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We live in a world that is completely dependent on energy; thus, humankind can no longer live without power. With electricity
being the main form of energy today, this has increased the complexity of our life today. In Uganda, electricity generation is mainly
through hydropower, which puts the country in the bottleneck of overdependence on one source of energy. There are many energy
systems out there that the country can use to diversify its electricity generation. Therefore, the need to understand the level of
development and utilization of various energy systems has been the underlying question for this present study. A comprehensive
literature survey was conducted using electronic databases, including ScienceDirect, Wiley, Sage, Scopus, Taylor & Francis, and
Google Scholar. The publications in the form of reports, conference papers, working papers, discussion papers, journal articles,
book sections, and textbooks were considered in this study. In total, 11 energy systems, including human and animal energy, solid
biomass (firewood), hydropower, wind, geothermal, solar, nuclear, peat, coal, petroleum, and nonsolid biomass (methanol,
hydrogen, ethanol, biodiesel, and biogas), are described. The current and future development and utilization of these energy
systems have been described. The challenges for developing and utilizing these systems were elaborated on, and the solutions for
their challenges were presented. Hydropower from the Nile River, being the main river for large hydropower plant construction, is
the dominant energy system in Uganda. Nuclear energy will be the salvation for the country’s electric energy supply in the near
future. Therefore, Uganda needs to bet big on nuclear energy.

1. Introduction

Energy utilization is a prerequisite for both rural and urban
communities’ development. Modern energy access is a
contributing factor to the nations’ wealth growth [1].
Therefore, lack of energy access is normally termed energy
poverty. Most sub-Saharan African countries lie under
energy poverty with limited access to modern energy [2]. In
Uganda, several policies have been put in place to alleviate
energy poverty [3, 4]. For instance, there has been much
analysis devoted to grid-connected distributed generation
and rural electrification [5].

The global energy transition to 100% renewables by 2050
is ongoing, and Uganda is also in the race. This transition is
not just science fiction but a demand for total leapfrogging

into a sustainable future [6]. The main driver behind this is
the need to combat climate change at all costs by reducing
greenhouse gas (GHG) emissions to attain Sustainable
Development Goals (SDG) [7-9]. The renewable energy
development is a clean energy innovation approach that can
enable climate-compatible growth in sub-Saharan African
countries [10-12]. With the abundant and affordable re-
sources in those countries, it is technically and economically
practical that all power generation can be achieved using
renewable energy resources by 2030 [13-16]. It is estimated
that the contributory cost of technologies to ensure access to
electricity for all Ugandans by 2030 ranges between $0.63
and $1.24 billion [17]. In general, government leaders have
much power to shape energy transition. With good gov-
ernment policy, this transition can be attained, but with bad
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policy, this will end up to be stories for many generations to
come. For example, populist leaders have long dispensed
energy endowments for just political gains without
accomplishing main goals [18].

Renewable energy is the biggest source of energy that can
channelize energy systems in the direction of sustainability
and supply security [19]. However, some studies pointed out
that renewables have geopolitical and geoeconomics im-
plications [20]. Besides, renewable energy generation faces a
number of challenges, including climate dependence,
technological, and distribution problems [21]. Nonetheless,
renewable energy capacity in Africa is forecasted to reach
169.4 GW by 2040 from 48.5 GW in 2019, but this requires
reevaluation (life cycle analysis) of the environmental im-
pacts of renewable energy on the continent to inform
mitigation decisions [22]. Hence, approaches to providing
sustainable energy are not only the government leaders’
strategy but also endless efforts from academic and policy
circles [23].

The availability of dependable energy plays an essential
position withinside the social, economic, and cultural
transformation of society. In the case of Uganda, the energy
area has suffered long-status facet constraints that led to
suppressed demand and outages [24]. Long-term energy
demand forecasting is crucial for any country, in particular
for developing countries with rapid development of energy
needs [25]. In this line, Uganda continues to politically and
economically reform its energy sector, including a new legal
and regulatory framework, based on which the previously
vertically integrated monopoly, Uganda Electricity Board,
was unbundled leading to public private partnerships. The
Uganda government allows an enabling environment for
private sector investments in generation and distribution of
electricity, while transmission above 33kV stays a public
function via Uganda Electricity Transmission Company Ltd.
(UETCL). The Electricity Regulatory Authority (ERA) was
established to oversee the operations of all electricity op-
erators, and the Rural Electrification Agency (REA) was
launched to ensure that rural electrification is accelerated to
accomplish preset electricity distribution targets in rural
areas [26]. In the battle for increasing access to clean and
renewable energy as well as accelerating electricity access to
the unserved rural population in Uganda, the government of
Uganda has licensed nine electricity distribution companies,
including Kilembe Investments Limited, Hydromax, Pader-
Abim Community Multi-Purpose Electric Cooperative So-
ciety, Uganda Electricity Distribution Company, Umeme
Uganda Limited, West Nile Rural Electrification Company,
Kyegegwa Rural Energy Cooperative Society, Bundibugyo
Electricity Cooperative Society, and Kalangala Infrastructure
Services Limited [27].

Currently, Uganda has a total of 24 power plants that
produce and supply electricity to the national grid. These
include 4 large hydropower plants and 11 small hydropower
plants (1023.59 MW), 2 thermal or heavy fuel oil power
plants (100 MW), 5 bagasse-based cogeneration power
plants (63.9 MW), and 2 solar PV power plants (60 MW). To
this end, there is no wind power share to the total national
installed capacity. The distribution of electricity in Uganda
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has expanded enormously in over two decades, with legally
grid-connected customers rising from 180,000 in 2001 to
1,643,288 in 2020, including oft-grid clients. However, the
country has an electricity import capacity of 20.5 MW from
two power plants in the neighboring countries [28].

Uganda owns abundant energy resources, which are
fairly distributed throughout the country [29]. These include
hydro, biomass, solar, geothermal, peat, and fossil fuels with
petroleum in an estimated amount of 6.5 billion barrels, of
which 1.4 billion barrels are recoverable, which has been
discovered in the western part of the country. However,
currently, the country’s electricity generation is mainly
through hydropower. This alone is not sufficient to supply
the whole population in the country, making electricity
prices expensive besides other factors such as oil price
fluctuation and the exchange rate [30]. Electricity in Uganda
is not the most expensive but also not the cheapest compared
to other sub-Saharan African countries [31, 32]. In 2018,
Uganda’s electricity price was below Rwanda’s and Kenya’s
tariffs but above the tariff of Tanzania, South Africa, and
Ethiopia [33]. Ang et al. [34] reported that highly volatile oil
prices and unprecedented weather fluctuations have acted as
significant shocks for electricity generation, influencing
electricity pricing. Moreover, petroleum resources bring
their own problem as it is very difficult for developing
countries like Uganda to balance their economic develop-
ment needs and contribution to combating climate change
[35]. The rising electricity price in the country brings a great
challenge to the consumers, especially the large industrial
consumers. However, Ai et al. [36] urged that increasing
electricity price has a good side in that it could force en-
terprises to carry out technological innovation and improve
the efficiency of energy utilization. For instance, Uganda is
planning to adopt an electricity prepayment billing system
(EPBS) as an intervention to reduce nontechnical energy
losses [37].

Rural electrification schemes, also known as distributed
generation, often focus on generating power for electric
lighting and, more recently, phone charging [38]. In most
sub-Saharan African countries, the rural electrification is
strengthened through the formation of rural electrification
development initiatives [39]. Moreover, a number of or-
ganisations or initiatives, such as GIZ and GETFiT, play a
great role in promoting energy access to the local com-
munity [40]. In this regard, regional and international co-
operation can standardize electricity access benchmarks and
facilitate technology transfer through existing or more
improved instruments [41]. For example, a number of
project developers are present in sub-Saharan African
countries with a focus on the mitigation of carbon footprint.
These project developers are classified into neo-
developmental (in Tanzania) or liberal neodevelopmental
(in Uganda) [42].

The government intervention is of paramount impor-
tance for reducing electricity and petroleum prices. Par-
ticularly in rural areas, through the rural electrification
program, the price of electricity is reduced, and the sup-
pliers are compensated. This is done through a subsidy
policy [43]. Moreover, incorporating the heterogeneous
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nature of price elasticities into pricing policy can help
decrease electricity demand-supply mismatch and in-
equality in electricity consumption [44]. In most devel-
oping countries, electricity pricing is determined by the
mechanism called Automatic Tariff Adjustment [45, 46].
On the other hand, petroleum prices are very flexible since
Uganda does not refine its oil though there is a large
amount of crude oil deposit. It has to export the crude oil
and import the refined ones, and thus the price structure
will depend on many factors, including transportation,
pandemic, and inflation [47-49]. For instance, the COVID-
19 pandemic led to an oil price shock, which hit oil-
exporting developing countries as well as the importing
countries [50]. Raghoo and Surroop [51] cited that
transportation and taxation policies are the major pa-
rameters for determining petroleum prices.

With electricity being the main form of energy today, it
has increased the complexity of life today. In Uganda,
electricity generation is mainly through hydropower which
puts the country in the bottleneck of overdependence on one
source of energy [52]. However, there are many energy
systems out there (such as solar and biomass) that the
country can use to diversify its electricity generation.
Therefore, the need to assess the level of development and
utilization of various energy systems has been the underlying
question for this present study which has not been addressed
by the previous studies (Table 1). The contributions of this
paper are threefold: (i) describing the current status, (ii)
discussing the challenges and mitigation, and (iii) providing
the future trends of energy systems development and uti-
lization in Uganda. The present paper is structured as fol-
lows: Sections 2-13 present the review of the different energy
systems. Section 14 provides a brief discussion on each
energy system. Section 15 concludes the paper.

2. Methodology

In this study, a critical and comprehensive literature search
was conducted to uncover the current status of energy
systems utilization and development in Uganda following
the procedures used by previous studies [64-66]. The
published literature in the forms of book sections, confer-
ence papers, peer-reviewed journal articles, theses, disser-
tations, reports, white papers, discussion papers, and
working papers. The more general Google search engine was
used to obtain scholarly, nonscholarly, and business pub-
lished literature. Electronic databases such as Google
Scholar, Science Direct, Wiley, Taylor & Francis, and
Springers were used to narrow the search for scholarly ar-
ticles and book sections or chapters. The search terms
employed include “Hydropower and Uganda,” “Human
energy and Uganda,” “Animal energy and Uganda,” “Wind
energy and Uganda,” “Solar energy and Uganda,” “Peat
energy and Uganda,” “Nuclear energy and Uganda,”
“Geothermal energy and Uganda,” “Nonsolid biomass en-
ergy and Uganda or biogas and Uganda or co-generation
and Uganda,” “Solid biomass energy and Uganda or wood
fuel and Uganda,” “Petroleum energy and Uganda,” “Coal
energy and Uganda,” and “ethanol and Uganda.”

» o«

3. Human and Animal Energy

3.1. Current State of Utilization. In Uganda, human and
animal power still contribute a significant proportion of the
energy used in the rural areas. The technologies include
merry-go-round generators in schools, hand crank lighting
in hospitals and health clinics during electricity outages, and
bicycle generators for off-grid businesses. They are the most
important energy sources for the population and are the
largest single contributor to renewable energy sources [67].
Figure 1 clearly demonstrates the concept of harnessing
animal power as an input-output block diagram.

The human and other animals’ energy is largely
employed in agriculture, crop processing, transportation,
construction and fabrication work, and industrial
manufacturing process (operating machines). Agriculture
still dominates the proportion of human and animal power,
followed by transportation (Table 2) [68], whereby human
and animal power is the elementary level of mechanizing
agricultural and forestry operations. These agricultural
operations include, but not limited to, the following:
clearing of vegetation/stubble, including cutting trees
(machetes, axes, hand, and chain saws), land preparation
and soil manipulation (blade and tined hoes and pickaxes),
seeding or planting (broadcasting by hand or seed fiddle,
dibbling, jab planting, and use of single or multirow
seeders), weeding (weeding hoes and cultivator weeders),
fertilizer and manure application, crop protection (manual
or power knapsack sprayers and dusters), harvesting
(scythes, sickles, knives, drags, forks, and rakes), processing
and preservation of food and feed (baling, mechanical
threshing, manual and mechanical shelling, and grinding),
transportation (head or shoulder load, backpack, hand-
carts, and bicycles), and other secondary tasks such as
operation of hand and treadle pumps to lift water. Gen-
erally, human energy is a forgotten power option and, if
implemented in countries with average electrical power
consumed below 20 W/capita, would have a direct impact
on human development [69].

3.2. Challenges and Their Possible Mitigation. Despite the fact
that human and animal power is the most common energy
used by the people in Uganda, they have some drawbacks.
The cost of the improved technologies is a significant barrier
to human and animal power adoption. For instance, many
people in the villages are carrying loads on their heads or
backs, which means that rural people are unable to afford
simple technologies such as wheelbarrows, handcarts, bi-
cycles, and animal-drawn carts. Secondly, there is high
isolation of those who would benefit most from the intro-
duction of more efficient hand, and animal-powered tech-
nologies are also a major factor influencing the steps in a
successful technology transfer process [68].

The following can be possible mitigation for human and
animal power drawbacks [71]: (i) proper tools to harness the
power of humans and animals, (ii) appropriate and sufficient
feed to ensure health and growth, as well as energy for work,
(iii) adequate healthcare and prompt provision of veterinary
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TaBLE 1: Summary of previous review papers on energy systems.

S/N  Authors/year Title Review Study area Purpose
approach
Provide a comprehensive review and
. . . analysis of the potential impacts of
. Potential environmental impacts of
Wassie and small-scale renewable ener small-scale renewable energy
1 Adaramola, S ierey Systematic East Africa technologies (SRETs) in reducing
technologies in east Africa: a . X
2019 [53] . . - deforestation, forest degradation,
systematic review of the evidence e .
and carbon emissions in the eastern
African region.
A critical review of comparative OECD, G7, BRICS, PresenF a critical corr}bmed cnerey
Ahmad and o . analysis of demand in developed/
global historical energy Traditional Europe, EU, (CIS), . . .
2 Zhang, 2020 . . > developing countries, including the
(54] consumption and future demand: narrative NA, LA, USA, Asia, load requirements of the various
the story told so far the Pacific, and ME -
business sectors.
Svstematic Investigate stationarity,
3 Mutumba et al., A survey of literature on energy Y(meta— . cointegration, and direction of
2021 [55] consumption and economic growth analysis) causality between energy
¥ consumption and economic growth.
. Provide a critical analysis and
A review of water-forest-energy- . .
Okumu et al,, . . . synthesis of the baseline and trends
4 food security nexus data and Systematic East Africa
2021 [56] . . of the forest-water-food-energy
assessment of studies in east Africa . . .
security nexus in East Africa.
Review the potential use of novel
Unearthing the potential of solid scientific and technical methods for
Baidhe et al., waste generated along the pineapple  Traditional pineapple waste (peelings, crown,
5 . .2 . Uganda .
2021 [57] drying process line in Uganda: a narrative core, and culled pineapple)
review management at dried fruit
processing facilities in Uganda.
Hydropower dependency and Provide supporting evidence on past
6 Falchetta et al.,  climate change in sub-Saharan Systematic Sub-Saharan Africa trends and current pathways of
2019 [58] Africa: a nexus framework and (PRISMA) power mix diversification, drought
evidence-based review incidence, and climate change.
Petroleum pipeline eXPIOSIOHS n . Evaluate both the academic and lay
Carlson et al,, sub-Saharan Africa: a Systematic . . -
7 . - . Sub-Saharan Africa  literature on petroleum pipeline
2015 [59] comprehensive systematic review of ~ (PRISMA) . . .
. . explosions in sub-Saharan Africa.
the academic and lay literature
Review of solar PV policies, . .Identlf.y the key factors. put forward
3 Hansen et al., interventions and diffusion in east Traditional Fast Africa in the literature to explain differences
2015 [60] Africa narrative in the diffusion of SHS in these three
countries.
. . Examine the socioeconomic
Socioeconomic hurdles to . . . .
L . . -, constraints to adoption of biogas in
Mwirigi et al., widespread adoption of small-scale  Traditional . .
9 . . . . Sub-Saharan Africa sub-Saharan Africa and explore
2014 [61] biogas digesters in sub-Saharan narrative .
. . factors that could enhance adoption
Africa: a review
of the technology.
10 Okot, 2013 [62] Review of small hydropower Tradltu?nal . Give a review of small hydropower
technology narrative technology.
Oione. 2021 The rise of solar home systems in Investigate how the forms of social
11 ) [;g;] sub-Saharan Africa: examining Systematic ~ Sub-Saharan Africa  difference shape the adoption of

gender, class, and sustainability

SHSs in sub-Saharan Africa.

Commonwealth of Independent States (CIS), North America (NA), Latin America (LA), the United States of America (USA), Asia, the Pacific, and the Middle
East (ME).

services in case of injuries and sickness to aid in resistance to
disease, (iv) appropriate well-fitting equipment for working,
prevention of injury while working, and so on, (v) pre-
vention of overstraining, allowing human and animals to
rest from work while sick or injured, and avoiding putting
animals to work in adverse ambient conditions, (vi) ensuring
observance of laws to prevent the misuse and abuse of

draught animals, (vii) use of modern equipment and
methods for surgical treatments and slaughter, (viii)
allowing animals the freedom to satisfy natural instincts,
adoption of human methods for nose-roping, shoeing,
branding, and dehorning, and so on, and (ix) development
of publicity and education programmes by animal welfare
organisations.
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FiGure 1: Input-output block for working animals, adapted from Fuller and Aye [67].

TasLE 2: Comparison of load carrying capacity and distances for hand-and-foot-operated devices.

Transport mode Typical load (kg)

Average speed (km/h)

Daily range (km) Transport capacity (t km/h)

Human carrying 30 4-5
Wheelbarrow 90 3-4
Handcart (1 person) 200 3-4
Cycle with carrier 40 12
Cycle trailer 125 10
Donkey cart (1 animal) 300 3-4
Ox cart (2 animals) 900 3-4

15-20 0.12
5-6 0.35
10-12 0.80
40-50 0.48
30-40 1.25
20 1.10
20 3.20

Source: adapted from Dennis [70].

3.3. Future Trends. There is a dire need to increase the
energy supply of those who rely on traditional energy
sources in order to improve their quality of life and reduce
the drudgery and hardship of everyday life. Human and
animal energy is the forgotten renewable source of energy
that is environmentally friendly and sustainable energy
supply system. However, the technologies used to harness
this system are simple and reliable but need much attention
[72]. There is a need to foster agricultural productivity by
heightening the electricity access to rural populations
through rural electrification development [73].

4. Solid Biomass Energy

4.1. Current State of Utilization. In Uganda, the use of low-
grade forms of energy (especially traditional or solid biomass
fuels) accounts for more than 90% of total energy con-
sumption. With a large number of refugees in the country,
energy supply is so limited, especially energy for cooking
(firewood) [29]. Solid biomass can be classified into pro-
cessed and nonprocessed biomass as depicted in Figure 2.
The use of nonprocessed biomass sources of energy or solid
biomass (i.e., crop residue and wood fuel) illustrates energy
poverty among households [74]. In addition, wood fuel is
used extensively for process heat and to fuel brick-burning,
tea drying, cement, titles, and lime production. The major
sources are hardwood plantations, which consist of euca-
lyptus (50%), pine trees (33%), and cypresses (17%). The

current available sustainable wood biomass supply is about
26 million tons. The annual theoretical potential production
of agriculture residue ranges from 1.186 million to 1.203
million tons. The only subsector that utilizes biomass resi-
dues for electricity production yet is the sugar industry
[29, 30].

It is estimated that 3 billion people, most of whom live in
Asia, Africa, and the Americas, rely on solid fuels (i.e., wood,
crop wastes, dung, and charcoal) and kerosene for their
cooking needs. Over 700 million people in sub-Saharan
Africa depend entirely on solid biomass fuels, especially
unprocessed ones, and use simple or traditional cookstoves
in poorly ventilated kitchens, which results in high indoor
concentrations of household air pollutants such as fine
particulate matter, carbon monoxide, and Polycyclic Aro-
matic Hydrocarbons (PAHs)[75-78]. Exposure to house-
hold air pollutants from burning this unprocessed biomass is
associated with several health problems as well as premature
[79, 80].

Processing solid biomass into charcoal has been one of
the strategies to provide less emission cooking fuel for urban
people. However, charcoal production from the forest is
often not effectively regulated and thus contributes to forest
degradation, deforestation, and GHG emissions, as well as
climate change [81]. Moreover, charcoal also has adverse
health effects on household users [82]. Despite the efforts to
minimize deforestation, forests will continue to be a critical
source of domestic energy for households in developing
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FIGURE 2: Classification of solid biomass energy.

countries [83, 84]. Therefore, there is a need for a cheap and
efficient fuel alternative that can be easily adopted by the
local population such as carbonized briquettes from agri-
cultural residues and torrefied pellets from MSW [85, 86].
Besides, a transformative new approach to facilitate access to
affordable, reliable, sustainable, and modern energy for
cooking by leveraging rapid progress in rural electrification
or distributed generation and falling prices of solar PV and
lithium-ion batteries for battery-supported electric cooking
is inevitable [87]. Furthermore, strategies for reforestation,
dissemination of improved cookstoves, relieving supply side
constraints for modern fuels, and staggered payment options
to lower the cost of entry for modern fuels are better so-
lutions to overdependence on the solid biomass for
households’ cooking [88, 89].

4.2. Challenges and Their Possible Mitigation. Firewood or
wood fuel is the main source of heating and cooking in rural
and urban areas. The high demand for fuel wood has resulted
in the depletion of forests and exacerbates land degradation.
This type of energy source is associated with higher levels of
indoor pollution, time allocations especially by women and
children for its collection, unreliability of supply, and local
environment degradation. The use of firewood is therefore a
detrimental factor in welfare improvement and constraint to
the achievement of all the eight Millennium Development
Goals [90].

The above challenges can be mitigated by the use of an
alternative energy source or processed wood fuels such as
charcoal, briquettes, and other agricultural residues,
which are very important for reducing overreliance on
firewood [91]. The charcoal is typically produced in low-
efficiency Earth kilns in rural areas, and high losses are
experienced throughout the value chain. LPG, natural gas,
and electricity are used mostly by the high-income groups,
normally in urban areas [92]. However, massive use of
these energy sources can end energy poverty in the
country [93]. With these regards, it can be noted that
energy use varies considerably depending on income and
geographical location of the household. Promotion of
waste as a business by the government to accelerate the
processing of biomass wastes (value addition) for
household cooking [94].

4.3. Future Trends. The efficiency of the traditional and in-
stitutional cook stoves is being improved to reduce the con-
sumption of firewood. Moreover, the efficiency rates in terms
of energy consumption industries such as tea, tobacco, lime,
and brick-making are being improved. Importantly, the key
tool for this is the energy audits to identify potential measures
to improve energy efficiency. Generally, a sustainable national
grid and small-scale solutions like efficient biomass stoves,
biochar, gasifiers, and biogas installations are highly recom-
mended for future development as a lucrative approach for
securing sustainable and clean energy in Uganda [95].

5. Hydropower Energy

5.1. Current State of Utilization. There are three kinds of
hydropower generation plants: (i) run-of-river, where the
power is generated by the flow of a river, (ii) reservoir, where
the power is generated by the release of stored water, and (iii)
pumped storage, where stored water is backed up into the
reservoir in order to be pumped again [96, 97]. Small-scale
hydropower stations are typically of the run-of-river type,
while the large hydropower plants are of the reservoir type
[98]. The large hydropower potential in Uganda along River
Nile is estimated at about 2000 MW. With only 380 MW
developed at Nalubaale and Kiira and 250 MW under de-
velopment at Bujagali, the unexploited potential is well over
1300 MW. Table 3 shows the seven (7) operational large
hydropower plants along River Nile, River Mahoma, and
River Achwa, with a total capacity of 926 MW [99]. In
Uganda, most of the hydropower projects are mainly
commissioned by the private investors, for example, inde-
pendent power projects and emerging Chinese-funded
projects [100].

Small hydropower (<20 MW) projects are mainly not on
the Nile River and have not been fully exploited. These are
important sources of electricity for areas not covered by the
national grid. Even though the cost per unit of electricity
from isolated small hydropower plants may be higher than
that from the national grid, they could sustainably con-
tribute to poverty reduction in households in isolated areas.
Table 4 shows the small hydropower sites available for
development in Uganda. There are currently 25 small hy-
dropower plants that are operational with a total capacity of
195.5 MW.
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TaBLE 3: Operational large hydropower plants.

S/N Power stations Community (district) River Capacity (MW) Year completed
1 Nalubaale Buikwe Nile 180 1954
2 Kiira Jinja Nile 200 2000
3 Bujagali Buikwe Nile 250 2012
4 Mahoma Kabarole Mahoma 30 2018
5 Isimba Kamuli Nile 183 2019
6 Achwa 2 Gulu Achwa 41 2019
7 Achwa 1 Gulu Achwa 42 2021
Total 926

Source: adapted from Tumwesigye et al. [32].

TaBLE 4: Operational small hydropower plants.

S/N Power stations District River Capacity (MW) Year done
1 Mubuku 1 Kasese Mubuku 5.0 1956
2 Mubuku 3 Kasese Mubuku 10.0 2009
3 Bugoye Kasese Mubuku 13.0 2009
4 Kisiizi Rukungiri Kisiizi 0.4 2009
5 Echo power-Ishasha Kanungu Ishasha 6.6 2011
6 Africa EMS-Mpanga Kamwenge Mpanga 18.0 2011
7 Nyagak 1 Zombo Nyangak 3.5 2012
8 Kabalega Hoima Wambabya 9.0 2013
9 Bwindi community Kanungu Munyaga 0.1 2014
10 Siti 1 Bukwo Siti 6.1 2017
11 Muvumbe Kabale Maziba 6.5 2017
12 Rwimi Bunyangabu Rwimi 5.6 2017
13 Siti 2 Bukwo Siti 16.5 2017
14 Gwera-Luzira Moyo Amoa 6.1 2017
15 Nyamwamba 1 Kasese Nyamwamba 9.2 2018
16 Nkusi Kasese Nkusi 9.6 2018
17 Lubilia Hoima Lubilia 5.4 2018
18 Nyamagasani II Kasese Nyamagasani 6.0 2019
19 Kyambura Rubirizi Kyambura 7.6 2019
20 Ndugutu Bundibugyo Ndugutu 5.9 2019
21 Sindila Bundibugyo Sindila 5.3 2019
22 Timex Bukinda Kibale Nkusi 6.5 2020
23 Kikagati Isingiro Kagera 14.0 2021
24 Kakaka Kasese Rwimi 4.6 2021
25 Nyamagasani I Kasese Nyamagasani 15.0 2021
Total 195.5

Source: adapted from Tumwesigye et al. [32] and ERA [101].

5.2. Challenges and Their Possible Mitigation. In this section,
the challenges and mitigations for hydropower development
in Uganda have been described. Hydropower projects re-
quire huge initial investment costs because of civil engi-
neering work cost, equipment cost, land compensations
costs, and transmission system cost [102, 103]. In order to
minimize these challenges, the engineering hydropower
policy in Uganda should consider large dam projects with a
smaller reserve surface area in comparison with power
generated [104, 105].

Further, the low human and institutional capacities to
manage design, construction, and management of hydro-
power plants are another barrier to hydropower plant de-
velopment in Uganda. This can be reduced by developing
local capacity in order to minimize dependency on costly
foreign expatriates; conditions should be set in the agree-
ments with hydropower developers to train local manpower

to manage the hydropower plants, and clear deadlines
should be established when the local manpower should take
over from the foreign expatriates. Furthermore, specialized
curriculums in collaboration with industrial partners should
be developed by Uganda’s Universities in energy technol-
ogies with a focus on hydropower and other energy re-
sources in the country [106, 107].

In addition, there is high resistance to hydropower
projects from the community because hydropower devel-
opment process is considered a threat to livelihoods, eco-
system, and biodiversity as it brings about human
displacement and natural resources degradation [108]. To
solve the problem, the government of Uganda needs to
establish a clear and well-defined resettlement plan for
natives that are to be displaced by the establishment of
hydropower generation plants. The resettlement plan should
be discussed by the affected populace and the project
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TABLE 5: Proposed and under construction large hydropower plant [118, 119].
S/N Power stations Community (district) River Capacity (MW) Year to be completed
1 Achwa 3 Pader Achwa 135 2022
2 Karuma Kiryandongo Nile 600 2023
3 Ayago Nwoya Nile 880 2025
4 Agbinika Yumbe Tochi 20 2025
5 Nshungyezi Isingiro Kagera 39.0 2025
6 Kiiba Kiryandongo and Nwoya Nile 400 WIP
7 Oriang Kiryandongo and Nwoya Nile 392 WIP
8 Muzizi Kibaale Muzizi 48 WIP
Total 2514
TaBLE 6: Small hydropower plants under construction. p rel}mlnel'ry studies, and some of them have no studies as
depicted in Table 8.
S/N PoYver Districts River Capacity Year
stations (MW) .
. — . 6. Wind Energy
1 Nengo Bridge Rukungiri Mirera 6.7 2022
2 Nyagak 3 Zombo Nyagak 5.6 2022 6.1. Current State of Utilization. Wind energy is not yet
3 NYam;’Vabwa Kasese ~ Nyamwabwa 78 2022 developed and is presently an unused resource in the
4 Muyembe  Kapchorwa 69 2002 country for electricity generation. However, the w.1nd speeds
thought to be commercially viable are found in Tororo,
5 Nyagak 2 Zombo Nyagak 5.0 2023 T e -
Total 32.0 Pader, and Nakapiripirit Districts with average speeds

Source: adapted from ERA [118].

development partners to come up with a win-win resolution
[109, 110].

Lastly, hydropower generation depends on the run-of-
river water, which has a direct relationship with the amount
of water entering and leaving the rivers. Climate change has
a major impact on the electricity infrastructure in the
country due to weather extremes like floods that damage
hydropower spillways and damage the electricity trans-
mission infrastructure [111, 112]. Additionally, reduced
inflow flow due to climate change has led to the failure of
many hydropower projects [113, 114]. Ugandan rivers are
being tapped into reservoirs as a resource for the generation
of hydropower through the construction of dams, which
becomes competitive with other uses such as irrigation,
freshwater for households, and fishing [115]. This can be
minimized by considering a massive investment in small-
and medium-scale hydropower instead of large-scale hy-
dropower generating plants. This is because the small hy-
dropower plants depend on lower water levels to run
turbines and hence are less affected by reduced water levels.
Therefore, it is very important to forecast the water level
using software and other advanced forecasting tools
(116, 117].

5.3. Future Trends. In order for the country to meet its
energy demand, many hydropower plants are under con-
struction, and some are being proposed. So far so good. Five
(5) large hydropower plants are under construction, while
three (3) have been proposed with a combined capacity of
2514 MW as shown in Table 5. Five small hydropower plants
(32MW) are under construction, and twenty-seven
(125.6 MW) have been proposed as presented in Table 6 and
Table 7, respectively, while thirteen (5.66 MW) are under

ranging from 7 to 9 m/s at the height of 80 m. Nevertheless,
the wind speed in most areas of Uganda is moderate, with
average wind speeds in low heights (>10 m) between 2 m/s to
4 m/s. Therefore, the wind energy resource in Uganda is only
sufficient for small-scale electricity generation and for
special applications, such as water pumping, mainly in the
Karamoja region [118]. The other current use of wind energy
has been identified to be used for small-scale irrigation [120].

6.2. Challenges and Their Possible Mitigation. The following
are the challenges hindering the wind energy development in
Uganda and their mitigation approaches. There are currently
insuflicient wind resource data within the country, which is
demanded by wind energy projects. These data should be
consistent and reliable data from different locations within
the country. In order to overcome this, there is a need to
develop a wind energy data centre to collect and analyze
wind data parameters across the country [27, 121]. Secondly,
there are challenges regarding wind variability and inter-
mittency, and this is a common natural occurrence in any
geographical location across the world. This challenge affects
power generated, may cause turbine faults, and can com-
pound inaccuracies in load forecasting.

Development of wind power farms requires a skilled
workforce for wind resource assessment, infrastructure in-
stallation, operation, and maintenance, especially in the
implementation of large wind projects, which is currently
lacking in the country. This can be minimized through
capacity building, which can be achieved by deliberately
advancing long-term capacity and technical know-how in
wind power technologies through training, research, and
development [121].

The technologies used for wind power generation and
supply are very expensive. An initial cost of investing in wind
power is approximately 80% of the total project costs.
Additional costs are operation, maintenance, and insurance.
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TaBLE 7: Proposed small hydropower plants.
S/N Power stations District River Capacity (MW) Year
1 Nsongi Bunyangabu Nsongya 7.0 WIP
2 Kiraboha Kasese Rwimi 5.0 WIP
3 Latoro Nwoya Achwa 4.2 WIP
4 Buwangani Manafwa Manafwa 7.0 WIP
5 Nyakinengo Kanungu Nchwera 5.2 WIP
6 Lower Achwa Lamwo and Amuru Achwa 17.4 WIP
7 Awera Pader Achwa 18.0 WIP
8 Okollo Arua Ora 5.0 WIP
9 Rwembya Kasese Rwembya 0.4 WIP
10 Lwakhakha Namisidwa Lwakhakha 6.7 WIP
11 Senok Atari 1 Kapchorwa Atari 33 WIP
12 Kabeywa 1 Bulambuli Mbigi 6.5 WIP
13 Kabeywa 2 Kapchorwa Sirimityo 2.0 WIP
14 Sironko Sironko Sironko 7.0 WIP
15 Nyabuhuka-Mujunju Bunyangabu Nsongya 3.2 WIP
16 Simu Bulambuli Simu 9.5 WIP
17 Sisi Bulambuli Sisi 7.0 WIP
18 Kigwabya Kagadi Nkusi 42 WIP
19 Warugo Bushenyi Warugo 0.5 WIP
20 Igassa Bunyangabu Igassa 0.3 WIP
21 Tokwe Bundibugyo Tokwe 0.3 WIP
22 Nyahuka Bunyibugyo Nyahuka 0.7 WIP
23 Nsongya Bunyangabu Nsogya 0.7 WIP
24 Katooke Kasese Nyabyayi 0.3 WIP
25 Nchwera Mitooma Nchwera 0.5 WIP
26 Hoima Hoima Hoimo 3.3 WIP
27 Kabasanja Kabarole Wamikia 0.4 WIP
Total 125.6

WIP: work in progress; source: adapted from ERA [118].

TaBLE 8: Small hydropower plant available for development.

S/N  Power stations District Capacity (MW) Status

1 Ela Arua 1.5 No studies

2 Ririma Kapchorwa 1.5 No studies

3 Rwigo Bundibugyo 0.48 No studies

4 Nyarwodo Nebbi 0.4 No studies

5 Agoi Arua 0.35 No studies

6 Kitumba Kabale 0.2 No studies

7 Tokwe Bundibugyo 0.4 Preliminary technical studies carried out under AERDP by MEMD
8 Amua Moyo 0.18 No studies

9 Ngiti Bundibugyo 0.15 Preliminary technical studies carried out under AERDP by MEMD
10 Leya Moyo 0.15 No studies

11 Nyakibale Rum Rukungiri 0.1 No studies

12 Miria Adua Arua 0.1 No studies

13 Manafwa Mbale 0.15 Preliminary technical studies carried out under AERDP by MEMD

Total 5.66

Source: adapted from ERA [118].

The high investment cost can be minimized by a financial
risk transfer approach. This constitutes instruments that
transfer a proportion of the risk to public sector agencies and
include Feed-in Tariffs (FiTs), subsidies, Feed-in Premiums
(FiPs), auctions, green bonds, equity financing, and/or hard
loans [27].

The volatility of wind energy interferes with the system’s
capability to control electricity supply. The control of wind
energy intermittency due to climate change is even more

complex with weak grid infrastructure due to inexistent or
sufficient high-power voltage transmission. Wind energy
generation is categorized as nonsynchronous and is asso-
ciated with instability effects on an electricity system due to
low inertia levels. This weak infrastructure can be reduced by
expanding grid infrastructure that could ease connectivity to
the grid by independent wind energy producers, attract
private investors, and broadly increase efficiency in the
generation and distribution of electricity [122].
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TABLE 9: Summary of literature on solar energy in Uganda.

The Scientific World Journal

S/N  Author/year Title

Purpose

Research design

Key finding

Techno-economic
assessment of 10 MW

1 Ozlé)zyla [(it?:gﬁ.) centralised grid-tied solar
photovoltaic system in
Uganda
From fake solar to full
Groenewoudt service: an empirical
et al., 2020 [131] analysis of the solar home
systems market in Uganda
Adoption of solar
3 Aarakit et al.,, photovoltaic systems in
2021 [132] households: evidence
from Uganda
Integration of solar energy
Thadani and Go into low-cost housing for
4 2021 [133] > sustainable development:
case study in developing
countries
Feasibility assessment of
. grid-tied rooftop solar
5 legilgsa[le ; 4?1" photovoltaic systems for
industrial sector
application in Uganda
Agency in transition: the
Bhamidipati role of transnational

actors in the development
of the off-grid solar PV
regime in Uganda

et al., 2019 [135]

Mini-grids and renewable
Eder et al, 2015  Chersy in rl.lral Africa:
7 [136] how diffusion theory
explains adoption of
electricity in Uganda

Performance analysis of a
10 MW solar photovoltaic
plant installed in Soroti city,
in eastern Uganda (latitude
I°N, longitude 33°E)

Analyze the role of product

quality in the transition to

cleaner energy technologies
in developing countries

Analyze factors influencing
households’ choice of solar
PV system

Integrate clean energy into a
low-cost housing
development for sustainable
cities in Uganda and
Indonesia
Evaluate the feasibility of
implementing grid-tied
rooftop solar PV systems in
the industrial sector in
Uganda
Investigate the role of
transnational actors in the
development of the off-grid
solar PV regime in Uganda,
from the early 1980s to 2017

Analyzes the factors that
influence the adoption of

IEC standard 61724-1
and a combination of
dynamic and static
capital investment
methods

Qualitative (market
survey)

Mixed methods

Quantitative

Quantitative

Qualitative

renewable electricity from  Qualitative case study

individual households’
perspectives

Average annual energy
generation by the plant is
16702 MWHh, and the specific
energy output is 1670.2 kWh/
kw
Neither high-quality nor low-
quality solar products offer a
win-win situation if we are to
achieve “access to affordable,
reliable, sustainable, and
modern energy for all” (SDG
7)

The determinants of
adoption, as well as the type of
solar PV adopted, are
heterogeneous. Rural
residence, income, and type of
house are significant drivers
of solar PV type adopted
The levelized cost of electricity
(LCOE) with and without an
optimizer ranged from $0.25/
kWh to $0.36/kWh for
Uganda
Possible annual energy yield
in the range of 1046 kWh/
kW-1344 kWh/kW for all
roof orientations and roof tilt
angles in the range of 0°-45°

Demonstrate empirically the
highly transnational nature of
regime development

There is an emphasis on the
relative advantages of the new
technology. Second, there are
economic requirements
regarding a viable financial
system for adopters, especially
in such a low-income market

6.3. Future Trends. The wind energy development in Uganda
has remained so low, and it is still being harnessed in a
traditional manner such as windmill, winnowing, and many
others. There is an effort to develop and install wind turbines
in some of the selected sites across the country. This is aimed
at achieving renewable energy to back up the hydropower
energy, which is currently the dominant clean energy in the
country.

7. Solar Energy

7.1. Current State of Utilization. In the current situation,
only 28% of the population have access to electricity which is
not even reliable in the country. However, Uganda presents a
huge market potential for alternative technologies to provide
electricity, such as solar energy and photovoltaic (PV)
systems [123]. Solar energy is underutilized in the country,

although this is slowly changing. Overall, the projected solar
penetration in a different part of the country by the year 2021
was 6.1%, with the total annual energy estimated at
69.52 GWh [124]. The use of solar PV started in the 1980s
and has been utilized for lighting, vaccine refrigeration in
health centres, communications, and signaling for the
railways and for telecommunication. In 2014, two 10 MW
solar power stations (Tororo Solar Power Station and Soroti
Solar Power Station) in the east of Uganda were licensed by
the ERA [125]. There exist several PV solar panels with
different market segments, including Pico and microsolar
home system, solar home system, standalone institutional
solar PV system, solar PV minigrids, and telecommunica-
tion and lighting PV solar systems that are being installed
[126]. Pico and microsolar systems are mainly adopted by
the locals in the villages where there is no national grid for
electricity [127]. The other minigrid PV solar systems
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include Xsabo solar plant (20 MW) and Mayuge solar PV
plant (10 MW). Among the different solar PV systems,
rooftop solar PV systems emerged as the best option, fol-
lowed by ground-mounted solar PV systems [128]. In the
rural population, the electricity generated by the solar home
PV systems is mainly used in household application such as
cellphones, lighting, and radios [129]. Solar energy has been
an attractive area of study among researchers in the recent
past. Table 9 shows examples of studies on solar energy in
Uganda.

7.2. Challenges and Their Possible Mitigation. The main
challenge with solar energy is the environmental impact.
Solar energy does not pollute air and water or cause
greenhouse gases. It can have a positive, indirect effect on
the environment. Using solar energy replaces or reduces
the use of other energy sources that have larger negative
effects on the environment. However, some toxic mate-
rials and chemicals are used to make the photovoltaic (PV)
cells that convert sunlight into electricity. Some solar
thermal systems use potentially hazardous fluids to
transfer heat. Leaks of these materials can harm the en-
vironment and cause health effects to human beings and
animals. However, environmental effects from solar en-
ergy technologies are usually minor and can be minimized
by appropriate mitigation measures. The potential envi-
ronmental burdens of solar energy are regularly site-
specific, depending on the size and nature of the project.
This can be minimized by proper site selection. The se-
lected sites should not interfere with land farming and
other land uses. Some of the mitigation strategies con-
cerning community resistance and investments cost can
be borrowed from the previous energy system such as
hydropower and wind energy [27, 105].

7.3. Future Trends. With the need to achieve 100% re-
newable by 2050, Uganda will have to develop its solar
energy four times the existing capacity [92]. This can be
simply put as the need to use solar and other renewable
sources of energy will be no more an alternative but a must-
do thing in the near future. The government of Uganda has
therefore started a partnership with the private sector
energy providers that can build solar plants in Uganda and
learn from them for the agreed duration of time. Solar
hybrid system can be abetter energy techonology for
Uganda in the near future [137, 138]. Therefore, the eco-
nomic viability of solar hybrid systems needs to be in-
vestigated in the case of Uganda, for instance, floating solar
PV and hydropower hybrid system, biogas-solar PV sys-
tem, PV-storage-diesel generators, and many others [139].
Solar energy for thermal application plays great for post-
harvest management as it is used for drying [140]. Hence,
the development and utilization of solar dryers should be
expanded in rural Uganda. The use of software for hybrid
system optimization [141] and long-term energy planning
optimization model with integrated on-grid and off-grid
electrification should be extensively researched [142].
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8. Geothermal Energy

8.1. Current State of Utilization. The global geothermal
energy market and utilization are constantly increasing
with the US remaining the largest national market
[143-146]. The potential and status of geothermal energy
development vary from country to country and region to
region [147]. Uganda still has no geothermal energy in
operation. Ever since the quest for geothermal potential in
Uganda began, more than 40 geothermal sites have been
studied for their prospect’s parameters like temperature,
chemistry of reservoir, natural heat transfer, and fluid
characteristics to identify specific project areas and pri-
oritize those for more detailed investigation. So far so good,
three major potential areas for geothermal energy have
been discovered as detailed in Table 10 [118], while the
latest site discovered is Panyimur geothermal, which is
located in Pakwach District.

8.2. Challenges and Their Possible Mitigation. There are 10
challenges that hindered the geothermal development in
Uganda: (1) land access barriers and competition, (2) di-
versification of Uganda’s energy mix, (3) large investment
costs, (4) lack of awareness and information, (5) government
policy, incentives and institutional challenges, (6) inade-
quate research and development, (7) inadequate human
capacity and training, inadequate infrastructure to support
geothermal energy development, (8) inadequate infra-
structure to support geothermal energy development, (9)
shortage of financial resources, and (10) sociocultural and
environmental challenges [148, 149].

Several mitigation approaches have been proposed;
however, most of the solutions to the challenges are similar
to the other energy systems described earlier. Some of the
countermeasures for the abovementioned challenges include
financial and subsidy incentive to individuals and com-
munities as well as private organisations for the development
of the geothermal energy project and community partici-
pation/ownership of geothermal energy projects for security
and infrastructure. Loan facilities can be sought from Af-
rican Development Bank as well as the global environmental
facility. Regular environmental audits and environmental
systems strengthening and streaming to ensure proper use
and restoration of existing ecosystem services [148].

8.3. Future Trends. Until now, all the studied prospects have
not yet reached an exploration stage suitable for the tar-
geting and drilling of deep exploration wells. Expected
temperatures are suitable for electric power generation
using ORC plants, subject to the confirmation of the ex-
istence of reservoirs suitable for industrial exploitation.
Geothermal energy is one of the possible alternative re-
newable energy sources in Uganda, which could supple-
ment other sources of energy. Therefore, the country is not
giving up on it. The development of technology and skills to
extract the geothermal energy from the sites discovered is
in progress.
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TABLE 10: Prospective geothermal sites in Uganda [118].
District Site Temperature Remarks on status
.~ There is sufficient information for the development of a geothermal energy
Surface temperature: 71°C . . - e
Katwe- - programme on the Katwe-Kikorongo site, which has been selected for drilling
Kasese . Inferred reservoir - . .
Kikorongo . the first geothermal well in Uganda. The site has occurrence of a medium-to-
temperature: 150-230°C hi
igh-temperature resource.
Surface temperature: 97°C  Nyansimbe and Mumbuga in Buranga (Sempaya valley) have the highest
Bundibugyo Buranga Inferred reservoir surface heat output among the thermal prospects considered and provided
temperature: 120-150°C  sufficient information for the development of geothermal energy programme.
Surface temp: 84°C Kibiro site has moderate surface heat output among the thermal prospects
Hoima Kibiro Inferred reservoir temp:  considered and provided sufficient information for the development of the
200°C and above geothermal energy programme.
9. Nuclear Energy never been developed in the country. (vi) Another critical

9.1. Current State of Utilization. Nuclear energy is consid-
ered a valuable option for the decarbonization of power
generation, as it is produced from noncarbon resources
[150]. Therefore, it plays a major role in meeting the future
global energy needs and mitigating the threat of climate
change [151]. Uganda is among the African countries with a
high potential for nuclear energy development because of
the availability of uranium reserves [152-155]. However,
Uganda’s energy scenario is quite different from other Af-
rican countries such as Ghana, Libya, and Egypt. It has a
nuclear power potential of 24000 MW, but preliminary
findings indicate that 50000 km” of estimated uranium can
be found around Buyende, Nakasongola, Mubende, Kir-
uhura, Buhweju plateau, and Lamwo. There is a need for
proper investment planning by the government as the unit
cost of developing 1 MW of nuclear energy is $6 million.
However, the government efforts are to build a 1000 MW
power plant in the medium term and 2000 MW in the long
run. In total, the government is planning to invest in energy
infrastructure and raise generation capacity to 3500 MW in
the near future, and it also seeks to increase per capita
consumption from the current 215 kWh to 674 kWh over the
medium term [156]. This will be unprecedented energy
reform in the country due to its abundance.

9.2. Challenges and Their Possible Mitigation. There are
numerous challenges that are debarring atomic energy de-
velopment in Uganda besides the danger and the fear of
nuclear energy. These challenges include but not limited to
the following as highlighted [157]: (i) There is a very high
initial capital cost of building a 1000 MW nuclear power
station in Uganda, averaging almost $6 billion (in 2020
dollars). (ii) There is insufficient public awareness of nuclear
power development. Worse still, technical information is
inadequate, and data is insufficient to accurately assess the
availability and true potential of nuclear energy. (iii) There is
strong competition with other energy sources. (iv) Uganda
which has no policy on nuclear energy is not expected to
have a waste management policy on nuclear wastes, which is
quite dangerous for the country. (v) Nuclear technology is
very complex and demanding that requires specialized
knowledge and excellence in human performance, which has

barrier to the development of nuclear energy development in
Uganda is the absence of the enabling infrastructure (grid
unreliability) in the form of transmission and distribution
lines that can transmit electricity to remote places, and
because of this limitation, they resort to rudimentary
technologies used in most of the rural places in Uganda
which are essentially small and very inefficient. (vii) Pres-
ently, there is limited research effort by the government of
Uganda in nuclear energy. Notably, there is no nuclear
energy research and development program that is reinforced
with government funding. (viii) One of the most critical
challenges is that politics and geopolitical risks are em-
bedded in nuclear energy development [157-159]. (xi) The
fear of environmental concern related to nuclear energy
production and uranium mining is among the challenges
contributing to the delay of nuclear development in the
country [160]. Further challenges of nuclear power devel-
opment are well-elaborated by the previous studies: Adams
and Odonkor [161] and Ansah et al. [162].

Several countermeasures to the challenges have been
pointed out. These include the following: the government of
Uganda may undertake an energy subsidy reform by
transferring subsidies from fossil fuels to nuclear energy
technologies. In addition, there is a need to regularize
manufacturing processes in order to promote nuclear energy
technology in Uganda. Most of the solutions, such as ca-
pacity building and feed-in-tariffs policies, are similar to
other energy systems [163].

9.3. Future Trends. In the face of growing energy needs
arising from the rapidly growing population, there is a need
to find alternative clean, efficient, reliable, and affordable
sources of energy in Uganda which can meet this need. As
such, nuclear energy has been considered a good fit that
could cover this unprecedented energy demand as well as
soothing socioeconomic activities in the country [156].

10. Peat Energy

10.1. Current State of Utilization. Peat is the surface organic
layer of soil, consisting of partially decomposed organic
material, derived mostly from plants, which has accumu-
lated under conditions of waterlogging, oxygen deficiency,
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acidity, and nutrient deficiency. Peatlands are areas of
landscape, with or without vegetation, that have a naturally
accumulated peat layer at the surface [164]. The peatlands
area in Uganda is projected to be about 4000 km?, and the
average thickness of peat deposits is estimated to be about
1.5 m, with the total peat volume to be 6000 million cubic
metres, while the average dry bulk density is estimated to be
around 100 kg/m? and a net calorific value of 17 Giga Joules/
tonnes while theoretically, peat volume corresponds to about
250 million tonnes of oil equivalent (Mtoe) [105]. Inter-
estingly, peat energy can be a promising source of electricity
for Uganda because peat-to-power technology is cost
competitive compared to the electricity utility price [165].

10.2. Challenges and Their Possible Mitigation. The damaged
peatlands in the country are already releasing almost 3.7
megatons of CO, equivalent each year, which is very dan-
gerous to the environment. Moreover, these emissions are
likely to increase with further peatland deterioration as a
result of climate change [166]. Generally, peatlands need
more studies and long-term monitoring in relation to
vegetation changes and corresponding ecosystem services
such as GHG, water quality, and flooding. This is helpful in
supporting further financial investment. Sharing good
practice on peatland management and scientific information
across peatland countries is an important objective [166].

10.3. Future Trends. Kabale Energy Limited is the first
company entrusted by the ERA to undertake studies nec-
essary for generation of approximately 33 MW using peat
resource in Kabale District. Meanwhile, ERA is currently
processing a permit extension application for the said
project. There is hope that the total available peat resource
volume will be adequate for generation of about 800 MW for
the next 50 years. However, the available peat resources are
dispersed mainly to Western and South-Western Uganda,
where the desired characteristics are better than in other
regions [118].

11. Coal Energy

11.1. Current State of Utilization. There is currently limited
study on the existence, consumption, and production of coal
in Uganda. This implies that there is no coal deposit and
utilization in the country [167].

11.2. Challenges and Their Possible Mitigation. Coal pro-
duction and uses in Uganda have not yet commenced;
however, some challenges are attributed to the use of coal as
derived from the coal dominant countries such as China and
the USA [168].

Price inflation is a problem associated with coal in that
depletion of the highest-quality, easiest-to-mine coal leads to
higher prices. The price of delivered coal is also sensitive to
oil price increases because diesel fuel is an important input
for mining and transportation. Price inflation can be solved
by the value diversity in fuels, technologies, and suppliers in
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integrated resource planning; this will reduce the tendency
of overdependency on coal only by investing in solar, wind,
and geothermal, among others [169].

Environmental constraints and costs are associated with
meeting new pollution-control requirements. Environment
pollutants such as GHG emission, particulate matter, and
NOx due to coal mining and combustion has become a
global concern since the world is eyeing carbon-free pro-
duction and operation; therefore, new and pending envi-
ronmental rules are expected to increase substantially the
costs of operating existing or building and operating new
coal plants, and some of the technologies are proposed to
better manage emissions [170, 171]. Fully evaluate pollution-
control investments for existing power plants and secure
option values by evaluating practical options, investigating
those that are most promising, and procuring those that
produce the most value under the broadest range of plausible
future conditions. This will prevent issues associated with
environment pollution and global warming due to carbon
emissions.

There is a health issue concerning the use and production
of coal. Coal kills people and causes disease from coal-fired
power plants causing 23,600 premature deaths, 21,850 hos-
pital admissions, 554,000 asthma attacks, and 38,200 heart
attacks every year. Additionally, coal kills jobs compared to
other renewable energy sectors like wind and solar. In
America, the wind sector employs more workers than the coal
industry. Investing in wind and solar power would create 2.8
times as many jobs as the same investment in coal; mass
transit and conservation would create 3.8 times as many jobs
as coal [172]. Policy drivers like the introduction of stringent
environmental and safety regulations are less favorable
against coal but can help to reduce safety violation and hence
decreases exposure to coal [173]. The more radical approach
to mitigate the negative and harmful effects of coal usage is
through cancelling new coal power plants [174].

11.3. Future Trends. Since there is no much information
related to coal deposits in the country, the future trend will
only rely on further exploration with technology that will be
available in the future. With constant exploration, maybe
one-day coal deposit can be found in the country.

12. Petroleum Energy

12.1. Current State of Utilization. Being a landlocked
country, about 85% of Uganda’s petroleum imports are
routed through Kenya and 15% through Tanzania [32].
However, commercially viable deposits of oil around Lake
Albert in western Uganda were first discovered in 2006
[175]. Oil exploration and development in Uganda were
triggered by the high international oil prices between 2004
and 2014 [176]. The late discovery of oil made Uganda
becomes one of the region’s newest petrostates [177].
Therefore, this led to the creation of new legal frameworks
for oil and gas in Uganda in 2013 to put in place local content
policies [178]. The presence of oil in the country will
gradually change the petroleum industry in the near future.
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FIGURE 4: Space for governance in Uganda’s oil sector. CSOs: coherence among civil society organisations; CSCO: civil society coalition on
oil and gas; PWYP: publish what you pay; CBOs: community-based organisations [183].

The oil and gas development in Uganda is being championed
as a key to a “better life” [179]. Nevertheless, the full ex-
ploitation of the deposits might require the construction of
an export pipeline to the Indian Ocean coast at Tanzania or
Kenya coastal areas, although other possibilities are being
examined [180].

The transport sector is the major consumer of fossil fuels
and accounts for about 75% of the fossil fuel import bill [32],
while Liquefied Petroleum Gas (LPG) (0.06%) and electricity
(0.45%) make up a relatively small portion of overall
household energy demand. Overall, the combined diesel and
LPG contribute 3.2% of the sector’s energy consumption in
the country. In general, households that use LPG consumed
approximately 31% less charcoal than those not using LPG
[181]. This illustrates the benefit of petroleum product
utilization in minimizing overdependence on solid biomass
[182]. Petroleum products have been used in several areas of
application as illustrated in Figure 3.

12.2. Challenges and Their Possible Mitigation. Several
challenges are hindering the development and utilization of
petroleum energy. These include but not limited to the

following: weak local government capacity for oil resource
governance (Figure 4) and lack of industry-driven inter-
action with the local people [183]. The cost of investment in
petroleum is too high, considering right from exploration
and extraction to transportation, leaving alone refinery,
which Uganda cannot handle with the current technology.
For instance, the construction of Uganda section of the East
African Crude Oil Pipeline (EACOP) will cost over USD
$3.5 billion in total to transport crude oil from Hoima in the
Albertine Graben region of Uganda to Tanga in Tanzania, a
distance of 1443 km [184]. Besides, the construction of an oil
pipeline can result in so many environmental and social
impacts, including physical displacement, resettlement,
economic displacement, disputed valuations, delayed
compensation, livelihood disruption, food insecurity, un-
certainty, fear, and anxiety [184].

The fear of environmental degradation (especially noise
pollution, soil erosion, and wildlife disturbance) caused by
oil and gas exploration activities is among the challenges for
petroleum development [185]. Moreover, oil extraction is
associated displacement of people living around the area of
vicinity [186]. Next, the fear of petroleum pipeline fire and
explosions, which can be catastrophic and lead to dangerous
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destruction of properties and loss of human and animal life,
is also among the challenges [59].

Oil and gas development is associated with geopolitics
[187]. Therefore, present oil in some countries is just a resource
curse with endless instability [188]. In this regard, political
leaders have a great influence on the success of petroleum
development and utilization in the country. So, political
leaders who are known to be bureaucrats can spend natural
resource revenue in ways that entrench their political power
but undermine longer-term economic development [188],
hence, leaving their countries in constant and miserable energy
poverty level. Therefore, greater stakeholder involvement can
be helpful in alleviating the fears of shaping negative expec-
tations and create conditions necessary to eradicate bureau-
cracy among the political leaders hence avoiding the energy
resource curse [184, 189]. In addition, political and institu-
tional innovation is inevitable to address the challenges related
to oil development in the country [190]. Above all, some of the
mitigation strategies of the challenges are similar to ones
described in the case of the coal energy system.

12.3. Future Trends. Uganda started its oil extraction at
Albertine, and the creation of a pipeline to Tanzania was
proposed by the government. The government also plans to
develop its own processing plant. Currently, the country is
exporting unprocessed crude oil. Therefore, the future de-
velopment will be to establish an oil refinery plant in the
country. Recycling petroleum products such as polythene,
PET bottles, and polypropylene into diesel can also be
beneficial to the environment as well as increasing fuel
supply in the country. This is attracting a number of re-
searchers in the present days on how diesel fuel oil can be
obtained from municipal plastic wastes, and it is efficient to
use in transportation [191]. It can be concluded that the
Uganda oil project is generally profitable and that deferring
oil production is justified except in the cases where the net
convenience yield or cost inflation is high [192]. The people
mindset toward becoming a Petro-citizenship needs to be
assessed because it might also affect petroleum development
in the country [193]. Nevertheless, continuous discovery of
oil deposits and estimation of available oil reserves is of great
interest to the country [194].

13. Nonsolid Biomass Energy

13.1. Current State of Utilization. The nonsolid biomass
energy includes liquid and gaseous biofuel such as biogas,
bioethanol, biomethanol, biodiesel, and hydrogen as
depicted in Figure 5. The transition from traditional bio-
mass (wood and charcoal fuel) to modern biomass and
biofuel production and consumption is a main focal area of
the government to go green with sustainable energy sys-
tems by 2050 [195]. There are modern biomass energy
systems called cogeneration which involves using biomass
for general electricity as alternative energy [196]. So far,
Kakira Sugar Works Limited and Kinyara Sugar Limited
are generating electricity for sale to the national grid from
bagasse, providing 12 MW and 5 MW, respectively, as of
2010. Generally, biomass cogeneration from agricultural
wastes is seen to hold particular promise as a technology for
the country. Biogas is among the most globally adopted
biochemical conversion technologies for waste-to-energy
technology [197, 198]. However, biogas digester distribu-
tion is still very limited in Uganda. The biogas imple-
mentation process started way back in the 1990s, and 50
digesters were installed in five districts (Iganga, Kabarole,
Mbale, Mpigi, and Tororo) in the country by 2004
[105, 167]. There is also already power being generated
from wood gasifiers at Muzizi Tea Estate (250kW) and
Mukono gasification system (10 kW) [199].

Besides biogas, ethanol production is also developing at a
rapid pace. So far, there are three companies producing
ethanol from several feedstocks. For instance, Kakira Sugar
Works Limited in Jinja and the Sugar Corporation of
Uganda Limited in Lugazi already have installed capacity to
produce 35,000 and 60,000 liters of molasses ethanol per day,
respectively. On the other hand, Kamtech logistics in Lira
has installed a capacity of 4000 liters of cassava ethanol per
day [200]. It is worth noting that the first-generation ethanol
can be produced from feedstocks that contain sugar, for
example, sugar beet, sugarcane, and molasses. However, it
can also be obtained from starch crops such as maize,
cassava, banana, and sweet sorghum. Contemplating biogas
energy technology has been of interest to a number of re-
searchers in recent years. Table 11 presents the examples of
the previous studies on biogas energy in Uganda.
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TaBLE 11: A summary of previous studies on biogas energy in Uganda.
SIN Author/year/ Title Purpose Research design/method Key finding
reference
Realising the transition to Assess.the entrep r.el.le.:urlal A multimethod approach Existing research has
- . . potential and feasibility of . . neglected the
. bioenergy: integrating . . comprising semistructured . 1
Namugenyi . . developing a mobile system . L entrepreneurial potential in
entrepreneurial business i . interviews, nonparticipant .
1 et al., 2022 . . for purifying and bottling ; biogas energy that could
models into the biogas . . . observation, document .
[201] . . . biogas in portable cylinders . . . increase energy supply and
socio-technical system in . . analysis, and a feasibility . .
for wider society access in developing
Uganda . study .
consumption and benefit countries
Between 2009 and 2017,
Africa biogas Partnershlp Analyze the Africa biogas _over 27,009 hQuseholds
Clemens program: a review of clean - 5 . installed a biodigester, half
L . partnership program in  Literature survey (RE-AIM .
2 et al., 2018 cooking implementation : . . of them in Kenya.
Kenya, Tanzania, and framework) and interview L.
[202] through market Ucanda Biodigester development
development in east Africa 8 hubs numbers: Kenya (22);
Uganda (5); Tanzania (7)
50% of productive biogas
installations failed within
Long-life performance of  Evaluate the performance two years after their
" . L . . commissioning due to
Tumusiime biogas systems for of productive biogas Mixed research design logistical and technological
3 et al,, 2019  productive applications: the installations with the aimof  (both interviews and & &
. o . challenges.
[203] role of R&D and policy  determining the root cause experimental tests) . .
. Insufficient R&D in the
Edmund of this poor performance . .
biogas sector is suggested to
be the lead cause of such
poor performance
InYestlgate the sultablhty‘ of The briquettes from the
oo . digestate from anaerobic . .
Characterization of biogas .. ™" . biogas digestate
Ogwangetal, s digestion of cow dung, pig . .
4 digestate for solid biofuel Experimental demonstrate potential for
2021 [204] L dung, and human waste .
production in Uganda . domestic thermal
feedstock as a solid fuel for applications in Usanda
thermal applications bP &
The dynamics of household Household labor should be
. . Assess the factors -
labor allocation to biogas . . . critically analyzed before
Nalunga et al,, . influencing labor allocation . o . A
5 production, farm and - . ... Field survey (qualitative) investing in biogas
2019 [205] T of biogas production within . .
nonfarm activities in central digesters to in- crease the
farm households
Uganda success of the technology
An increase in the family
size, the number of cattle,
. Dis-adoption of household  Analyze dis-adoption of the number of pigs, and the
Lwiza et al,, . S . L .
6 2017 [206] biogas technologies in biogas technologies in Cross-sectional survey  age of the household head
central Uganda Florence central Uganda reduced the likelihood of
biogas technology dis-
adoption
Biogas energy production is
Walekhwa Economic v1ab1hty of biogas Assess economic viability economically ylable with a
energy production from . . payback period of 1.17,
7 et al.,, 2014 familv-sized di . of biogas energy Field survey P
[207] amily-sized digesters in production in Uganda 1.08, and 1.01 years for
Uganda 8m>, 12m° and 16 m>
biogas plants, respectively
The majority of surveyed
households showed their
Are smallholder farmers . , willingness to pay, but an
s . Investigate the farmers ,
Kabyanga  willing to pay for a flexible willineness to pav for a Case study with field average household’s
8 et al., 2018 balloon biogas digester? ﬂexibgie balloog l)),io as sque maximum WTP (US$52)
[208] Evidence from a case study § Y was ten times less than the

in Uganda Moris

digester

actual cost of an imported
flexible balloon digester
unit (US$512)
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13.2. Challenges and Their Possible Mitigation. The chal-
lenges of the development and utilization of nonsolid bio-
mass are quite similar to the previous energy systems.
Moreover, the barriers to the wider implementation of
biogas as a source of energy have been comprehensively
reviewed by previous studies [209-215]. However, some of
the challenges include lack of technology and capacity
building, high investment costs, and poor country’s regu-
lation, policy, and standards. Similarly, the mitigation of
these challenges can be adopted from the previously dis-
cussed energy systems.

13.3. Future Trends. The need for the future development
and utilization of nonsolid biomass is so demanding as a
strategy to address climate change. The country should
expand the existing biogas plants to all villages. Gasification
should be studied and adopted in the country because it is
the technology that promises clean fuel to mitigate climate
change and uses varieties of cheap and locally available
feedstocks such as agricultural and agroprocessing residues
and MSW [216-218]. Biofuel or biodiesel, ethanol, and
methanol production facilities should be developed or ex-
panded since the country is very rich in biomass. There are a
lot of underutilized agricultural and agroprocessing residues
that need to be converted into useful resources. This has
opened new ground for research in bioethanol production.
For instance, a study has been conducted on bioethanol
production from different matooke peels species [219]. The
future clean energy that is going to change the country
energy profile with less or no environmental concern is
nonsolid biomass [220, 221]. Therefore, the country should
plan to forget the traditional use of solid biomass.

For instance, biogas uptake among the community is still
below average in most developing countries [222]. This calls
for new thinking in biogas dissemination strategy and
business model. Search for feedstocks for both biogas and
gasification. Codigestion (two feedstocks) of mixed waste is
also an attractive area of research, for example, biogas pro-
duction from livestock manures and slaughterhouse waste
[223]. Moreover, a recent study assessed the entrepreneurial
potential and feasibility of developing a mobile system for
purifying and bottling biogas in portable cylinders for wider
society consumption and benefit. This could increase biogas
energy supply and access in developing countries [201].
Therefore, extensive study is recommended in this area.
Further, smart systems for monitoring the biogas production
process are also attracting research today [224].

14. Discussions and Recommendations

Human and animal energy sources are still the most utilized
energy sources in rural areas of Uganda. However, there is
still a gap in its utilization. Unfortunately, many youths are
currently unemployed and eventually waste resources on
activities such as gambling or betting and leisure. In order to
harness the power of humans and animals to the fullest,
there is a need for proper technology and tools design. For
instance, the mechanization of agriculture is one of the
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technologies required. By using proper technology and tools,
human and animal energy can be sustainably utilized
without making them drudgery.

The traditional cooking stoves that use firewood are still
dominant within the rural population of Uganda. Overde-
pendence on firewood as the source of energy has resulted in
deforestation. Nonetheless, it is still a hurdle for the gov-
ernment to provide cheap fuel like firewood to the rural
population in order to reduce the overreliance on firewood.
Worst still, charcoal, a processed wood fuel, is being used
among the urban people. This makes no difference in terms
of deforestation, though it is cleaner than firewood with less
or no smoke problem. Technology such as briquetting of
agricultural residues and municipal wastes (MSW) can be a
better solution to the overutilization of firewood. The use of
other energy sources for cooking, such as LPG, biogas,
electricity, and ethanol, is paramount important to minimize
overdependence on firewood.

Hydropower is the hope and future for Uganda elec-
tricity, as nuclear, geothermal, and wind are still paperwork.
River Nile is the miracle river for Uganda, where most of the
large hydropower stations are constructed. The country’s
overdependence on hydropower for electricity is indeed not
very safe for the future. With so many challenges of hy-
dropower, such as climate change and high investment and
maintenance costs, the country will not meet electricity
demand in the future. Therefore, Uganda should continue to
explore and develop other energy sources for electricity.

Wind energy in Uganda is still a story with so many
questions unanswered regarding whether it will be eco-
nomically feasible to install the wind turbines in the sites
identified or not. Wind energy requires a huge amount of
land, which is not easy to be given out by the local people,
and compensating all these people will require enormous
capital investment costs. Nevertheless, a small wind farm can
be established to supply the specific settlement without the
need to connect to the national grid.

Solar energy from PV cells is currently being adopted by
most people in villages. So many places where the hydro-
power national grid is not reaching are massively depending
on solar PV electricity to power their electronic devices,
lighting, and so many other uses. However, the application
of PV electricity should be expanded, such as cooking,
powering agricultural machines, and crop processing.

Geothermal energy in Uganda has not been developed,
and it is still more paperwork. There is still much to be done
to start harvesting geothermal energy. The competition with
many cheaper energy sources such as hydropower and solar
will not make geothermal energy come to life any time
sooner. However, the country should not look down on
geothermal energy because having diverse energy sources is
essential for the sustainability of power utilization in the
country.

Nuclear energy is the atomic energy of the future for
Uganda. Nuclear is being feared and wanted at the same
time. With the availability of large deposits of uranium,
Uganda stands at the edge of developing nuclear energy in
the near future. The only challenge is meeting the 19 nuclear
energy infrastructure requirements, such as availability of
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safety regulation, nuclear waste storage, technologies, and
skilled manpower. Despite the hurdle in overcoming the nu-
clear energy challenges, the country should never give up. This
is because nuclear energy is the only energy that will reduce the
country’s overdependence on hydropower for electricity.

Peat energy is a forgotten but very important energy
source that can be harnessed cheaply. Uganda is blessed with
large peatlands. Peat is not like coal or petroleum; in fact, it is
between renewable and fossil fuel. That means it is not a full
fossil fuel or renewable energy source. The utilization of peat
will be a great opportunity for Uganda to diversify its energy
sources which in turn will improve the overall sustainability
of the energy sources in the country.

Coal energy, the black gold, is just a story for a country
like Uganda. There are not many studies done on coal, so
there is no idea of whether Uganda has a coal deposit or not.
Importing coal from other countries such as Tanzania or
DRC will be too expensive for the country to economically
benefit from such an energy source. Nonetheless, it is better
for the country to remain without coal utilization. This is
because the utilization of coal comes with so many problems
that the country might not handle.

Petroleum energy is still the only single energy system
for the transportation industry in Uganda. Petroleum is just
full of geopolitics, and thus, the main challenge with its
utilization. Uganda being a landlocked country suffered
from the importation of petroleum, making the trans-
portation industry unstable in terms of fare. The rise in
transport costs is then directly linked to the prices of
commodities. The newly crude oil mining at Albertine is
now the hope for the country as much as it is being exported
for processing. For a country to be self-sufficient in the oil
field, it has to develop its own processing plants with all the
technologies and human skills required. This is the only way
the country can be independent of itself.

Lastly, nonsolid biomass such as hydrogen, biofuel,
biogas, ethanol, and methanol are very clean and renewable
energy sources that the country should bet big on them. For
instance, biogas can be an alternative to firewood for
cooking as well as LPG. Gasification of the agricultural
residues and MSW is also potential technology that can be
used for cooking and transportation (hydrogen gas). So far
so good; the country is trying to develop and install biogas
and ethanol plants. However, the country should also look at
biomass gasification or even cogasification with MSW.
Gasification of MSW offers more potential than energy
recovery from MSW incineration [225]. Cogasification is
vitally important because it is the technology that will solve
both energy and environmental problem. In these regards,
researches are required to understand the suitability of
biomass gasification in the country, and also studies are
needed to gain insight into the cogasification process of
several feedstock combinations.

15. Conclusion

The present study successfully reviewed energy systems in
Uganda. Human and animal energy is the forgotten re-
newable energy that needs to be harnessed sustainably to
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avoid drudgery. Hydropower is still the alpha and omega for
the country as far as electric power is concerned. There is a
need for the country to diversify its energy systems for
electricity generation. Thus, the only hope for the country
future electricity generation is from atomic energy (nuclear
energy). Though it is not a renewable energy source, nuclear
energy will be very vital to minimize the country overde-
pendence on hydropower. Many energy systems are still
underdeveloped or underutilized. Geothermal, wind, peat,
and nuclear energy systems are still in an early stage of
development and are not utilized. However, there is a plan
for the development to reach the utilization stage in the near
future. Solar energy and biogas energy are the most studied
energy systems in Uganda in the academic literature.
Thermochemical processing of biomass and nonbiomass
wastes into syngas or hydrogen is becoming a more at-
tractive area of research today, as there is a rising need to
produce clean hydrogen with reduced production and raw
material cost. Bioethanol energy is one of the adopted
nonsolid biomass energies in Uganda; however, its appli-
cation for transportation in the country is still limited
compared with other developed nations. The present study
has not covered in detail the technologies used for harvesting
or harnessing these energy systems. Therefore, further study
is required to review the technologies behind the energy
systems utilization, and the impact of these technologies on
energy development and utilization should be investigated.
In addition, several energy systems were not covered in this
paper. Particularly, the tidal, wave, battery, fuel cells, hybrid,
and gravity energy storage systems need to be investigated
for their utilization and development in the country.
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