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Evaluating impacts of distributed solar home systems
in rural communities: Lessons learnt from Ghana
Energy Development and Access Project in the Upper
West Region of Ghana
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Abstract

This article made a modest impact assessment of isolated solar home systems (SHSs) installed via recently ended five-year
flagship Ghana Energy Development and Access Project (GEDAP) on the livelihoods of rural households in the Upper West
Region. A total of 250 solar users in both private households and rural clinics in 65 rural communities across 6 districts were
interviewed. Lessons learned in the aspects of energy services provision, financial model, local energy preference and practical
setbacks facing installed SHSs through GEDAP are discussed. For instance, in terms of energy preference, majority of rural solar
users (50%) preferred grid-tied electricity, although they were not connected to the grid yet as compared to 35% who preferred
both grid-tied and off-grid forms of electrification while 15% preferred off-grid solar technology. This then suggests that although
off-grid SHSs are a viable alternative energy generation option, they may not necessarily be a panacea for the energy poverty
situation in rural Ghana due to setbacks. For off-grid solar electrification to achieve parity with conventional energy sources, a
combination of increased system capacity, investment and political will is needed to make SHSs more competitive and deliver
sustained quality energy services for deprived rural communities where such place-based energy services are needed most for

sustainable rural development.
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1. INTRODUCTION

Rural environs can be electrified via a host of energy
interventions such as conventional grid extension, cou-
pled with distributed community mini-grids, individual
household systems, multifunctional platforms and central
charging stations with battery banks ([1]). Rural electri-

fication (RE) is indeed one of the means through which
abject energy poverty could be curbed for sustainable
development. Electricity generation systems based on
decentralized renewable energy technologies (RETs) have
nowadays shown a growing public awareness and often
recognized as cost-effective options available for provid-
ing energy services to households and micro-businesses
in remote locations (2). This surge in the deployment
and utilization of decentralized renewable energy-based
systems to expand energy access to the hinterlands is
motivated by a multiplicity of reasons:

e Concerns of negative carbon footprints via the use
of conventional fossil fuel resources (global warm-
ing) as well as geo-political tensions in oil produc-
ing regions, ageing infrastructure, natural disasters,
global oil price hikes and climate change issues are
a huge deciding factor ([3]).

e These prevailing concerns have been exacerbated
by massive increase in current and projected global
energy demand in both industrialized and indus-
trializing economies ([4]), which centralized energy
generation systems alone cannot fully meet.
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o Notwithstanding, approximately 1.3 billion people
worldwide still lack access to affordable, modern
energy with majority of them are resident in rural
sub-Saharan Africa and South East Asia as in 2011

([5))-

o Research and development (R & D) has led to dras-
tic reduction in production costs of particularly
solar cell development ([3]).

e A plethora of literature pointed to a strong uni-
directional and/or bi-directional causality correla-
tion between access to affordable and reliable mod-
ern electricity to the growth of Gross Domestic
Product (GDP) ([6])

e Clean modern energy services could assist in the
achievement of the Millennium Development Goals
(MDGs) ([7][8};[9];[10];[11]).

Among the RETs, solar photovoltaic (PV) is one of the
most commonly adopted energy generation technologies
in deprived rural locations globally and in rural Ghana.
For instance, the global installed capacity of solar PV
systems has tremendously increased to about 139 GW,
with a growth rate of around 22% from 2004 to 2013 ([2]).
The implementation of off-grid solar PV technology in RE
programs in Ghana has also shown an increasing historical
trend over the years ([12]), with current installed wattage
capacity of about 3.2 MW as in 2011 ([13]).

Despite the relative popularity of solar PV technology
compared to other RETS in Ghana, some past off-grid
solar projects implemented in the late 1990 and early
2000 were reportedly quite unsuccessful and unsustainable
([14]). In spite of reduction in production costs of solar
cells, the initial cost of acquiring SHSs is still relatively
high for majority of the rural poor to bear as well as its
limited energy services not being able to adequately meet
basic energy needs of rural folks ([15]). This then raises
two concerns: firstly, whether off-grid solar electrification
in Ghana can be a viable option and secondly, whether it
can ensure sustainable rural livelihood enhancement in
the country via the recently ended multi-donor sponsored
Ghana Energy Development and Access Project (GEDAP)
(see details of the GEDAP project in ([15])). This paper
therefore seeks to reflect on the lessons learned from
GEDAP and provide recommendations with respect to off-
grid solar PV efficacy to policy makers and other energy
sector players for possible consideration in subsequent
solar projects.

2. Materials and methods

2.1 Study area description and sites selection

This study was carried out in the Upper West region
(UWR) of northern hemisphere of Ghana from early
March to late May, 2011. UWR has a land area of

18,476 km2 constituting 12.7% of Ghana’s total land-
mass and a population of 702,110, with 48.6% (341,182)
males and 51.4% (360,928) females as enumerated in the
2010 Population and Housing Census ([16]). This region
is ethno-linguistically diverse with major ethnic groups
comprising Dagaabas, Sissalas and Waalas ([15]).

In terms of the national electricity coverage statistics,
UWR has the lowest penetration rate of about 40% in
comparison to the rest of the regions as in 2011([17]).
Thus, about 60% of the inhabitants was un-electrified
with majority of them are resident in the remotest villages
in the region. According to ([18]), UWR also has high
level of poverty and experiences out-migration of the
youth to the southern sector of Ghana in search of better
economic opportunities.

2.2 Solar PV surveys and sampling approach

Firstly, a reconnaissance survey was performed in 2 dis-
tricts (namely Sissala West and Sissala East districts)
to pre-test the structured questionnaires, which were
fine-tuned for effective implementation and extraction
of adequate information from local solar users. Using a
purposive sampling approach, the structured question-
naires were systematically administered to some selected
individual household members ([15]). The selection of
respondents for the interviews was primarily contingent
upon the ownership status and presences of installed SHSs
in a particular premises.

Household heads were particularly targeted for the
interviews with the view of extracting more information
since they are often regarded as the spokespersons in most
Ghanaian traditional settings ([15]). However, in situa-
tions where the household heads were not present during
the interview sessions, any household members willing
to volunteer information were subsequently interviewed
with the assistance of local interpreters.

Community nurses resident in rural clinics with SHSs
installations and including solar street lighting systems
(SSLs) were also interviewed. The questionnaires ad-
dressed data needs such as local energy sources, quality
and quantity of solar PV services, affordability of solar
PV technology and financing model used in GEDAP,
maintenance and management of balance-of-components
and sustainability of installed SHS. Also, group discus-
sions with local inhabitants and institutional interviews
with energy sector actors were conducted. Retrieval of
relevant secondary data was also done to better appreci-
ate and understand what other researchers have already
documented ([15]).

2.3 Data analysis

The collected primary data was prepared using standard-
ized Microsoft Excel application for generating tables
and percentages. In-depth content analysis of the inter-
views was done to have insight into how off-grid SHSs
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and SSLs contributed to betterment of local inhabitants’
livelihoods.

3. Results

3.1 Demography of respondents

Six administrative districts, totaling 250 solar customers
in 65 rural communities, were covered for this study rep-
resenting about 67% of the studied area see Table 1. An
average individual household size was 6.5 people while
averagely 2.5 nurses were resident in CHPS compounds.
In terms of gender composition, 64% of males and 36% of
females were sampled for this study. The smaller number
of females was interviewed since they were unwilling to
participate in the interviews largely due to cultural rea-
sons. About 80% of household heads and 20% consisting
of other household members covered.

Table 1. Distribution of the sampled population in the
studied area.

Districts Villages Resp % Resp
Sissala West 10 45 18.00
Sissala East 10 35 14.00
Lawra/Nandom 12 35 14.00
Wa West 14 59 23.60
Wa East 9 36 14.40
Nadowli 10 40 16.00
Total 65 250 100.00

Note: Resp = Respondents. As at the time of this
research was conducted, Lawra/Nandom district was not
then divided into two districts.

3.2 Lessons learnt from GEDAP initiative

3.2.1 Energy services provision

Energy is not wanted for itself but rather the associated
services that come along with it for consumption purposes.
That is, the energy carrier(s) are not the main interest
to the end-users but rather the benefits they get from
the use of electricity. The GEDAP project (via off-grid
solar electrification) principally focused on providing local
people with main energy services in two folds:

e Brighter lighting in both private households and
rural clinics.

e Vaccine refrigeration in rural clinics.

3.2.2 Financial model

The SHSs were installed free of charge in public rural
clinics via the Ministry of Power (MoP). As an imple-
menting agent of government of Ghana, MoP played
supervisory role to ensure successful implementation of
GEDAP project. To encourage individual ownership of
clean solar technology to improve rural livelihoods, a pi-
loted credit financial scheme was implemented. Thus,

GEDAP funds covered about 80% of the initial cost of
SHSs, while the rest of the cost was borne by the bene-
ficiary solar customers via micro-financial credit facility
taken from either participating Sissala Rural Bank (SRB)
and Nandom Rural Bank (NRB) at interest rates of 28%
and 26% respectively which was payable over 2 years.
Routine maintenance of the installed SHSs was done by
local technicians free of charge within the loan agreement
period. This piloted individual ownership of SHSs was
only limited to the Sisala West, Sisala East and the then
Lawra/Nandom districts ([15]). There was also a require-
ment to get a guarantor preferably a salaried worker.

3.2.3 Teething drawbacks of GEDAP initiative

One of the obvious setbacks of GEDAP-sponsored SHSs
was their limited wattage capacity. Hence, local ben-
eficiaries could only use lighting in the night for only
about 2-3 hours which is obviously not adequate to meet
other much desired energy needs such as ironing clothes,
powering personal fridges (for those who could afford)
and other productive uses of electricity, for example, in
agriculture since majority of them are subsistence farmers.
Other challenges included relatively high interest rates
charged by the participating rural banks, unavailability
of balance-of-components (BOC) at village level, lack of
technical know-how regarding basic maintenance culture,
inadequate monitoring exercises and cheaper grid expan-
sion with broader range of energy services, as highlighted

by ([15])-

3.2.4 Local preference for available energy sources

There was 100% acceptance for the ‘new’ solar technology
among those who were able to afford it. However, when
local people were asked the question which energy source
they would prefer, half of them indicated that they pre-
ferred grid-connected electrification (50%), 15% of them
still preferred to use off-grid solar PV electrification while
35% of them preferred both forms of RE systems.

4. Discussion

The decentralized stand-alone solar PV systems installed
via GEDAP provided a modest range of modern energy
services for the local end-users. The fundamental energy
service was brighter illumination which was very essential
for undertaking nocturnal activities in both rural clinics
and private homes.

In the health facilities, community nurses used so-
lar lights to handle emergency cases at night ('night
calls’) conveniently unlike previous use of limited movable
torches and smoky kerosene-dependent lanterns. In addi-
tional to brighter illumination, the continued availability
of cooled vaccines as a result of solar-powered refrigerators
for immunization exercises enabled nurses to save time
and energy so as to concentrate more on their work in
such deprived villages in the studied districts ([15]). The
presence of off-grid SHSs and associated energy services
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also serve as good incentive mechanism for retention of
rural health workers ([15]). This was similarly reported
in Zambia by ([10]) and in Nepal by ([19]). This could go
a long way to improve upon primary healthcare delivery
in such deprived villages. Indeed, the health of every
nation is a function of healthy people who work to en-
sure sustainable national development. The replacement
of kerosene-based lanterns used in both private homes
and clinics has reduced the risk of solar users suffering
from indoor air pollution (IAP). It was estimated that
off-grid solar lighting was likely to reduce the number of
household members being affected by indoor smoke from
kerosene lanterns by 50% ([20]).

In private households, GEDAP-sponsored SHSs with
mostly 50 peak Watt (Wp) installed under the piloted
second GEDAP phase provided solar lighting in the night
for household chores such as cooking meals, bathing and
movement in the evening due to brighter illumination
which was not the case.. The solar customers were also
able to use SHSs for free mobile phone charging, evening
studies by children at night even under veranda lights
([15]). The far-reaching solar lighting could serve many
household members at almost the same time unlike limited
movable traditional lighting sources such as flashlights
and lanterns. In both rural clinics and individual homes,
solar users were able to charge their mobile phone to con-
tinuously talk with relatives and friends in other villages
and urban centers and exposing children to educational
television programs (e.g. Presidential Distant Learning
Program).

According to ([15]), off-grid solar PV electrification
could affect rural capital types (social, financial /economic,
physical, natural and human) in varying degrees. Finan-
cially, without the intervention of GEDAP, local folks
could have found it very difficult to afford the SHSs.
With the installation of SHSs in their homes, solar users
could benefit from avoided costs via infrequent buying of
kerosene, candles, diesel, and dry-cell batteries for light-
ing purposes ([15]). The renewability, easily distributable
and environmentally-friendly (CO2 emission free) nature
and modularity of the solar PV technology, among oth-
ers, makes it suitable for the remotest and energy-poor
communities. The solar technology, therefore, has the
potential of fighting against inevitable global warming.

Notwithstanding, a myriad of teething challenges iden-
tified in GEDAP initiative ranging from financial impli-
cations, BOCs unavailability, system wattage capacity
limitation, low technical know-how to rapid grid exten-
sion could be serious threats to diffusion of SHSs and
long-term sustainability of the GEDAP initiative. ([21])
asserted that failures in policy and institutional structures
are the bane for SHSs dissemination in Ghana. For in-
stance, the generally limited wattage capacity of installed
solar modules could not adequately meet basic energy
needs of end-users unlike the conventional grid extension.

It was also revealed that the relatively high interest rates
charged by the participating rural banks were serving a
great disincentive to many solar customers and threat
to sustainability of these installed SHSs despite GEDAP
subsidies. It is still a handful of local people who could af-
ford the SHSs while the majority excluded also need such
modern energy services amounting to social exclusion.

Another challenge of unavailability of balance-of-components

(BOCQ) at village level made it difficult for immediate
replacement of dysfunctional BOC, as well as lack of tech-
nical know-how regarding basic maintenance culture of
solar technology on the part of the solar users. Addition-
ally, the relatively rapid and cheaper grid expansion with
broader range of energy services make expensive off-grid
solar less competitive energy source, as these drawbacks
were also highlighted by [15]. The low technical know-
how is a serious setback since that would lead to poor
maintenance of the installed SHSs ([15]).

The least local preference perception for off-grid SHSs
was partly attributable to the above outlined drawbacks
despite 100% acceptance by local end-users. The other
reasons for the preferential perceptions of different energy
sources among respondents were varied. The highest
preference perception for the grid-tied electricity was
as a result of its broad range of energy services at a
cheaper price vis-a-vis that of the off-grid SHSs with
limited range of energy services and still quite costly .
Those who preferred both energy sources was basically
for backup purposes in order to ensure continuous supply
of electricity (backup strategy). The least number of
them still preferred off-grid solar technology since it is
easily deployable and could provide brighter lighting than
traditional lighting sources, and therefore, an equally
good source of energy.

As ([3]) asserted, only decentralized energy systems
as a means of RE is not currently feasible and highly
desirable but rather a careful combination of both cen-
tralized and decentralized supply systems. According
to ([22]), to improve upon “Energy-Poverty Index Score
(EPIS)” of rural household members, they should invest
in reliable and quality energy delivery systems to improve
upon quality of life since they cannot save money with
frequent buying of poor traditional energy sources such as
kerosene, candles and dry-cell batteries. However, access
to modern electricity without linking it to productive uses
of energy such as promotion of local agri-business and
other economic activities to generate enough income to
diversify livelihood opportunities is likely to be ineffective.

5. Conclusion

Drawing from the lessons learnt in the GEDAP initia-
tive, isolated solar PV technology implementation in un-
electrified remote villages does have its pros and cons. For
instance, local people were able to get improved health-
care services, brighter lighting, cheaper mobile phones
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charging and among others at night through the instal-
lation of solar PV systems. On the other hand, these
basic essential benefits are not sufficient enough to sig-
nificantly better their standard of living as compared to
their counterpart in peri-urban and urban centers. This
is because the rural people are still faced with food inse-
curity, poor road networks, poor general infrastructure,
water scarcity and post-harvest losses and extra finan-
cial burden of acquiring new SHS systems by entering
into loan contractual agreements in the case of private
household users.

This therefore suggests that although the off-grid so-
lar technology is a clean alternative energy source yet it
may not necessarily lead to improved quality of life unless
conscious efforts are made to link solar PV services to
productive uses of electric power. As ([11]) indicated, con-
sistent and conducive policy and regulatory frameworks
are key to the successful dissemination of decentralized
renewable-based energy sources in especially Africa. Cre-
ating the enabling environment for RETs including solar
PV systems via sustained financial support and political
commitment in the country may help achieve low-carbon
economy and at the same time fight against global warm-
ing and its consequences.
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