Renewable Energy in the Rural
Market Project (1999–2012)

Importance of dissemination (World Bank, 2013a) Sociocultural perceptions of SHSs

Project design should be flexible enough to adapt to changing external and
internal conditions that may arise (World Bank, 2013a)

Adapting to changing international and
local conditions

Peru
Rural Electrification Project
(2006–2013)

Building alliances with and empowering local governments, distribution
utilities, and other local/regional stakeholders could be an effective way to
achieve greater sustainability (World Bank, 2013d)
Actively involving a considerable number of women (World Bank, 2013d)

Building trust, relationships, confidence
and partnerships among stakeholders

Improving the relationship between the client and the electricity company
(World Bank, 2013d)

Maintaining ongoing dialogues,
coordination and cooperation among
stakeholders

Helping create an awareness of project activities (World Bank, 2013d) Sociocultural perceptions of SHSs

Mali
Household Energy and Universal
Access Project (2003–2012)

Low interest from the community for SHSs owing to the limited electricity
generation capacity, which cannot meet the electricity demand (World
Bank, 2013c)

Sociocultural perceptions of SHSs

Partnership with the local banking sector must be strengthened to
stimulate income-generating activities after electrification (World Bank,
2013c)
Bottom-up approach of engagement of local private operators was
successful (World Bank, 2013c)

Building trust, relationships, confidence
and partnerships among stakeholders

Ethiopia
Electricity Access (Rural) Expansion
Project (2007–2014)

Potential roles of the banking institutions, private sector, rural
cooperatives, and PPP must be specified (World Bank, 2015b)

Building trust, relationships, confidence
and partnerships among stakeholders
and commitment from the community and local political leaders;
(2) social and cultural barriers: barriers on building trust, rela-
tionships, confidence and partnerships among stakeholders; bar-
riers on the sociocultural perceptions of SHSs; barriers on main-
taining ongoing dialogues, coordination and cooperation among
stakeholders; and barriers on adapting to changing international
and local conditions.

The policy implications from these lessons provide valuable
ractical knowledge and insights into the ongoing and upcom-
ng challenges to achieving SDG7—universal access to electricity:
1) for an electrification programme in a remote rural area to
ucceed, external factors such as political, institutional, social
nd cultural barriers must be overcome; (2) affordability for the
emaining population without access to the electricity needs to
2835
be secured; (3) balancing SHSs with possible future grid exten-
sions, mini-grid distribution systems or other complementary en-
ergy technology applications must be considered while planning;
(4) the inclusion of multi-stakeholders at the local level with
a service-based approach rather than a supply-based approach
needs to be considered; and (5) a holistic approach that involves
not only SDG7 but also other SDGs and national development
plans needs to be adopted.

According to the findings, the World Bank projects have suc-
ceeded in increasing access to electricity but encountered various
internal and external barriers and challenges that may limit their
effects and impacts. For individuals with pre-existing socioeco-
nomic disadvantages, it is even more important to address the
deep inequalities in electricity access that significantly affect
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