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Abstract

This study assessed the diffusion of renewable energy technologies and its
impact on socio- economic development of rural livelihoods, focusing on the
ripple effect analysis of two policy choices: disseminating clean-burning, fuel-
efficient cook-stoves and photo-voltaic systems in HoimaDistrict, Uganda. The
specific objectives were: to assess the level of investment and themarket for
clean burning, fuel efficient cook-stoves, and to determine the socio-economic
benefits ofphoto-voltaic systems for street lighting, home and institutional use
in the development of rural livelihoods of the study area. The multistage
sampling technique was employed, beginning with the purposive selection of
Hoima District as the major study area. Secondly, respondents were
purposively selected for a desired sample size, where by a sample size of 146
respondents and 8 focus group discussions was taken. The data collected were
analysed using SPSS version 20 and STATA version 13.0 software. The results
from the regression model indicated that education level, household income,
household head occupation, access to information, training service and
technical support have facilitated accessibility and adoption of clean burning,
fuel-efficient cook-stoves and are statistically significant at 1% level.
However, all these variables are attributed to the availability of artisanal
fabricators that produce different sizes and designs of stoves at segmented
prices from various materials, satisfying the customers™ choices and
preferences. Age, distance from fuel sourcesand from the market negatively
affect the adoption at 10% level. Investment in fabrication on the other hand, is
still low, but highly influenced by cheap raw materials that are easily available,
high ready market, access to credit, expenditure levels and low levels of
education leading to unemployment because most of the fabricators are the
youth, implying an unemployed age bracket in the African trend. The study
also established that photo-voltaic systems significantly transform rural
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livelihoods through energy services, money savings, business activities,
environmental sustainability, employment, improved study conditions,
increased business opportunities all of them at 1% level; PVs increase fish
harvests and lead to emergence of new businesses like casinos, salons, and
football/cinema show centres (ebibanda), thus significantly transforming rural
communities. Therefore, the government should prioritise the investment and
promotion of the diffusion of renewable energy technologies to eradicate all
forms of poverty sustainably.

Keywords: Renewable energy, renewable energy technologies, energy in Africa, Hoima
District Uganda
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Energy is the life-breath and blood of every
modern society. Without energy, there is no life in
anation as it is an indispensable element in all aspects
of life, especially economic and human development.
The universal access to modern energy is directly
linked to the rest of the Sustainable Development
Goals (SDGs) and Agenda 2063; it is a weapon for
combating poverty, fostering economic growth and
improving health and gender equality (OECDI/IEA,
2017). However, most people in Sub-Sahara Africa
face severe energy poverty; it is the part of the world

with the largest number of people lacking access to

Africa Journal of Interdisciplinary Research 1(1)

modern energy. More than two thirds of the region“s
population, almost a half of the world*s total, has no
access to modern energy, yet 80% of these reside in
rural areas. The region is also dominated by
traditional forms of energy that are a threat to health
albeit the abundant endowment of energy resources.
Moreover, those with electricity access depend on the
under-developed system which is very expensive and
unreliable for their needs (OECD/IEA, 2014). See
Figure 1.1 below of how Africa appears at night
compared to other continents due to severe lack of

electricity access.

Figure 1.1: Map of Africa as seen from space at night
Source: NASA Earth Observatory, 2016

This energy poverty is escalated by the fast-growing
population in the region leading to high energy
demand. This critical challenge implies huge amount
of funds for investment to meet the target of universal

electricity access by 2025. It is estimated that $60
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billion is needed per year to achieve the target
(Heffron et al, 2017). Thus, energy deficit is an
impediment to economic development, especially in
the rural communities of Africa. This challenge must

be addressed in a more sustainable way, considering
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system thinking, to avoid repeating the past mistakes
made in the name of economic development that are
empirically evident globally as climate change effects
and other anthropogenic effects. A steady yet
accelerated transition in energy systems is inevitable
if we intend to make the world a better place for all
the generations. Climate change is global issue as
reflected by the “seven climate records in 2016:
melting of Arctic ice; consecutive hottest months;
hottest day in India ever; highest temperature in
Alaska; consecutive and biggest annual increase in
CO2; hottest Autumn in Australia ever; and highest
amount of destruction in Australia’s Great Barrier
Reef” (McCaauley & Heffron 2018). Some of the
climate change effects arise from energy emissions
that occur during various economic activities.
Therefore, a meticulous and holistic energy system
development of Africa™s abundant energy resources
would transform the continent to leapfrog from a
subsistence economy to a modern and desirable

economy.

Uganda, in particular, is one of the countries with
very low modern energy access. Electricity access at
national level stands at 26.70% from 15% by 2013
(10%:2010; 9%: 2006; 5.6%:1991) (World Bank,
2018). However, the question is, are these figures
enough to reflect the number of people utilising the

electricity in reality?

Electricity access does not necessarily mean being

Africa Journal of Interdisciplinary Research 1(1)

25

connected to electricity. The World Bank Group
developed a Multi-Tier Framework to define and
measure energy access since binary indicators are
insufficient in fostering and tracking the SDG?7.
Consequently, affordable, reliable and modern energy
should entail households, productive engagements
and community facilities with seven attributes:
capacity, duration, reliability, quality, affordability,
legality as well as health and safety (SE4ALL, 2016).

Uganda is one of the countries with the lowest energy
access yet already experiencing climate change
effects. Therefore, the Ugandan government aims to
achieve universal modern energy access by 2040 and
100% Renewable Energy by 2050. In spite of the
significant investment required and the high number
of different development programs related to
electricity access and renewable energy deployment,
analytical work and empirical evidence on the socio-
economic impacts of such efforts remains relatively
limited. Only a few studies have evaluated the
relationship  between inclusive solar  power
technologies access: photovoltaic systems for street
lighting, institutional and home applications and
human development indicators, and the vast majority
of these have focused on Asian and Latin American
countries (Lenz et al.,, 2015). With this study, the
intention is to shed light on boththe developmental
effect of obtaining access to modern energy and the
local value creation generated through renewable
energy deployment. the

Uganda is arguably
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country facing the most pressing energy needs yet
the region with little evidence on the topic. By
focusing on Uganda, this study hopes to bring a more
comprehensive and empirical-based evidence and
identify factors influencing accessibility and adoption
of clean burning, fuel-efficient cook-stoves among
rural communities, understand the socio-economic
impacts of inclusive solar power technologies as
street lights and institutional as well as solar home
systems in Hoima District, Uganda.

The global objective of the study was to assess the
diffusion of renewable energy technologies and its
impact on socio-economic development of rural

livelihoods in Hoima District-Uganda.

1. To determine the socio-economic benefits
of solar power technologies as PV systems for
street lighting, institutions and home applications in
the development of rural livelihoods in the study area.
2. To develop a policy brief and framework
the diffusion of Renewable

for accelerating

EnergyTechnologies in the study area.

1.What are the socio-economic benefits of solar
power technologies as PV systems for street lighting,
institutions and home applications as fully-fledged
policy programs for sustainable development in

Hoima District, Uganda?
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2.What should be done to accelerate the diffusion of
Renewable Energy Technologies in Uganda?

This literature will support our analysis of the ripple
effects generated by Scatec Solar*s investment in
Uganda. The second part of the chapter reflects on
the opportunities for value creation in the renewable
This
comprehensive review on the topic conducted by the

energy (RE) sector. will build on a
International Renewable Energy Agency and the
Clean Energy Ministerial (IRENA & CEM, 2014).
The third part of the chapter focuses on the
significance of improved cook-stoves as well as the
socio-economic impacts of improved electricity
access in developing countries and will support and
supplement our analysis of the ripple effects that
stems from electrification. Finally, the last section
highlights the description of the case study, Uganda

overview.

Many Sub-Saharan countries lack adequate financial
and technological resources to foster a sustained
socio-economic development. Although international
aid constitutes the largest contribution to external
financial inflows into the African continent, attracting
alternative finance is believed to be increasingly
important in order to close the
(UNCTAD, 2005; Ayanwale, 2007). The World

Bank defines FDI as: “a category of cross-border

resource gap
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investment associated with a resident in one economy
having control or a significant degree of influence on
the management of an enterprise that is resident in
another economy” (World Bank, 2016G).

Throughout the last three decades, the inflow of FDI
into the African continent has grown dramatically in
response to increasing economic globalization, higher
capital mobility and integration of financial markets
(UNCTAD, 2005). In recent years, slow global
economic growth has also made the faster- growing

African economies relatively more attractive.

In response to the rise in FDI and the expected
benefits there has been an ongoing debate regarding
theeconomic impact of FDI in developing countries.
The effect is widely discussed in both the theoretical

and empirical literature.

A central question to the assessment of value creation
in a RE sector is to what extent the value creation is
being generated locally where the RE project is
located, and how much of the value is a result of
imported inputs. This depends on the maturity of
the RE sector in the country where the project is
being realized. Domestic economies that cannot
supply the needed inputs to the value chain, must
import either the needed material or expertise. In the
following we present the opportunities for value

creation in the different segments of the RE value
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chain, with emphasis on the solar PV sector. We will
be looking at opportunities within the planning stage,
installation, connection,

manufacturing, grid

operation and maintenance.

For example, in planning phase, the project-planning
phase includes activities within resource assessments,
feasibility studies, and planning of infrastructure.
Experienced and specialized personnel are required
to conduct such activities. With many RE projects
being developed in a country, the level of domestic
know-how and expertise can be expected to be
substantial, which places a large share of the value
creation during the planning stage to the country.
Where the RE sectors are less mature, it is more
likely that foreign consultants are engaged in the

planning.

Enhancing education and training is thus important to
bridge the gap of skills that exists in some cases, in
order to retain the value creation at the local level. In
the solar PV industry, the planning phase mainly
consists of the planning and projecting of modules,
which can be undertaken by the installer or a project

developer.

In manufacturing phase; a certain degree of industrial
capability in the country is necessary to generate
value creation locally. If so, manufacturing can
generate value in all its processes and offer large job
creation potential depending on how technically

advanced the different production processes are. A
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Japanese study on the employment potential related

to manufacturing, construction, operation and

maintenance of solar PV and wind power

technologies  shows  that employment in

manufacturing stands for approximately 70 percent of
both PV and wind

overall for

(Matsumoto et al., 2011).

employment

The manufacturing process in the solar PV sector
includes the production of the PV modules, from
silicon and components for the balance of system
(inverters, mounting systems, combiner box and
(IRENA, 2012).
Manufacturing of PV cells and modules is mainly

other electrical components)
driven by technology innovation and economies of

scale.

Energy costs are also an important aspect for the
development of a PV manufacturing industry, while
labor costs play a less significant role as production is
highly automated. In the recent years, the
manufacturing of PV systems has been concentrated
to Asia due to large investments made in production
capacity in order to exploit the scale potential in the

production (IEA, 2014).

At installation phase, the installation process relates
to the construction and assembling of the renewable
power plant, and the coherent infrastructure works.
This phase includes labor-intensive civilengineering,
infrastructure  work

including  groundwork,

foundations, channeling, water supply, buildings and
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roads, which are typically delivered by local
companies. Complete system installations are more
complicated to conduct when it involves imported
equipment, which is often the case when installing
solar PV modules. The manufacturers of the modules
are therefore often involved in the installation
activities with their own equipment and personnel.
This leaves less work for local companies. Still, local
companies can participate in delivering required
services especially if the expertise already exists in

the local area.

This study employed a mixed methods approach
whereby both quantitative and qualitative were used.
lessen

This approach enables a researcher to

weaknesses of one method, offering combined
strengths of both methods, by engaging deductive
and inductive analysis in the same research study,
hence obtaining a comprehensive understanding of
the phenomenon (Cresswell, 2015). Also, a social
survey was conducted, whereby a cross-sectional
research design was used in which data from
respondents was collected at a single point at a time
whereby both purposive and cross- sectional data
collection approach were adopted. The population of
interest constituted people accessing and adopting
clean burning, fuel-efficient cook-stoves among rural
communities, stove fabricators, and users of solar

solar photovoltaic systems for street lighting, home
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and institutional application in Uganda. The sampling

units were households, local authorities and
institutions. Then, a systematic random sampling
procedure was used to select the sample size of 146
respondents and 8 focus group discussions from

Hoima District in Uganda.

The multistage sampling technique was employed in
this study. The first stage was the purposive selection
of Hoima District as the major study area. In the
second stage, respondents were purposively selected
to make a number of desired sample sizes. Then,
sample sizes of 146 respondents and 8 focus group

discussions were selected in 2019.

This study was conducted in the Mid-Western region
in Hoima District of Uganda. The area was chosen
because of the recent discovery of oil, of which
exploitation is expected to commence by 2020. The
area is now called the Qil City; therefore many
economic developments are taking place thus leading
to high population. Moreover, according to UBOS
(2017), electricity access in this area is very low,
estimated at 16.8% and 58.3 of the households were
using wick canister candles (tadooba) by 2014. Also,
the district performed best among the fourteen (14)
municipalities selected for USMID projects which
involved installing solar powered street lights.
Lessons for project replication could be drawn from

this area. According to the 2014 National Survey and
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Population Census, a total of 572,988 inhabited the
district on a surface of 3612.17km? land area.

The diffusion of solar energy technologies has had
remarkable positive impacts on the livelihoodsof the
people living in remote and isolated communities
where the national grid seems to be an enduring
myth. Moreover, some of the impacts are short term
whereas most of them are long term, leading to
sustainable development most especially in the area
of study, and these have been found to be both

economic and social benefits as presented below.

Economic Benefits

In this section, the benefits have been presented and
discussed in form of quotations and boxes to
highlight the original opinions of the respondents in
the various focus group discussions held during the
data collection. During field visits, the research
assistants also took photographs/pictures besides
translations, and some of the pictures have been
attached at the end of this report in the appendix. The
following are the economic benefits of solar

photovoltaic systems usage in the rural areas.

Enhancement of Fishing Activity
Like any other resourceful lake around the world, the

shores of Lake Albert are filled with various landing
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sites. The major economic activity here is fishing.
Today, everything requires creativity andinnovations.
The artisanal fishermen around the lake have greatly
increased their level of income through the
utilization of the solar photovoltaic systems lights.
They charge their batteries during the day, and at
night, they board their boats to go fishing with the
batteries and solar lanterns. From the focus group
discussion with the respondents, one of the
respondents supposed, “the solar lanterns are a good
deal to us as fishermen. They help us in finding the
right direction, empty our boats, and perform other

tasks pertaining to fishing at night.”

Another respondent also argued,

“The lanterns you see here are used to attract more
fish. We used to go fishing with kerosene tin lamps
which were not bright enough. Nowadays, we are on
another level due to technology. These solar lanterns
attract more fish and results into increased fish
catches. Consequently, our food and income have

also increased due to the availability of solar PVs.”

The fishing activity is majorly conducted at night in
Uganda. Previously, the fishermen would do their
work at night using kerosene candles and/or
inexpensive torches. However, these lights are not
bright enough and kerosene lamps are ,,dirty” sources
of light, apart from not being sustainable: the
utilisation of kerosene lamps is hazardous because in
involves health issues according to Mills, 2012. It is

also inefficient and very expensive in the long run.
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According to research, for the case of kerosene, one
boat is capable of using “between 1 and 2 liters of
fuel” while emitting a “substantial amount of the
greenhouse carbon dioxide (CO2) to the atmosphere”
(Gengnagel et. al., 2013). A research carried out to
assess the best substitutes for conventional energy
used by Tanzanian fishermen revealed that the
fishermen preferred paying six times for a solar LED

light to paying for pressured kerosene lamps (ibid.).

In our study, it was established that the solar lanterns
have now significantly improved productivity by
increasing fish harvests and enabling fishermen to
perform the fishing activity smoothly at night. The
increased productivity has added another value on the
availability of nutritious food (fish) and increased
income. However, this technology may lead to
are taken into

overfishing if no precautions

consideration.

The fishing activity is also enriched due to the fact
that some fishermen preserve their fish harvests in
freezers using solar power so that they are sold at
better prices without losing value. It should be noted
that most of these areas around lake Albert are in
escarpments, where the grid is not viable at all. The
terrain makes it very difficult for the national grid to
be feasible, and the transport network is not well
developed. Thus, solar energy is the best alternative
to add value to fishing and other economic activities
in the area for improved income generation. This

analysis is further evidenced by photo plate.1l as
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attached in the appendix.

Casino Betting

Among emerging businesses that are booming due to
the increased diffusion and adoption of Solar
Photovoltaic is casino betting, where people insert
some money (coins) in a machine and either get more
money if they are lucky or lose it to the business
owners. It is a way of earning money by both the
customer and the owner through gambling. These
machines cannot operate without electricity,
therefore, without solar power, such games would not
be available in remote and isolated communities
where the central grid is not viable at all. The study
revealed that casino betting is becoming a popular
way of earning a living in an instant manner, and the
machines are powered by solar energy as seen in

Photo Plate 2 as attached in the appendix.

Charging Stations by Entrepreneurs

Entrepreneurs are benefitting by earning daily
income from charging public mobile phones and
radios. There are different established kiosks and
centres where people without electricity bring their
phones and radios to be charged. This is a very
lucrative business because almost every adult in
Uganda can now afford a mobile phone. With
increased technology, many people either use
rechargeable radios or phones to listen to the news or
music. Therefore, the charging stations receive
enough customers every day since the majority of the

rural people cannot afford to have their own solar
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systems. In addition, the people in charge of running
the charging businesses have diversified their
services by introducing the sale of other goods and
services such as cold drinks, bread, phone and radio
accessories among others. Selling various goods at
these centres have led to attraction of more customers
the owners® income, hence

and increased

experiencing the ripple effect of installing PV
systems. This is evidenced in photo plate 3 in the

appendix.

Barbers’ Shops and Salons

The study found out that, even people in rural
communities are able to keep themselves kempt by
not having to move to urban centres in search of
barbers or hair dressers. There were a few
establishments of barbers® shops and salons. Since
there is no grid connected electricity, all these are
The

entrepreneurs in these businesses are earning good

powered by solar photovoltaic systems.
money while the clients are being well-groomed.
Thus, both the clients and the salon owners are

benefiting from diffusion of solar power technology.

We are privileged to have solar power in our village
because it has improved the quality of lives. Before
the coming of solar here, we would spend money on
transport to urban centers to have our hair dressed,
but now we do it from our own village due to the
presence of solar electricity.no more spending extra

money. It is really amazing!
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one of the women in the focus group said.

Increased Business Hours

The study recorded that due to the diffusion of solar
photovoltaic systems, there was an increase in
working hours for micro business people in the area.
Most of these were general merchandise shopkeepers,
and restaurant attendants who stated that they would
retire for the day as early as sixin the evening (6:00
PM) before the installation of the panels. The
extension in the number of working hours recorded
ranged between 2 to 5 hours, which implies more
income for them. In the study done by (Obeng and
Evers, 2010), it was recognized that solar electricity
made significant contribution towards the flourishing
of rural micro businesses through extending working
hours at night in Ghana. In addition, (Attigah and
Mayer-Tasch, 2013) reported an increase in the
income generated by attracting more customers in the
evening. The surge in income was attributed to the
extended hours of business operations after the

installation of PVS in Uganda.

Emergence of New Business Activities

Some of the responses from the interviewees showed
that after the installation of the solar panels, new
business activities evolved. Examples of these
activities included charging other people™s phones
and radios, football shows and sale of cold drinks
among others. Of all, the sale of cold drinks due to
refrigeration was the commonest, since the company

(Solar Now) that sold the solar equipment to most of
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the respondents, also offered them a fridge as part of
the package. This idea was a great one since the area
has high temperatures, especially along the rift valley
area, the reason why cold drinks have gained

popularity, hence generating more income.

The findings show that some enterprises added value
after the acquisition of solar power. For example,
bars attracted more customers by playing music and
selling cold beer. Moreover, most of the restaurant
owners increased their income significantly after the
installation of the PV systems because they attracted
more customers through music and sale of
refrigerated/cold drinks. This increase is attributed
to the fact that having a good meal accompanied by a
soft cold drink and some sweet music in the
background is super relaxing, especially after some
hectic work. The devices used to enhance this
improvement are radios, televisions and fridges that
are definitely powered by the PV systems. (Scott, et
al., 2017) argue that PVs are capable of empowering
enterprises to use low-wattage televisions and run
refrigerators to sell cold drinks, both of which attract
customers This increase is indeed regarded as a
ripple effect of the dissemination of solar energy

systems inthe rural communities of Uganda.

Employment Opportunities

The diffusion of solar photovoltaic systems in the
rural communities of Uganda has accelerated the
creation of jobs, though at a low rate. A few

respondents reported that after the installation of the
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solar panels, they created new jobs for different
people. The number of jobs crated ranged betweenl
and 3. However, most of these jobs were informal
ones, ranging from running barbers” shops, selling
cold drinks, attending casino betting machines to
operating mobile money kiosks and mobile phone
charging stations. In fact, there are formal jobs
involved also; the technicians responsible for the
consultation, assembling, installation and repair and
maintenance of the systems are also employed in the
sector. More to that, there are a variety of
independent shops selling the solar equipment both in
urban and rural areas, implying that their attendants
are also employed in the same sector. In fact, a
number of people have been able to generate income
by working in this sector. The diffusion of solar
energy technologies has great potential to create
various employment  opportunities such  as
installation, repairs and mantainence for the local
communities thereby increasing expertise. These jobs
can be a weapon to combat poverty among these
communities by enhancing income generation in the

rural areas of Nigeria (Ohunakin, et al. 2014).

Presentation of general perspectives on the overall
benefits of solar powered streetlights

In this section, this study presents the general
opinions of the various focus group discussions by
the respondents in various focus group discussions in

form of boxes 1 to box 10.

Africa Journal of Interdisciplinary Research 1(1)
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“Solar powered street lighting systems are relatively cheaper than the grid connected ones in
the long run because of reduced electricity bills. They are also cheaper to maintain. In
addition, they are environmental friendly, besides being more reliable than the grid.”

“They are cheap to maintain. In addition, they are not only reliable, but also convenient to

7

use

“It is not as costly as the grid one (UMEME). It is always there for the people when they need
it unlike the grid electricity which is always on and off.”

“It is one of the tools to mitigate climate change and protect the environment yet providing
energy services to the population. On the other hand, building and maintaining grid
connectedelectricity is far more expensive.”

Source: Primary data, 2019; Focus group discussions group A

Although the solar powered street lighting systems
have huge upfront costs, they are ideal in energy
savings in the long run thus reducing electricity bills
and they come along with various benefits as
discussed in the above box. Therefore, the public-
private sector should consider investing more in such

systems.
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“They will promote environmental sustainability by reducing the carbon footprint and reduce power
tariffs.”

“Although they are very important technologies, they may not last longer because some solar power
system components are not that much durable in use.”

“If more investment is made in the development of solar power technologies, there will be reduced
greenhouse gas emissions, so climate change will also reduce.”

“It will increase the percentage of energy mix to a greater extent, thereby reducing the depletion of
conventional energy resources.”

Source: Primary data, 2019; Focus group discussions B

According to the respondents, the continuous use of reduce the depletion of natural resources. However,
solar powered street lights may have a significant there may be concerns of the durability of the
impact on the reduction of climate change effects components since it is a new technology.

since they involve less greenhouse gas emissions and

“Solar powered street lights are feasible solutions because with proper planning, they can reduce electricity
bills to zero in the long term.”

“Yes, they are feasible. Although they require high upfront costs, they are cost effective in the long run
because they are recharged freely using the natural sun which is inexhaustible. Therefore, they are
inexpensive in terms of maintenance.”

“The source is always available, so the only requirements are the components of the system that can be
installed to harness the energy. Therefore, it is a feasible solution.”

“With financial support from private partnerships such as Non-Government Organisations, it is feasible.”
“Solar powered street lights in the short run aren’t feasible since it is an expensive venture. The cost of

acauirina_n_cinale _cnlar _ctreet linht _ic_eniiivalent tn_acauvirina_twon (2) Hudro Electric_Power _linhte \A/ith

Source: Primary data, 2019; Focus group B

Accordingly, for solar powered systems to be environmental and social issues. Provided these are
feasible, they demand preliminary studies and proper in place, the source of energy is free and
planning which involve financial, technical, inexhaustible, making it a feasible solution.
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“The system saves money on electricity bills, and this money is used to meet other needs of the Municipality.
They are also more reliable especially during peak hours; we are not worried of power cuts, not at all. Apart
from being easy and cheap to maintain, they promote a healthy environment.”

“It generates huge savings on energy costs that can be used to finance other services and developmental

projects like agriculture.”

“These systems require less operation and maintenance costs. They are more reliable than the grid due to
limited power shortages. They are convenient to use and install.”

“It is cheaper in the long run. It is also reliable since there are no blackouts.”

“Solar power is generated from a renewable resource that is available free of charge. The sun does not

require any cost to recharge the system”

Source: Primary data, 2019; Focus group discussion group C

There are various compelling reasons for opting to
connect to solar power as highlighted by the
responses above ranging from low maintenance costs
to enjoying a free source of energy. In relation to
these concepts, (Panwar et al., 2011) argue that the

sunlight is free of charge yet the generation of

36

electricity is very costly. In addition, there is a
probable reduction in Co2 emissions through the
employment of the PV systems and the electricity
generated in this process neither involve noise nor

vibrations which makes it ideal.
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“It reduces their privacy. Such households are affected by lighting pollution. However, it stimulates their
safety.”

“The system increases security for both their property and lives. It also enhances their trade since it
allows business transactions to be extended to or carried out even at night time. This increases per capita
income”

“It promotes security and safety by providing light to the nearby households. They also boost their
businesses by allowing business owners to extend their working hours in the night.”

“It increases safety and security as there are no dark corners and areas. It also relieves the nearby
households of the burden of security light costs by providing free lighting to them and they use the
money that would finance security for other developmental projects.”

Source: Primary data, 2019; focus group discussion group C

“Solar powered systems help in environmental management to a larger extent because they emit less or
no co2 emissions after installation. Therefore, they involve less degradation of the environment
compared to the grid-connected electricity.”

“The solar power systems help in environmental management to a great extent because they involve
limited or no environmental degradation; less radiation is emitted from solar power.”

“They reduce the risks of environmental degradation because less pollution is experienced after
installation.”

“They lower greenhouse gas emissions.”

“They reduce deforestation as the wooden electric poles for electricity transmission are not required.
They also increase energy efficiency and security.”

Source: Primary data, 2019; Focus group discussions Group D

Globally, climate change is becoming a menace, development. A shift to renewable energy sources is,
and one of the reasons for the occurrence of this therefore, one of the pronounced weapons in fighting
“giant™ is the utilisation of fossil fuels in the name of it. The above ideas from various respondents confirm
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the three pillars of sustainable development:
environmental, social and economic aspects; they
imply that connecting to solar powered street lighting
systems is one of the indicators of thriving a
sustainable economy, putting into consideration of
the safety and well-being of the public together with
(people, The

reduction in deforestation by adopting solar energy to

development planet and profits).

reduce the construction of transmission lines with

poles from wood willenable the carbon sinks (forests)

Africa Journal of Interdisciplinary Research 1(1)

to continue playing a great role in absorption of the
carbon emissions while there will be less carbon
emissions from the solar power systems after their
installation unlike in the case of continuous
utilization of conventional energy sources for
electricitygeneration. The strategy is very significant
in improving people“s health and quality of life as
well as promoting sustainable development in a

healthy natural environment.

“Yes, we intend to improve energy efficiency. Since the sun shine is readily available, we intend to
adopt the clean energy source by ensuring the use of solar power on all roads in the Municipality
and office buildings for modern efficient lighting systems, phone charging and other energy

4

services so that we can cut operational costs.”

” It is the Municipal’s plan to invest more in green energy and energy efficiency to reduce on the
grid related challenges such as overloads and load shedding.”

“We aim to increase the use of solar energy everywhere so that we can increase energy security

and improve efficiency.”

“It is not practical to currently reduce bills to zero, but our future intention is to switch to green

energy as an alternative to hydro power supply.”

Source: Primary data, 2019; Focus group discussion Group D

According to the opinions given, switching to

renewable energy is a long process that requires
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patience and capital during the various stages of

transition. It can be achieved after a long while.
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“Businesses have been boosted through the increase in the number of working hours at night due to
provision of illumination. They have also increased safety and functionality of streets during night
hours.”

“Security has improved and theft and rape cases are not common as before the installation of the
solar street lights. They have also extended working hours for business people because of free
movement at any time since the roads are lit.”

“Reduced fatalities and accidents for road users due to the lighting systems at night and increased
movement of different people at night.”

“Increased safety mostly among women and children, increased business hours and reduced robbery
cases on the streets.”

Source: Primary data, 2019; focus group A

All the above-mentioned changes experienced after important  indicators of inclusive sustainable

the installation of solar street lighting systems are development which is essential in this modern era.

“The major challenge so far is theft of batteries. Batteries, especially those near the bottom of the
poles are stolen during the night. This has affected the project negatively. The other challenge is
inefficiency from some lights, especially those installed in the first phase of the project, where panels
with polycrystalline cells were used. Also some batteries were placed underground to mitigate theft,
but they are affected by heat which results in malfunction of some lights.”

“Some solar lights are non-functional implying that some batteries on the market are sub-standard;
moreover, some produce less light.”

“When it rains heavily, the solar batteries do not charge properly leading to insufficient lights.”
“There is poor response and attitude from people because they are ignorant about the system.”

“Theft of the solar equipment such as batteries and lights as well as installation of sub-standard
Source: Primary data, 2019; Focus group discussion Group D
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Similarly, Ghana is facing some challenges in its
installed solar street lighting systems; many of the
solar powered street lights connected in towns are
non-functional partly due to insufficient viability
studies. Moreover, due to theft security, most of the

Africa Journal of Interdisciplinary Research 1(1)

batteries were positioned underground and therefore
were damaged by floods (Teves de Almeida, 2014).
Therefore, more research and  technology
development is required to mitigate or solve these

problems.

“Installation of panels with monocrystalline cells would be more effective and routine mantainence is
recommended to improve the performance of the system.”

“Use of better and standardized quality solar lights and batteries which are effective and can give more

light.”

“Installation of a hybrid system for back up in case one system experiences a fault to ensure

effectiveness and reliability of power supply.”

“Educating the public about the importance of solar powered street lighting systems.

“Award the contract of solar street lighting system installation to companies that are more competent
with authentic equipment. Sensitising the society about the importance of the systems and engaging
the communities to safe guard the street lighting systems.”

Source: Primary data, 2019; Focus Group Discussions Group A, B, C & D combined
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All the above strategies may be significant
in the improvement of solar powered street
lighting systems, especially

during project replication in other areas for
effective sustainable development in the

country.

Social Benefits

Improved Lighting Facilities

The study found out that the solar
photovoltaic systems are a source of safe,
healthy and excellent illumination. The
systems come along with special lanterns
that are ideal replacements of candles and
or locally manufactured kerosene tin
lanterns commonly known as “tadooba” in
Uganda, which have been hazardous for a
long time as they have been widely used
for lighting in rural areas. The majority of
the population in rural areas of Uganda use
kerosene tin lanterns with wicks which
produce poor lights and are responsible for
in-door pollution due to smoke that has
caused many health issues. According to
UBOS 2017, the ,,Tadooba™ remains the
most common source of lighting being
used by 52 percent of the households in
Uganda. (Esper et.al. 2013) reported that
solar technology has the ability to improve
in-door air quality as a positive impact on
the users. Besides, kerosene can be more
expensive compared to solar energy in the

long term perspective. This declaration
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was proven by (Jella, 2017) when he
established in his study that light produced
bycandles is of a very poor quality save
for the high prices of paraffin as well as
batteries, yet onlyone solar panel already
provides enough power to illuminate three
bulbs.

communities

According to research, rural
in the developing world
spend a substantial amount of money on
kerosene, candles and other traditional
energy products ranging between US$3
and US$20 every month on kerosene,
candles, or other energy products (Plastow
& Goldstone 2001). This is

confirmation to what one of the household

in

respondents declared:

“My family used to spend a lot of money,
over PVs. 25,000, on kerosene alone every
month, but now that is history. We are
enjoying a very bright light, yet we no
longer pay any money for fuel; this solar
energy is a free resource that has made us
forget about fuel costs; in fact,we save the
money that would be used to buy fuel for
other needs”

SOURCE: (Focus group discussion Group
E); June 2019 at Kibiro landing site

Therefore, solar energy has saved many
users the monthly costs of the toxic fuel,
health

hazards to them. The money saved on fuel

which  would moreover pose

costs is used to meet other needs of the
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households, hence improving the quality
of life. Economic savings on lighting
expenses increase reusable income, thus
increasing expenditure on other goods and
services (Khandker et al., 2014). It can as
well be channeled to other developmental
projects. Consequently, Solar photovoltaic
systems have profited households, health
centres, schools and religious centres by
providing comfortable illumination to the
occupants, thereby outshining the kerosene
lanterns. Gradually, rural communities are
turning to green energy for better
illumination, thus stepping out towards
sustainable development.

Information and Communication
Facilities

In this era, ICT plays an important role in
the day today activities of every society. It
is very evident that solar power systems
have tried to advance the access of
information and communication in areas
that once relied on traditional methods of
communication. Isolated communities are
now networked to the rest of the world
because of the development of solar
energy, a thing that couldnot be possible
with the reliance on the national grid. The
stand-alone photovoltaic systems are used
to operate telecommunication masts that
help to transmit signals clearly between

service providers and cell phone users in
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an instant. Without the masts being
operated by electricity, cell phones can be

of no use in an area.

In addition, the people in remote and
isolated communities are benefiting from

by
charging their cell phones, which they use

stand-alone photovoltaic  systems
for communication for different purposes,
including business activities. (Jella, 2017)
affirms that solar electricity facilitates the
charging of cell phones and purposely for
enabling communication. It therefore,
stimulates and improves the access to
information cell

through phones.

Similarly, radios and televisions, the
gadgets that are essential in the facilitation
of information worldwide are powered by
the solar energy system as an off-grid
solution to keep the rural communities
abreast of what is happening in the
country and the world at large. It is
actually through radios and televisions
that governmentstend to communicate its
progammes to the citizens. According to
2004; Amankwaah, 2005),

Solar energy is an ideal alternative to

(Greenstar,

power computers, radios and televisions to
boost information and communication as
an off-grid solution for rural communities.
These devices provide the population with
about businesses,

crucial information

education, health, environment, and other
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programmes that improve their standards
of living. This can further be evidenced by
photo plate 4 in the appendix.

Entertainment and Leisure

The study established that the rural
communities were enjoying a variety of
entertainments and hobbies due to the
diffusion of stand-alone photovoltaic
systems in the area. These range from
football shows to films and other live
programmes. The shows are a significant
achievement in the digital world, which
has an implication that the world is
becoming a global village; through
different digital channels, a match that is
played in Europe or elsewhere is watched
live by peopleall over the world (even in
rural areas of Uganda), just by the magical
power of mere stand-alone photovoltaic
This

impressive. Some people often gather to

systems. innovation is  quite
watch movies at football show centres,
commonly known as “ebibanda” in the
local language of the area of study.
Furthermore, those who are connected to
Solar Home Systems listen to and watch
different matches, programmes as well as
movies for entertainment, leisure and
educational purposes comfortably from
their These have

homes. activities

significantly —improved the people®s

quality of life. Therefore, the diffusion of
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PV systems can influence the quality of
entertainment in rural areas by powering
devices such as radios, televisions,
computers and smart phones as reportedby
(Bahauddin & Salah, 2010) in their study.
Also, (Obeng & Kumi 2014) recognised
that the availability of solar PVs in the
rural communities of Ghana not only
lowered the prices of listening to radios
and watching television, but also increased
the ownership of these devices which
at household

enhanced entertainment

levels.

Improved Primary Healthcare Services
The that

photovoltaic systems have the ability to

study affirmed stand-alone
improve peoples lives in a sustainable
way. Most of the time, rural communities
are not connected to the national grid,
which makes life and health quite
demanding. With the diffusion of solar
photovoltaic in some ruralcommunities of
the

Uganda, quality of health has

significantly been upgraded. Health
stations are now powered by solar panels
to operate lamps during the night,
refrigeration of medicines and for running
some simple machines. A study conducted
in India established that solar systems have
the capacity to offer refrigeration, lighting
as well as water pumping services in

health centres (Ramji et al., 2017). The
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lamps are a good source of illumination
that has saved lots of patients, especially
mothers at the time of giving birth, thus
improving maternal health. (SolarAid &
SunnyMoney,2015)

lanterns in conjunction with solar phone

reported that solar

charging systems have resulted into
improved maternal health care in Nigeria;
midwives use them to attend to their
patients and provide medical aid distantly
and at night. Similarly, the same panel
systems are used for refrigeration of
vaccines, especially for young children,
hence reducing child mortality rate. In
addition, the refrigeration of the vaccines
has also combatted some immunisable
communicable diseases among children
and adults such as cholera and measles that
often break out around the areas near the
shores of Lake Albert. Also, some

medical equipment for carrying out
disease diagnosis such as microscopes and
other simple equipment such as sterilizers
are run by electricity. Therefore, the solar
lamps, and the refrigeration of vaccines
and other medicines, powered by the solar
energy systems have served the rural
communities in a better way health wise.
This is evidenced by photo plate 5 in the

appendix.

Healthy Environment

The study revealed a  healthier
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environment as the photovoltaic systems
are essentially and gradually replacing
The
implication here is that there is reduced

conventional energy resources.
emission of greenhouse gases due to the
reduction on the use of kerosene and diesel
generators. Most of the people that once
used diesel generators as a source of
electricity are dropping it for solar energy
systems. In fact, none of the people that
installed the solar panels still uses
kerosene according to the responses given.
Therefore, there is improved air quality.
The reduction on the use of conventional
energy sources signifies reduced depletion
of the resources, less pressure onelectricity
generation from the same sources, reduced
deforestation as well as reduced
greenhouse gases and therefore a healthier

environment.

Increased security and safety

Another interesting finding of the study is
the improved security and safety. The
household respondents reported that they
were assured of good security after the
installation of solar systems. They stated
that a number of robberies had occurred
previously  before the installation,
especially at night due to lack of security
lights. One of the respondents in the focus

group discussion reported.
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“The outside the

provide lights at night, so it is not easy

lanterns building
for thieves tocome along. However, before
the acquisition of solar power, thieves
used to steal our property seriously,
especially at night because of darkness.
Nowadays, we are secure because of the
benign solar power that provides us with
security lights. 1 am even happythat my
system is very strong; it does not go off,
but I only switch it off in the morning. ”

Source: Focus group discussion (Group
F). Field data, June 2019

Similarly, some solar users in other parts
of Uganda were found to be utilizing their
solar kits for the provision of security
lights in their households after sunset
(Orlandi et al., 2016). Another research
conducted by solar companies in East
Africa that 60%

customers surveyed enjoyed an improved

unveiled over of
sense of security (Acumen, 2017). This
sense of security is very essential for
sustainable development as it makes

people and their property secure and safe.

Furthermore, the survey established that
solar power energy was used to enhance
the security of refugees. In areas near Lake
Albert are refugee camps and refugee

reception centres. Uganda is a home for
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many refugees from neighboring countries
such as Democratic Republic of Congo,
South Sudan, Rwanda, Somalia and others.
For different reasons, these refugees have
found safety in Uganda. The refugee
camps are located in remote areas, and
therefore, powered by solar panels for
lighting and security at night. (Little Sun,
2016) recognized that solar lamps were
provided by Oxfam to the displaced
in Sudan with intentions of

their

women

enhancing safety and security,
especially at night. The lamps are usually
provided by humanitarian agencies such as
United Nations High Commission for
Refugees to reduce gender based violence
especially in the times of recovery after

critical disasters (Lavelle, 2015).

In addition to security, the solar PV

systems have improved safety in the users™

homes. Before their dissemination,
accidents arising from candles and
kerosene tin lanterns were rampant.

(Orlandi et al.,, 2016) in their research
examined that 30% of the burnt patients at
the hospitals in Nigeria are as a result of
kerosene lantern bursts, yet in Bangladesh
23% of burns among children were due to
kerosene lamps. In the same study
conducted, it was established that about
80,000

victims of kerosene ingestion.

infants in South Africa were
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These accidents are commonly triggered
by young children and careless mothers
trying to light the houses, and under
serious cases, they have resulted into the
burning of the entire house and/ or death
of people as well. The household survey
results also indicated that children between
the ages of 1 and 5 years would
accidentally be poisoned by drinking
that be
containers within their reach. As such, the

kerosene would kept in
community expressed their gratitude to the
dissemination of solar technologies that
further prevents such disasters. In the
study conducted by (Jella, 2017), it was
identified that electricity access provided
by solar technology in rural areas reduces
the rate of fire and other accidents that
break out as a result of using paraffin
candles. Therefore, solar lanterns are ideal
of

systems due to the safety they offer.

replacements fuel-based  lighting

Women Empowerment

The findings from the study also show that
solar energy technologies have added
value to women and girls, hence uplifting
their status in society (gender equality). An
empirical evidence is in the case where
girls” performance in schools has highly
improved due to the availability of good

illumination for studying extra hours
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unlike before the diffusion of solar
technologies where girls would spend long
hours walking in search of firewood for
both lighting and cooking. Some of them
would drop out because the families would
prioritize the collection of firewood over
PVs

introduction of

The solar in

the

girls* education.
conjunction with
improved cook stoves have done wonders
to uplift the status of women in rural
communities. The women, instead of
collecting firewood for several hours, now
perform other economic activities such as
shop keeping, working at restaurants,
running salons and others that have
resulted in the increase of income for the

households.

Similarly, the (Samad et al., 2013) study,
strongly recognized that the amount of
time spent collecting wood by women is
reduced by 9 percent due to solar
technology. Therefore, women utilize this
time that was once ,,wasted” by indulging
themselves in income generating activities,
hence highly boosting them and therefore
increasing their ability to meet their
families™ needs such as education, health
care, food among others. (Jella, 2017)
that by
additional income to the family, it highly

recognizes contributing an
impresses the women and they feel more

valuable within the household, which
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makes them consider themselves more
equal to their husbands. Consequently, this
role raises their self-esteem and increases
their power to take part in decision-
making. In the same study, the researcher
also appreciated the prime benefit of solar
power in rural Bangladesh asa catalyst in
making womens life easier by providing
them with an opportunity to work even
after the sun has gone down without day
light. Women are able to perform extra
duties or accomplish their day*s schedules
and tasks at home, which is a compelling
opportunity, unlike before the solar
installation, where they used to rely on the
sun light to balance both professional and

house chores.

Improved Quality of Education

Education is one of the services that has
lagged behind in rural communities of
Uganda. This is partly due to lack of
electricity access in rural schools, which
makes the students day-scholars unlike in
some urban schools where students are
provided with accommodation at school
and get extra academic services. As a
matter of fact, the students in rural areas
can hardly compete with those in urban
areas because the latter have more time to
study and their teachers have the
opportunity to do more tasks at night

unlike the former. Therefore, the findings
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reveal that the availability of solar power
in rural Uganda provides an opportunity
for rural students to have more time for
studying at night and their teachers to
perform extra pedagogical tasks during the
night, which has greatly improved
performance in schools. (Khan & Azad,
2014),

asserted that solar power resulted into

in the study they conducted,

improved conditions for studying for
children by 52% due to the

provision of good illumination at night in

school

rural Bangladesh.

Also in Kenya, Siburi Mixed Secondary
School at Homabay, in western Kenya is a
typical example of improved school
performance due to solar energy. Before
2012, the school ranked 48 out of 67in
the sub county. The girls performed poorer
than the boys due to domestic chores after
school. However, with the introduction of
solar lamps to the school and parents by
GIVEWATTS enterprise, students had
more time to study and by 2015, the girls*
performance was better than that of the
boys. More importantly, the school now
ranks second in the sub-county and the
number of students going for higher
studies increased from 5% to 40% after the
acquisition of solar lamps (Scott et al.,
2017).

education by enabling teachers to carry out

Solar energy also improves
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more research and virtually network with

their  fellows pedagogically through
various media such as the Internet, mobile
phones and computers all of which are

powered by PV systems.

This study used descriptive statistics to
analyse social economic characteristics of
respondents and regression model was
used to determine the factors influencing
accessibility and adoption of clean
burning, fuel-efficient cook-stoves among
rural livelihoods, level of investment by
stove fabricatorsand the market for clean

burning, fuel-efficient cook-stoves, and of

socio-economic benefits of solar
photovoltaic systems for street lighting,
home and institutional uses in the

development of rural livelihoods.

In this study, a probit regression model
was used to identify the influencing factors
on accessibility and adoption of clean
burning, fuel-efficient cook-stoves among
The

explanatory variables namely; education

rural  communities. following
level, household income, household head
occupation, access to information, training
services, technical support have a positive
with and

relationship accessibility

adoption of clean burning, fuel-efficient
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cook-stoves among rural communities and

are statistically significant at 1% level.

The results of study indicated that income
level, expenditure level, access to credit,
were significant (p< 0.01) and positively
related to the level of investment by stove
fabricators. Ready market was found to be
(p<  0.05)

higher

significant and positively

showed a relationship ~ with
investment and market of clean burning
and improved cook-stoves in study area
while household size was found to be
(p<  0.10)

showed a relationship with investment and

significant and positively
market of clean burning, fuel efficient

cook-stoves in the study area.

The results from study also revealed that
solar photovoltaic systems have socio-
economic benefits that support sustainable
development in rural communities and
contributed positively in different projects
such as access to modern energy service,
money savings, enhancing business
activities and extending working hours,
improving income generation, increasing
environment

sustainability, improving

communication  systems, improving

of

energy

illumination, reducing emissions

greenhouse gases, effective

provision, safety and security, increasing

employment opportunities, improvement
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of study conditions, improved air quality
and health conditions, as well as increasing
The
indicated that solar PVs have statistically

business  opportunities. results
and significantly contributed to access to
modern energy services, money savings,
enhanced business activities and extended
working hours, increased environment

sustainability,  increased  employment

opportunities, improvement of study
conditions, increase business opportunities
(all of them) at 1% level. Improvement of
communication systems, illumination, air
quality and safety were at 5%, while
improved income generation, and reduced
emission of greenhouse gases were at 10%

level.

According to the findings, solar powered
street lights contribute to sustainable
development in the following ways: They
are cheaper to operate and maintain than
the grid electricity. They are more reliable
than the grid and convenient to install.
They also involve fewer emissions after
installation, thus a tool to mitigate climate
The

environmental sustainability and electricity

change. system promotes
is generated from a free inexhaustible
source (no generation costs). It also
Increases energy security through the
energy mix. Further still, solar powered

street lighting promotes security and
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safety and reduce crime rates as well as
fatalities and accidents on roads. The
system also reduces traffic jam, boosts
business transactions at night, reduces
electricity bills and increases creation of
jobs and above all reduces the rate of
depletion of natural resources such as
forests and water bodies.

that PVs

to economic

The findings also reveal

contributed significantly
activities in remote areas by offering the
following economic benefits:
Enhancement of fishing activity, casino
betting, entrepreneurial charging stations,
barbers® shops and salons, extending
working/business hours emergence of new
like football

(,,Ebibanda™) and employment

business activities show
centres
opportunities. Social benefits realised from
the use of PVs include improved lighting
facilities improved information and
communication systems, entertainment and
leisure, improved primary health care

services, healthy environment, women
empowerment and improved quality of
education.

Consequently, the respondents would
easily compare the benefits of solar PVs
whereby the results indicated that the
technology contributed significantly to the
development of their livelihoods as seen

above. In fact, the users were far much
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better than the time before installation or
better off than the people who had not
installed them due to the socio-economic
benefits they are now enjoying from the
diffusion of solar power technologies.
Therefore, more investments in these
technologies are required to scale up the
diffusion for sustainable development and

a transformed modern and resilient society.
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