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Abstract

This study investigates biomass energy applications and development in Uganda. Traditional biomass
dominates Uganda’s energy mix with 89% of overall primary energy consumption. It seeks to assess
bioenergy applications; it also analyses drivers and barriers of biomass consumption. Qualitative
research procedure were handy in gathering information. It used archival and literature review
of relevant documents and empirical literature. Empirical literature was triangulated from varying
sources of archival information. This information was gathered in various themes. Information from
documents were observed from a number of sources to establish their validity and attain a higher
level of truths. Information profiled was then summarised and sequenced to derive greater meaning.
The contribution of this paper therefore is to forge a safe transition from the traditional biomass
to more modern bioenergy alternatives in the energy ladder. The findings indicate an in-built use
of traditional biomass because of the drivers that outweigh the constraints of its use. Suggested
policy measures to transition to modern biomass energy consumption are made. This study provides
critical review of bioenergy application and development in the Ugandan setting. This is a landmark in

informing the economic planner on the right policy direction of diversifying energy use.
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1. Introduction
1.1 Background and motivation

Biomass energy is still a formidable primary energy source worldwide
constituting about 6% (Sliper, 2024). Biomass and bioenergy conversion
technologies will meet the low atmospheric concentration of 350PPM
atmospheric carbon dioxide (Azar et al., 2006, Luckow et al., 2010).
Renewable energy consumption will avoid about 50% of carbon dioxide
(CO2) emissions by 2050 (Barnejee 1999). Over reliance on biomass
can abate this if and only if modern biomass and bioenergy consumption
is undertaken to promote sustainable growth and development (Afrane,
Ampah, Jinjuan, Yang, Chen, & Mao, 2024).

The economic potential of harvesting biomass by coppicing wood
combined with conversion technology in a biorefinery can constitute a
formidable energy potential for Uganda (Volk, Spinelli, Eisenbies, Clark,
R., Emerson, Frank, ... & Webb, 2024). About 89% of Uganda’s primary
energy consumption is traditional biomass (NDP V), there are all
reasons both economic and technical why Uganda may need to develop
a sustainable biomass energy use in its energy mix. Adopting the use of
modern biomass reduces indoor air pollution and other related health as
well as environmental hazards (Buyinza and Kapeller 2018, Mutumba et
al., 2021).With the right technology, it is possible for Uganda to extract
its biomass potential to a sustainable extraction path and achieve
economic growth.

Traditional biomass may mean the use of firewood, charcoal, crop
wastes for cooking and lighting (Eleri and Eleri, 2009, Khaeso, et al.,
2024). This is an ineffective way of biomass energy use. It leads to
indiscriminate tree cutting and hence deforestation (Koroma, & Fofanah,
2024). It is important that innovations around this energy use fosters
modern and more efficient use of biomass (Mashhadi et al.,).
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The main objective of the study is to raise awareness on biomass
energy potential, drivers and challenges of biomass energy and suggest
strategies to overcome them. The sustainable use of biomass can be
handy for a developing country like Uganda since it is self-replenishing.

1.2 Bioenergy Resources and sustainable development

Globally, bioenergy accounts for 55% of renewable energy, it is a dominant
energy source (Bildirici and Ersin, 2015). It constitutes 6% of primary
energy consumption and 15 % of total electricity consumed (Asumadu-
Sarkodie et al., 2019), while 67% of all cooking is from biomass; it
constitutes over 90% of rural energy consumption (IEA, 2019). The
trend is transitioning from traditional biomass and rising modern biomass
consumption (Gao & Zhang 2021). The sustainable development goal
(SDG) 7 advocates for affordable and reliable clean energy for all by the
year 2030. This then advocates for a quick transition from traditional to
modern forms of biomass energy while taking into account the contribution
biomass plays in avoiding carbon dioxide emissions.

Uganda is an energy starved country despite the abundance of energy
resources (Effoduh 2024). The access to electricity is limited due to
low income per capita, so an average household can barely afford to
purchase electricity to use; as such they heavily rely of fire wood, which
in turn brings environmental hazards (Miito and Banadda 2017). This has
often resulted into over deforestation, soil erosion and increased climate
variability through reduced precipitation and longer drought periods. This
has adverse effects on climatic variability and climatic change.




Bioenergy is a renewable energy source that is conveniently available.
This explains why it is dominating in most of the Sub Saharan Africa.
However, most of this is the traditional biomass, because of the
insufficient technology to modernise its use. Biomass and waste
conversion technologies exist and can be adopted to support efficient
use of existing biomass.

In order to lead a sustainable livelihood, there is need to sensitise
households in the value of transforming to the use of modern bioenergy.
Rural households need to be supported into use of modern bioenergy.
Creation of awareness as well as empowering these households to use
energy sustainably is every ones role. This study is to provide a useful
pattern for this transition from traditional to modern bioenergy use to
occur. This will forge a way towards a sustainable livelihood framework.

1.3 Contribution of this study

This study has empirical value to add to the energy literature. First,
to establish the available standing stock of biomass in Uganda. This
will be useful in overcoming fundamental inadequacies in clean energy
supplies which in turn will overcome energy poverty in Uganda, with
an average Ugandan household spending 22% of their incomes
on energy (Sennono et al., 2021). Yet using traditional biomass for
cooking is inherently dangerous leading to accidents and indoor air
pollution (Fischer et al., 2011, Buyinza and Keppler 2018, Mutumba
et al., 2021). It is at this point that the use of modern biomass and
bioenergy technologies is re-evaluated. An assessment of the
drivers and challenges is carried out with a view of making strategic
recommendations to inform policy basing on quality information.

Second this paper analyses the drivers of biomass energy consumption.
It boldly interrogates why biomass has remained an important
component in Uganda’s energy mix. It further considers how best the
drivers can be pitched to drive sustainable economic growth.

Third is the challenges have been discussed with a view of exhausting
possible strategies to overcome them. The contribution of this paper
therefore is to forge a safe transition from the traditional biomass to
more modern bioenergy alternatives in the energy ladder. An in-depth
analysis of the drivers and barriers of biomass energy have been
explored.

The rest of this paper is organised as status of bioenergy development
in Uganda in section 2, theoretical framework in section 3, section 4 is
materials and methods, Drivers and challenges in section 5 and finally
conclusions.

2. Status of Bioenergy development in Uganda

About 89% of Uganda’s primary energy consumption is traditional
biomass (NDP 2020). Of this firewood constitutes 78.6%, charcoal
5.6% and crop residues 4.7%. Traditional biomass has a low overall
efficiency and harvests a huge amount of fuel wood for a very low
energy value. This is wasteful and would hasten global warming and
adverse climatic change. Modern bioenergy can be harnessed from a
variety of sources. They are used to generate power, their compatibility
for a given conversion technology is what is important for this study.
Modern bioenergy is of greater efficiency and provides relatively higher
energy value per unit compared to traditional biomass consumption.

Biomass for energy generation comes from the following sources:
Wood, including forest residue and shrubs, primary and secondary
mill residues, wood cuttings, and briquettes, fast-growing crops grown
specifically for energy use (fast-growing trees, grasses), energy crop
waste, agricultural and animal residue, and food waste. Biomass is
categorised as renewable energy since above a certain threshold, it
has capacity to regenerate (Abi Bianasari et al., 2024).
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Uganda’s biomass energy potential is 17700MW, while peat and bog is
estimated at 800MW giving a combined 2500MW, however, only 111.7MW
(3.8% of bioenergy potential) biomass cogeneration has been developed.
Uganda’s energy consumption is 45.1 million tonnes of wood per year
against a sustainable yield of 26 million tonnes (Miito and Banadda,
2017). The existing standing stock is 284.1 million tonnes.

Biomass is of critical importance to the Ugandan economy due to the
following stylised facts

i It is renewable and self-replenishing, though not in infinite
quantities, it is still abundant and gained the social acceptance.
It reduces energy dependence issues with over 45 million tons
of fuel wood consumed every year with some 19 million tons in
excess of sustainable consumption rates. It is important to re-
examine the use of biomass energy development alternatives.

ii. It is convenient; obtainable from anywhere with relative ease;
lowering energy security issues (Van Loo and Koppejan, 2008). It
is relatively available, although households now spend more time
looking for firewood, than in the past, but it is still available for use.
Hence promoting convience.

iii. Helps reduce Balance of payment (BOP) deficits due to low energy
imports, Uganda has made a maiden investment in modern energy
and if it resorted to importing then BOP deficit would be too high
(Payne, 2011). Uganda’s energy trade balance deficit is kept small
due to use of biomass energy consumption (BEC).

iv.  Contributing employment and improving livelihoods. Coppicing
wood fuel and gathering biowaste is labor intensive (Hoekman,
2009).

v.  Bioenergy is convertible into solid, liquid, gas and these resources
can be used in electricity cogeneration and heating (Demirbas,
2008). With appropriate bio refineries, it is the most diversified
electricity source

vi. Contribution to the environmental good by mitigating carbon
dioxide emissions (CO2); (Bilgili, 2012). Bioelectricity is clean with
a small amount of carbon dioxide emission. Emphasis should be
on modernising biomass energy for better environmental quality.

vii. Promoting energy security goals, a goal that Uganda is reluctant
to pursue largely due to a complex energy system (Bilgili and
Ozturk, 2015; Kumar et al., 2003, Mutumba et al., 2022).

Biomass can use a combined heat power (CHP) which is considered an
upto date mature source of incomes forhouseholds (Lackner et al., 2024).
The likely switching to kerosene and LPG is strictly hindered not only
by the costs of acquiring the technology to use these alternatives, but
also the price volatility of these fuels. The socioeconomic status of most
households makes biomass convenient and cheap. They also combustion
technology coppiced wood (Poplar and straw) can be used as a fuel for
gasification process. A biomass CHP plant is considered to have 9MWe
with an electricity conversion efficiency of 30% (Karaskota et al., 2013).

3.0 Theoretical framework

This study is guided by the energy stacking hypothesis (Kowsari and
Zerriff 2011). According to this model households don’t entirely abandon
the traditional energy alternatives when their incomes increase. They
adopt newer and modern alternatives while sticking to the traditional ones
hence the stacking effect (Mutumba et al., 2024). The switching from one
fuel source to another is not done perfectly which results into multiple
fuel use. This therefore means it is not possible to entirely substitute the
traditional biomass entirely (Masera et al., 2000).

The household that sticks to the using multiple energy sources along the
energy ladder have been bound in social cultural attributes within the
community in which they live. The existing stoves and the convenience of
use (Foley et al., 2024). They are readily available for instance the three
stone stove is flexible and could be mounted easily and cheaply in any
space to allow cooking.




Significant economic progress is believed to diffuse energy stacking
(Kang et al, 2019). This therefore means household incomes as well
as energy prices will feed into the speed of transition. Where incomes
grow and energy prices are constant transition can go on. While
increasing household incomes and declining real energy prices cause
energy transition and welfare gains. Biomass energy in Uganda is
becoming tradable with distinct charcoal and even firewood markets.
The fungibility of these commodities causes more energy stacking
as the prices of these items are often increasing. The real incomes
are static if not decreasing, this perpetuates energy stacking hence a
stumbling block to energy transition.

The alternatives available to biomass include kerosene, Liquefied
Petroleum Gas (LPG) and electricity as energy alternatives so as use
technologies that are user friendly and simple. Kerosene is itself not
a sound replacement for biomass because of the inherent risk of its
use and price volatility of this fossil fuel. This therefore leaves the poor
households trapped in the energy poverty net. LPG is fairly unknown to
many households, many are conservative to their socio cultural norms,
they remain stuck to the use of three stone and charcoal stoves that
they are accustomed to (Olaniyan 2024).

4.0 Materials and Methods

Qualitative research procedure were handy in gathering information for
this paper (Merriam 2002, Mutumba et al., 2021a). It mainly concerned
a review of relevant documents and empirical literature. The literature
associated with biomass energy development with aspects of drivers
and barriers of biomass energy.

Empirical literature was triangulated from varying sources of archival
information (Kzillen & Jarrett 2007). Data from diverse digital sources
such as journal articles, conference papers were compared with
different sources (O’leary, Z. 2017).

This information was gathered in various themes. Information from
documents were observed from a number of sources to establish their
validity and attain a higher level of truths. Information profiled was then
summarised and sequenced to derive greater meaning.

5.0 Drivers and Barriers of Biomass energy
5.1 Drivers of Bioenergy development in Uganda.

With the growing energy demand arising out of rapidly increasing
population, there has been a need to find alternative sources of
energy in Uganda which can meet this need yet at the same time
clean, efficient, reliable and affordable. As such, bioenergy has been
considered the best fit that could cover this unprecedented energy
demand as well as soothing socio-economic activities in the country.
Consequently, the following sub-section presents the main drivers for
development of this renewable energy resource in Uganda for various
applications in Uganda. The amount of energy that can be produced
by a bio power system depends on several determinants, including
the type of biomass, the energy conversion technology employed
(technical factors) and economic factors. Bio power systems can be
sized to supply internal energy needs only or sized larger to feed
energy to the grid for sale.

5.1.1 The desire to increase energy Security

This desire to step up the country’s overall electricity security from all
available sources. The electricity supply capacity is planned to rise from
822 MW (in 2012) to 52,400 MW over the long term as enshrined in the
national development plan IV. Electricity consumption per capita which
is currently 215kWh/year (2020) to increase to 3668 kWh/year in 2040
(GoU-V2040). The proposed distribution of installed capacity of power
generation in Uganda in 2040 is shown in Table 1. As shown in this
table, overall, renewable energy resources (hydropower, geothermal,
bio energy and biomass) are expected to contribute 30.4% to national
grid in 2040.
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Furthermore, in can be deduced from the same table that, biomass
and peat energy resource is expected to provide about 6% of the
Uganda’s installed power capacity by 2040 and 13.4% of renewable-
based power capacity. However, the current installed capacity biomass
energy-based power is 5.7% of 1700 MW target by 2040. To meet the
government’s target, therefore, there is great opportunity to investment
and development bio energy resource by individual as well as private and
public organizations in this country.

Table 1: Present and future cumulative power generation in Uganda.

Source of energy Current installed capacity Proposed installed capacity

MW), 2024 (MW), 2040**
Hydropower 1770.3 4500
Geothermal energy 0 1500
Solar 64.9 12000
Waste to energy 111.7 1000
Peat energy 0 800
Nuclear 0 24000
Thermal 101.1 1500
Wind 0 200
Co generational 0 1000
Green Hydrogen 0 2500
Gas 0 3400
Total 2048 54400

* ERA, 2024; **Energy Policy (2023)

5.1.2. Energy Demand growth management

Due to increasing population and economic activities, there has been a
surge in electricity demand over time in Uganda in recent years. According
to Ministry of Energy and mineral development strategic development
plan 2024/25 — 2028/2029, electricity demand has been growing at an
average of 7% per year. This growth in demand has led to occasional and
unprecedented load shedding arising from unmatched supply which did
not increase proportionately with the increase in demand.

Furthermore, about 72% of the population is still left out in terms of
access to electricity, and it was noted that, the household sector has
the lowest levels of electricity access in Uganda (MEMD, 2024/25). As
such, with this enormous increase in demand for electricity and supply-
side opportunity, the development of bio energy in Uganda could serve
supplementary role as source of energy for premises with access to grid
electricity and major source of electricity for premises without electricity
access. Otherwise, households and premises with unreliable supply and
lack of electricity may tend to meet their growth in demand with the use
of firewood and charcoal, which are unsustainable sources of energy as
they pose a serious detriment to the environment.

5.1.3 Scaling down CO2 Emission

It is noted that the energy sector accounts for over two-thirds of the total
global greenhouse gas (GHG) emissions and about 80% contribution of
carbon dioxide (CO2) emissions (IEA, 2018). On this note, the energy
sector should play a vital role in any efforts to scale down emissions
and mitigate climate change, thereby achieving SDG 13. According to
Relief Web (2019) it was observed that one of the main barriers facing
Uganda and indeed limiting its ability to achieve the nationally determined
contribution (NDC) is high greenhouse gas emissions emanating from
unsustainable agricultural practices such as burning of the bushes, use
of fertilizers and deforestation. Furthermore, other sectors contributing to
GHG inventory include transportation, industrial activities, domestic and
commercial dependence on charcoal and firewood consumption. More
so, the Second National Communication (SNC) in 2010 projected that by
2035, the transport sector would be the largest driver of growth in energy
sector emissions, followed by residential, then manufacturing and finally
construction (Grantham Research Institute on climate change, 2015).

Relatedly, the energy sector of Uganda is dominated by use of biomass
inform of fuel wood, charcoal and agricultural residues, contributing 89%
to national primary energy mix by mid-2024. (National Energy Policy,
2023).




Thus, the desire to safeguard the environment and control emissions
in Uganda calls for the application and development of bio energy
technologies as a renewable source. Bioenergy could be used in
powering vehicles like the recently unveiled Kira Motors’ electric buses
known as Kayoola buses in Uganda. These buses would use bio
energy instead of fossil fuels which are detrimental to the environment.
In addition, in agro-processing industries such as tea processing
industries, bio energy could be used for drying tea instead of using
firewood. In nutshell, use of bio energy conversion systems would go a
long way in mitigating against continuous increasing in GHG emissions
in Uganda.

5.1.4 Establishment of the Energy Sector Reforms

In 2023, the Government of Uganda approved the Uganda Electricity
company (Power sub-sector reform). This reform was aimed at merging
the three electricity companies to form a government parastatal. This
would ensure provision of sufficient, consistent, and cost-effective
power supply in Uganda to meet the increasing energy demand, as
well as promote efficient operations of the power sector with the aim of
driving energy access. Additionally, the reform provided opportunities
for private organizations, businesses and individuals to invest and
contribute electrical power generation in the country. As a result,
Uganda has seen a number of private investors penetrate the bio
energy market, such as G-tech Energy Solutions, Konserve Advisory
Services Ltd, Bio Point Uganda, Kishen Enterprises (U) Ltd, Nughasa
Power Solutions, JK-Energies Ltd, Makambo Technical Services Ltd,
Power Trust Uganda Limited and UltraTec (U) Ltd.

Additionally, the reform paved way for the initiation of the Renewable
Energy Policy, which drive the application and development renewable
energy resources (such as bio energy, geothermal and clean biomass
energy products (biodiesel, biogas and cogeneration power plant
(Kapika and Eberhard 2013). Therefore, as a result of the energy
reform and favorable other related regulations, there are now more
opportunities for different players (from individual, small-scale to large-
scale enterprise in both private and public) to invest in bio energy
development in this country.

5.1.5 Promote Access for Rural Electrification

Bio energy and the associated technologies have proved very successful
in providing energy services to the remote and inaccessible areas of
Uganda, such as on islands and mountainous areas, For instance,
Kalangala District (Island) and the hills of Kigezi, Kabale, Kisoro,
Mbale, Bududa and many other remote places where the national grid
is likely not going to extend its services in the near future because
of the associated costs of grid extension. Thus, applying bio energy
technologies in these islands and mountains would serve as the most
viable option in providing electricity to these locations. Moreover, some
bio energy conversion systems are very portable available in different
modular capacities and are easy to install. For examples, (1) bio PV
modules come in different sizes ranging from 5W to over 300 W; (2) bio
heater technologies come in different sizes; (3) bio kits for charging the
battery and for lighting appears in different sizes and contain number of
plugging outlets. Therefore, individual and organizations can buy and
install these systems, based on their energy need and economic ability.

Furthermore, it is possible combine bio energy technology with other
energy resources to produce hybrid power plant such as bio PV-grid
connected system and bio-diesel (thermal) power plant such as 1.6 MW
Bio-Thermal hybrid power established at Bugala Island, in Kalangala
District. This power plant is supplying electricity to over 40 out of 49
villages on this Island. Consequently, bio energy conversion system
can be used as soothing factor for energy generation and supply in
Uganda. A surge in bio energy development will thus be good source
for expanding the energy mix and growing the share of domestic/
household energy supply in the country, especially in rural communities
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5.1.6 Improve livelihood through job opportunities and
enhancement of economic impacts

The Uganda National Household Survey of 2016/17 carried by Uganda
Bureau of Statistics (UBOS) found out that 13.3% of the Ugandan youths
aged 18-30 years were unemployed. Furthermore, UBOS’s population
projections reports for 2015-2020 indicated that the youth age group
constitutes 23% of the total national population. Therefore, this increased
population coupled with increase rate unemployment among of the
youth could be reduced through developing bio energy and promoting its
use. Bio energy could be used to run clippers in barber shops, driers in
saloons and other equipment. More so, the notable growth in markets for
bio equipment such as the panels, chargers, batteries and so on and the
wide spread of these technologies could lead to the creation of multitude
of jobs in bio energy market supply chain, from the technical aspects
(such as resource assessment, energy audit, design, installation, and
maintenance) to business and market related jobs (such as bio energy
promoters, sales and acquisition managers, sales supervisors, trainers
for remote employees, call centre officers, credit officers and other
relevant energy related job opportunities).

As a result, the youth would be in position to earn some income and
improve on their livelihood as well as reduction in criminal activities among
the youths. Therefore, promoting bio energy technologies in Uganda will
play critical role in scaling down poverty levels as local communities will
more likely benefit from employment opportunities, acquisition of various
skills, investment prospects and transfer of technology. Subsequently,
investing in bio energy application will help create enormous employment
opportunities for the youth in Uganda. In a survey by UNEP (2014) on light
and livelihoods it was noted “lack of energy after dark can inhibit people’s
opportunities for earning income by cutting the productive day short due
to insufficient or unreliable light”. Accordingly, bio energy could spur
income generation as a result of increased time available for productive
work. Job opportunities and potential of bio energy development have
been observed in many countries. For instance, IRENA (2019) reported
that bio PV and bio heating/cooling development provided 3.6 million and
0.8 million jobs globally, respectively in 2018.

5.1. 7. Feed-in-Tariffs

The high electricity prices due to grid extension costs have also paved
way for the development and application of bio PV. In order to reinforce
the development and application of bio energy sources, the Government
of Uganda, like other countries, established Feed in Tariff (FiT) structure
as a policy tool designed to stimulate investment in the renewable energy
sources. FiT usually implies promising small-scale producers of energy
such as bio an above-market price for what they deliver to the grid. In
Uganda, the current FiT (Phase 4) is applicable to hydro power, bagasse
and bio PV power projects, with installed capacity ranging from 0.5MW to
20 MW. For Bio PV, the initial FiT was fixed as US$ 0.11/kWh for projects,
which are licensed between 2016 and 2018 (ERA-FiT-Il, 2013).

Due to commercial maturity of this technology, the current FiT is now
US$0.071/kWh for project licensed from 2019 to 2021 (ERA-FiT-1V, 2019).
As shown in Table 1, the introduction of FiT has resulted in established
of four bio PV power plants with total installed capacity of 50 MW and
they are contracted for 20 years each on US$0.11/kWh. Unlike previous
phases (I — Ill), where FiT covered all feasible renewable technologies in
Uganda, it should be mentioned that in Phase 4, small hydro power plant
up to 20MW and bagasse power generation are considered as priority
renewable technologies in Uganda. This is reflected in lower FiT for bio
PV when compared with these priority renewable technologies (as shown
in Table 3).




5.2 Constraints to Bioenergy development in Uganda

Despite the drivers or benefits of bio energy development for individual,
private and public in Uganda, as discussed in Section 3, there are a
couple of issues that are limiting this development. Some of these
issues or barriers are carefully presented in the following sub-sections.

5.2.1 Huge Initial Investment Cost

On average, over 10 million (or about 28% of the population) of
Ugandans are living on less than US$1.90 per day (UNHS, 2017). On
small-scale or rural households level, investing in the various bioenergy
technologies components such as; biogas digester. This implies that
there is generally low disposable income among the population yet
investing in these technologies require substantial amounts.

5.2.2 Lack of information and public awareness

The slow development of modern biomass energy technologies in
most parts of the developing world has been attributed to the lack
of information and limited public awareness (Adebayo et al. 2018;
Mustapa et al. 2010; Peidong et al. 2009). Additionally, Adebayo et
al. (2018) highlighted that, some Ugandans have limited knowledge
about bioenergy as well as the associated environmental and socio-
economic benefits. Moreover, many Ugandans are aware of the
convenience associated with the use of traditional biomass, yet limited
awareness of modern bioenergy technologies which has constrained
modern bioenergy energy prospects (Murphy et al. 2014). Additionally,
Consumer education has been stressed as one of the top challenges
facing the diffusion of bioenergy systems in rural areas in Kenya and the
rest of Africa (Asamoah, 2013).

5.2.3 Lack of human capacity & training

Availability of trained professional to work and maintain bioenergy
equipment is crucial for a successful disposition and development of
bioenergy projects in Uganda. Furthermore, the development of modern
bioenergy technologies calls for special skills in the areas engineering
(bio systems, process and energy), physics and energy economics and
governance, as well as business management and project planning and
development (Wilkins, 2010). Nevertheless, capacity building in form of
training on the use and development of such technologies is crucial for
the enhancement of the varied skills of the different groups of people.
As such, both users and non-users should be trained on how this
resource could be tapped into and used. There is a lot of ignorance by
the populace about the various uses of modern bioenergy. Ugandans
require a platform where they can get technical and engineering training
especially the artisans but also create an avenue for them to access
spare parts which can be used in their training.

5.2.4 Inadequate Attention to Research and
Development

Presently, there is limited research effort by the government of Uganda
in the subject area. The government has done little in encouraging
innovations in the area of developing bio energy technologies, and
to be precise there is no any visible effort by the government to fund
universities and other institutions of higher learning to conduct research
on how to develop bio energy technologies (Painuly, 2001). Notably,
there is no well noticeable bioenergy research and development program
that is reinforced with government funding. Additionally, there are clear
working systems that could foster quality international research and
some collaborations that can speed up skills and technological transfer.

More so, the development of modern bioenergy technologies has
been limited by the laxity on the government of Uganda to provide an
enabling supportive environment. As a consequence, the local technical
knowledge regarding these products is insufficient and, hence,
associated technologies are imported expensively.
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Nonetheless, with a local skilled and semi- skilled workforce, Uganda
could draw closer to the attainment of a sustainable Renewable
Energy industry in the near future. This suggests that scholars from
multidisciplinary backgrounds and research institutions are needed to
champion the research and development activities in the country in the
area of renewable energy and specifically bioenergy technologies.

5.2.5 The Effect of Covid-19 pandemic

Covid-19 is having an exclusively negative impact on the renewable
sector. One of the main problems relates to the importation and
distribution of equipment to power plants. Moreover, China, which is
among the countries most heavily affected by the corona virus, is the
main global producer of many clean energy technologies. Since corona
virus has delayed deliveries from China, renewable energy companies are
unable to comply with deadlines for equipment installation. For instance,
in India alone 3,000 MW of bio and wind energy projects face delays,
due to the corona lockdown. BYD Co Ltd (China), the world’s leading
producer of rechargeable batteries, was unable to complete tests of new
models of rechargeable batteries due to the pandemic, and this has led
to a reduction in the delivery volumes of rechargeable batteries for the
European market and the rest of the world, Uganda inclusive (IRENA,
2020; Distribution system operators’ response, 2020). The importation of
renewable energy technologies during COVID- 19 period became difficult
and the locals resorted to use of traditional biomass.

5.2.6 Socio cultural barrier

Most households use three stone fire and charcoal stoves for cooking.
They have been accustomed to this for generations. There are behavioural
attributes that these households are attached to and do not change easily.
Therefore effort needs to be undertaken to cause a shift to modern and
sustainable cooking options. The switching from traditional biomass to
clean energy options must therefore be guided by clear and well guided
policy decisions that are able to overcome the energy stacking effect.

5.3 Suggested Measures and Policy Recommendations

This section addresses the various policy interventions that may be
adopted to help in overcoming the barriers identified and thus stimulate
bioenergy application and development in Uganda. We now discuss the
suggested potential policies and measures for bioenergy application in
Uganda.

5.3.1 Energy Subsidy Transfer and Cost Reduction
Measures

The government of Uganda may undertake an energy subsidy transfer
to use of modern bioenergy technologies. More so undertaking this
measure will go a long way in bridging the competitive gap that exists
between renewable energy technologies such as bio energy technologies
and fossil fuels (COMSATS; 2005). Moreover, instead of subsidizing
kerosene, the government of Uganda should consider channelling its
subsidies to bioenergy and bio electricity because they provide a cleaner
and more efficient source of energy. Bioenergy technology is a clean
source of energy provided to the end user at a lower cost.

5.3.2 Favorable Feed-in-Tariffs Policies (FiTs)

Decreasing FiT for bioenergy could discourage potential investors
in Uganda. As such, according to FiT-phase 4, bioelectricity should
be included in priority technologies for FiT. This withstanding, there
is a need for this policy to be appropriately manned with the intent of
inviting potential investors and at the same time their activities should be
closely examined. Nonetheless, the government should appoint skilled
personnel charged with the responsibility of handling the process of
renewable energy feed-in-tariffs. Notably, satisfactory policies are prime
requirements for the lasting sustainable bioenergy development.




Consequently, ensuring that regulations are put in place and enforced
is critical in building assurance to the prospective investors in
bioenergy that the set regulations will remain stable, unambiguous and
enforceable, thus stimulating future stability of the investments. Biomass
cogeneration has a feed-in-tariff of US$ 0.0087, as such, the would-be
investors may be induced to inject money into bioenergy sub sector.
On the other hand, Renewable Energy FiTs in Uganda could serve as
an invaluable policy means of growing bioenergy technology utilization,
just like FiTs have been efficiently involved in numerous advanced,
emerging and developing countries (DeMartino and Le Blanc, 2010).

5.3.3 Stimulation of ICT awareness

Information and communication technology (ICT) plays a fundamental
role in rapid economic growth, productive capacity improvements,
education, government and many others. Previously we noted that a
need to create awareness and as well as capacity building. However,
this may not be possible during this period of Covid 19 pandemic where
most countries are in total lockdown. Capacity building can be achieved
through the use of ICT. There is a need for the creation of online trainings
on the use of bioenergy systems. This will go a stride in promoting
numerous experiences in the areas of installation, operation and repairs
of bio energy technology schemes and avail the information connected
to bioenergy incentives and technologies and most importantly the policy
framework for renewable Energy’s as well as the application of these
renewable energy equipment for modest investors in a timely manner.
Additionally, the collection of such information from google, google
scholar, Elsevier, Emerald insight and other sources could create an
important window for learning more about the different biotechnologies
thereby permitting workers to develop and become accustomed to
bioenergy technologies for specific environmental settings.

5.3.4 Establishment of strong Quality Standards for
Bio Energy Components.

There is a need for regularizing manufacturing processes in order to
reinforce small and medium bioenergy industries in Uganda. Relatedly,
there is urgency for the regulators such as Uganda National Bureau
of Standards (UNBS) and other agencies of the government to come
up with strict guidelines regarding the standard of bioenergy equipment
that are imported and sold to citizens. UNBS should strictly administer
suitable manufacturing standards and equipment specifications. The
government of Uganda in the bid to strengthen enforcement of quality
standards for bioenergy technologies developed renewable energy
policy instruments, what remains unclear is how to create incentives that
will induce local companies to assemble bio energy devices. Equally,
to ensure sustainability of supply of these bio energy equipment, the
government should encourage domestic manufacturers to be more
innovative and start designing and producing these technologies in the
country rather than continuing to import them. Additionally, the outbreak
of Covid-19 pandemic should also act as stimulus to create more
awareness for the government to begin encouraging local producers to
become more innovative than relying on imports all the time.

6. Conclusions and Recommendations

Over the years, Uganda has been hustling to disentangle its energy
insufficiency problems. The country has been marred with increasing
demand for energy resources but with a constraint on supply. This
withstanding, Uganda is endowed with huge amounts of standing
biomass stock in the country could meet all the citizens’ energy needs if
this resource alone is well developed. Nonetheless, the development of
bioenergy systems in Uganda is affected by a number of obstacles such
as; informational (in terms of knowledge and awareness), economic,
institutional, social, and technical barriers. In an attempt to overcome
these barriers, the government developed a multitude of policies.
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These policies were intended towards enriching renewable energy
technology deployment in the country. Nevertheless, a lot of policy
challenges still prevail and so need timely redress. In another tone, these
policies should work together in an integrated manner if the country is to
attain the full potential of sustainable energy consistent with goal 7 of the
United Nations Sustainable Development Goals.

Accordingly, this paper have attempts to provide a critical review of
bioenergy application and development in the Ugandan setting. It points
out the current bioenergy status in Uganda as well as the drivers, barriers
and some policy interventions that could be utilized to scale down the
challenges and barriers observed.

Finally, these policy interventions should be positioned on bridging the
competitive gap between bioenergy application and fossil fuels through
interventions such as establishing effective feed-in tariffs, energy subsidy
transfers, and putting into consideration both the negative and positive
excesses to externalities. Clearly, raising the enthusiasm of bioenergy is
not sufficient enough; disagreements such as poor infrastructure, limited
access to suitable funding and appropriate bio system technologies need
to be addressed in order to attain full potential from its development. As
such, once the main challenge of induced growth in bioenergy technology
is done, then market diffusion will eventually follow suit. Consequently,
the path towards the attainment of sustainable development goal (SDG7)
of the United Nations, i.e. sustainable energy which is also affordable is
not an easy thing to achieve yet at the same time there must be away
out. The government should therefore devote all its effort on sustainability
of bioenergy and the benefits that are likely to emerge from the use of
these technologies on the triple bottom line, i.e. economic dimension,
environmental, and social dimensions. All in all, investment in bioenergy
technologies in Uganda today will go a long way in securing sustainable
energy which is clean, affordable and efficient for the indefinite future.

For further study, more research needs to be undertaken on the slow
adoption of modern biomass consumption despite a lower feed in tariff for
biomass cogeneration and the possibility of selling this to the main grid.
It is still unclear why household still rely on traditional biomass to such a
big extent.

References

Abi Bianasari, A., Khaled, M. S., Hoang, T. D., Reza, M. S., Bakar, M. S. A, & Azad, A. K.
(2024). Influence of combined catalysts on the catalytic pyrolysis process of biomass: A
systematic literature review. Energy Conversion and Management, 309, 118437.

Adaramola MS. Solar Energy application, economics, and public perception, Apple
Academic Press, Inc 2015.

Afrane, S., Ampah, J. D., Jinjuan, Z., Yang, P., Chen, J. L., & Mao, G. (2024). Deployment of
carbon removal technologies could reduce the rapid and potentially disruptive pace of
decarbonization in South Africa’s climate ambitions. Journal of Cleaner Production, 464,
142753,

Asamoah N. Catalyzing Markets for Modem Lighting. GVEP ESME GRANTS. Lighting
Africa: www.lighting Africa.com 2013.

Azar C, Lindgren K, Larson E, & Mdllersten K. Carbon capture and storage from fossil fuels
and biomass—costs and potential role in stabilizing the atmosphere. Climatic change, 2006;
74(1), 47-79.

Banerjee A. Panel Data Unit Roots and Cointegration: An Overview. Oxford Bulletin of
Economics and Statistics 1999; 61 (S1): 607-629. doi:10.1111/1468-0084.61.51.12.

Bildirici M, & Ersin O. An Investigation of the Relationship between the Biomass Energy
Consumption, Economic Growth and Qil Prices. 4th International Conference on
Leadership, Technology, Innovation and Business Management. Procedia - Social and
Behavioral Sciences 2015; 210 203 - 212.




Bilgili M, Ozbek A, Sahin B, Kahraman A. An overview of renewable electric power
capacity and progress in new technologies in the world. Renew. - Sustain. Energy Rev.
2015; 49, 323-334.

Buyinza F, & Kapeller J. Household Electrification and Education Outcomes: Panel
Evidence from Uganda, 2018; ICAE Working Paper Series, No. 85, Johannes Kepler
University Linz, Institute for Comprehensive Analysis of the Economy (ICAE), Linz
http://hdl.handle.net/10419/193624.

Effoduh, J. O. (2024). Africa’s Energy Poverty in An Artificial Intelligence (Al) World: Struggle
for Sustainable Development Goal 7. Journal of Sustainable Development Law and
Policy (The), 15(3), 32-63.

Eksi G, Karaosmanoglu F. Combined Solar heat and solar power: A technology review
and an assessment for Turkey. Renew. Sustain. Energy Rev. 2017; 73, 1313-1332.

Eleri A, and Eleri EO. Rethinking biomass energy in Sub-Sahara Africa. In: Prospects for
Africa-Europe’S Policies. VENRO (Association of German Development NGOs),
German NGO Forum on Environment and Development and ICEED (International
Centre for Energy, Environment and Development, Bonn, 2009; 20.

Fashina A, Mundu M, Akiyode O, Abdullah L, Sanni D, and Ounyesiga L. The Drivers and
Barriers of Renewable Energy Applications and Development in Uganda: A Review
2018.

Fischer R, Lopez J, & Suh S. Barriers and Drivers to Renewable Energy Investment in
Sub-Saharan Africa.Journal of Environmental investing 2011; 2 (1) 54-80

Foley, G., Moss, P., & Timberlake, L. (2024). Stoves and trees: how much wood would a
woodstove save if a woodstove could save wood?. Taylor & Francis.

Gao J & Zhang L. Does biomass energy consumption mitigate CO2 emissions? The role of
economic growth and urbanization: evidence from developing Asia, Journal of the

Asia Pacific Economy, 2021, 26:1, 96-115, DOI: 10.1080/13547860.2020.1717902
https://doi.org/10.1080/13547860.2020.1717902

Hansen, UE, Pedersen MB Nygaard I. Review of Bio PV Market Development in
East Africa; UNEP Risg Centre, Technical University of Denmark: Kongens Lyngby,
Denmark  2014.

Hermann S, Miketa A and Fichaux N. Estimating the Renewable Energy Potential in Africa. A
GIS-based approach, IRENA-KTH working paper, International Renewable Energy
Agency (IRENA), Abu Dahbi, UAE, June, 2014; pp 73.

International Energy Agency. Global Energy & CO2 Status Report 2019, IEA, Paris
https://www.iea.org/reports /global-energy-CO2-status-report-2019

IRENA Renewable capacity statistics 2019, International Renewable Energy Agency
(IRENA), Abu Dhabi 2019.

IRENA Global Renewables outlook Energy transformation 2050 2020.

Kamese G. Renewable Energy Technologies in Uganda: The Potential for Geothermal
Energy; a Country Study Report under the AFREPREN/HBF Study; Heinrich Boell
Foundation: Berlin, Germany 2004.

Kang SH, Islam F, & Tiwari AK. The dynamic relationships among CO2 emissions,
renewable and non-renewable energy sources, and economic growth in India: Evidence from
time-varying Bayesian VAR model. Structural Change and Economic Dynamics, 2019; 50,
90-101.

Kapika J, Eberhard A. Power-Sector Reformand ~ Regulation in Africa: Lessons from
Kenya, Tanzania, Uganda, Zambia, Namibia and Ghana; HSRC Press: Cape Town, South
Africa 2013.

Karakosta C, Pappas C, Marinakis V, & Psarras J. Renewable energy and nuclear

power towards sustainable development: Characteristics and prospects. Renewable and
Sustainable Energy Reviews 2013; 22 187-197

Kaunda CS, Kimambo CZ Nielsen TK. Potential of small-scale hydropower for
electricity generation in Sub-Saharan Africa. ISRN Renew. Energy, 2012; 132606.

Page 7 of 8 . ww.w.ndejjeuniversity

Khaeso, K., Sukhuna, B., Katekaew, S., Junsiri, C., Monatrakul, W., Srichat, A., ... & Laloon, K.
(2024). Sustainable conversion of agricultural waste into solid fuel (Charcoal) via gasification
and pyrolysis treatment. Energy Conversion and Management: X, 24, 100693.

Koroma, J. M., & Fofanah, M. S. Impact of Charcoal Production on Forest Loss: Case Study
of BO, Moyamba, Port Loko and Tonkolili Districts in Sierra Leone.

Kowsari R, Zerriffi H. Three dimensional energy profile: a conceptual framework for
assessing household energy use. Energy Policy 2011; 39 (12), 7505-7517.

Kumar A, Bhattacharya SC, & Pham HL. Greenhouse gas mitigation potential of
biomass energy technologies in Vietnam using the long range energy alternative planning
system model. Energy, 2003; 28(7), 627-654.

Kzillen M, & Jarrett N. Qualitative data analysis: an introduction 2007.

Komen J. Africa Rising’ to a Sustainable Future: Economic Prospects of Bio-Economy
Development in Eastern Africa; ILRI: Nairobi, Kenya. 2016. Available online: https://
cgspace.cgiar.org/bitstream/handle/10568/77281/chapter_2.pdf.Sequence=1 (accessed on
7 April 2020).

Lackner, M., Fei, Q., Guo, S., Yang, N., Guan, X., & Hu, P. (2024). Biomass Gasification as a
Scalable, Green Route to Combined Heat and Power (CHP) and Synthesis Gas for Materials:
AReview. Fuels, 5(4), 625-649.

LeTreut H. Greenhouse gases, aerosols and reducing future climate uncertainties. Surv.
Geophys. 2012; 33, 723-731.

Luckow P, Wise MA, Dooley JJ, & Kim SH. Large-scale utilization of biomass energy and
carbon dioxide capture and storage in the transport and electricity sectors under

stringent CO2 concentration limit scenarios. International Journal of Greenhouse Gas
Control, 2010; 4(5), 865-877.

Martinot E, Chaurey A, Lew D, Moreira JR, Wamukonya N. Renewable energy
markets in  developing countries. Annu. Rev. Energy Environ. 2002; 27, 309-348.

Masera OR, Saatkamp BD, Kammen, DM. From Linear Fuel Switching to Multiple
Cooking Strategies: A Critique and Alternative to the Energy Ladder Model. World
Development 2000; 28 (12) 2083-2103.

Mashhadi, A. J., Gonzélez, M. C. G., & Issa-Zadeh, S. B. The Contribution of Biomass Energy
on Urban Sustainable Development: Opportunities and Challenges.

Merriam, S. B. Introduction to qualitative research. Qualitative research in practice: Examples
for discussion and analysis, 2002 1(1), 1-17.

Michael Boxwell Bio Electricity Handbook 2017 Edition. A simple, Practical guide to
bio energy: how to design and install photovoltaic bio electric systems. Published by
Green stream Publishing Ltd. 2017; ISBN 978-1-907670-67-1.

Miito GJ and Banadda NA. Short review on the potential of coffee husk gasification for
sustainable energy in Uganda 2017; F1000Research 6:1809

Mohammed YS, Mustafa MW, Bashir N. Status of renewable energy consumption and
developmental challenges in Sub-Sahara Africa. Renew. Sustain. Energy Rev. 2013 27,
453-463.

Murphy PM, Twaha S, and Murphy IS. Analysis of the cost of reliable electricity: A new
method for analyzing grid connected bio, diesel and hybrid distributed electricity systems
considering an unreliable electric grid, with examples in Uganda. Energy 2014; 66, 523-
534,

Mustapa S, Peng LY, and Hashim AH. Issues and challenges of renewable energy
development: A Malaysian experience. In Proceedings of the 2010 International Conference
on Energy and Sustainable Development: Issues and Strategies (ESD), Chiang

Mai, Thailand, 2-4 June 2010; IEEE: Piscataway, NJ, USA, pp. 1-6.

Mutumba GS, Echegu S and Adaramola MS. Prospects and Challenges of ~ Geothermal
Energy in Uganda. Journal of Energy Research and Reviews 2021; 9(2) 47-58. DOI:
10.9734/JENRR/2021/v9i230230




Mutumba GS, Odongo T, Okurut NF, and BagireV . Renewable and Non-renewable energy
consumption and economic growth in Uganda. Springer Business and Economics 2022; 2(63)
1-28 DOI: 10.1007/5435546-022-00220-7.

Mutumba, G. S., Twinamasiko, E., Kifanta, S., Lule, S., & Erugu, E. (2024). Barriers and
Opportunities in Hamessing Geothermal Energy: A Case Study of East Africa.

Norton Rose Fulbright (NRFC). Investing in the Electricity Sector in Uganda; Norton Rose
Fulbright (NRFC): Hong Kong, China, February 2015.

Olaniyan, A. S. (2024). Cut a Tree, Cut a Man: Charcoal Production as a Bane to Green
Economy in Nigeria. Digital Social Sciences, 1(1).

O'leary Z. The essential guide to doing your research project. Sage 2017.
Othieno H, Awange J. Global Energy Perspective. In Energy Resources in Africa;
Springer: Cham, Switzerland, 2016; pp. 1-32.

Painuly JP. Barriers to renewable energy penetration; a framework for analysis. Renew.
Energy, 2001; 24, 73-89.

Parthasarathi A. Priorities in science and technology for development: Need for major
restructuring. Curr. Sci. 2002; 82, 1211-1219.

Patterson MG. What is energy efficiency? Concepts, indicators and methodological issues.
Energy Policy, 1996; 24, 377-390.

Pedersen MB. Deconstructing the concept of renewable energy-based mini-grids for rural
electrification in East Africa. Wiley Interdisciplinary. Reviews Energy Environ. 2016;
5,570-587.

Peidong Z, Yanli Y, Yonghong Z, Lisheng W, Xinrong L. Opportunities and challenges for
renewable energy policy in China. Renew. Sustain. Energy Rev. 2009; 13, 439
449.

Pierson P. When effect becomes cause: Policy feedback and political change. World Polit.
1993; 45, 595-628.

Rabah KV. Integrated solar energy systems for rural electrification in Kenya. Renew.
Energy 2005; 30, 23—42.

Raisch V. Financial assessment of mini-grids based on renewable energies in the

context of the Ugandan energy market. Energy Procedia, 2016; 93, 174-182.

Ramli MA, Twaha S. Analysis of renewable energy feed-in tariffs in selected regions of the
globe: Lessons for Saudi Arabia. Renew. Sustain. ~ Energy Rev. 2015 45, 649—

661.

Renewable Energy & Energy Efficiency Partnership. Renewable Energy Potential in Uganda.
Available online: http:/Mww.afribiz.info. (Accessed on 2 May 2020).

Rotberg IR. China into Africa: Trade, Aid, and Influence; Brookings Institution Press:
Washington, DC, USA, Ed (2008).

Sliper, N. J. (2024). Energy Utilization and Conversion in Modern Biomass Conversion
Technologies. Journal of Computational Intelligence in Materials Science, 2, 001-011.

Suberu MY, Mustafa MW, Bashir N, Muhamad NA, Mokhtar AS. Power sector renewable
energy integration for expanding access to electricity in sub-Saharan Africa. Renew. Sustain.
Energy Rev. 2017; 25, 630-642.

Szabo S, Bodis K, Huld T, and Moner-Girona M. Energy solutions in rural Africa:
Mapping electrification costs of distributed Solar and diesel generation versus grid
extension. Environ. Res. Lett. 2011 6, 034002.

Twaha S, Ramli MA, Murphy PM Mukhtiar MU, Nsamba HK. Renewable based distributed
generation in Uganda: Resource potential and status of exploitation. Renew. Sustain. Energy
Rev. 2016; 57, 786-798.

Twidell J and Weir T. Renewable Energy Resources; Routledge: Abingdon, UK. UNEP.
(2014). Light and Livelihood: A bright outlook for employment in the transition from Fuel-
Based Lighting to Electrical Alternatives. (Online) Geneva: United Nations Environmental
Programme 2015.

Page 8 of 8 . ww.w.ndejjeuniversity

Van Dijk AL, Beurskens LWM, Boots MG, Kaal MBT, De Lange TJ, Van Sambeek EJW
Uyterlinde MA. Renewable Energy Policies and Market Developments; ECN: Petten,
The Netherlands 2003.

Van Loo TLS, & Koppejan J. Biomass ash characteristics and behaviour in combustion
systems. 2008; UPDATE, 4, 4.

Vaughan EJ, Vaughan T. Fundamentals of Risk and Insurance; John Wiley & Sons:
Hoboken, NJ, USA 2007.

Verbruggen A, Fischedick M, Moomaw W, Weir T, Nadai A, Nilsson LJ, Nyboer J,
Sathaye, J. Renewable energy costs, potentials, barriers: Conceptual issues. Energy Policy
2010; 38, 850-861.

\Volk, T. A., Spinelli, R., Eisenbies, M., Clark, R., Emerson, R. M., Frank, J., ... & Webb, E.
(2024). Harvesting Systems for Short Rotation Coppice Crops Influence Cost, Performance,
and Biomass Quality. In Handbook of Biorefinery Research and  Technology: Biomass
Logistics to Saccharification (pp. 51-82). Dordrecht: Springer Netherlands.

Wilkins G Technology Transfer for Renewable Energy; Taylor & Francis: Abingdon, UK 2010.
Wodon Q, Ninan E, Mulindwa |, Rakotomalala M, Tsimpo C, Uganda Note 2016.
WWW.era.or.ug

www.bionow.eu

Zomers A. Remote access: Context, challenges, and obstacles in rural electrification. IEEE
Power Energy Mag. 2014 12, 26-34.




