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Abstract 
 
The availability of energy is an important determinant factor in Uganda's 
economic development, and measures for developing sustainable energy supply 
and managing demand need to be planned and implemented in order to prevent 
energy bottlenecks from restraining economic recovery. 
The main objective of the project was to review the status and potential of 
power generation technologies in Uganda. Specific objectives of the 
project were; to identify the available energy resources in Jinja town, to 
determine the different power generation technologies used, to design an energy 
system for Jinja town and then describe the energy system model, to create a 
model able to calculate energy demand on an hourly basis, to determine the 
maximum needed capacity for electricity and heat (peaks), to estimate the costs 
of the services provided by the system. 
 
The methodology included making a literature survey of the different energy 
resources and the different power generation techniques, data collection of the 
different energy resources and power generation technologies being used, their 
costs per units, then data analysis and evaluation of the existing technologies by 
use of Homer software an optimized model, discussion of results; identification 
and recommendations of possible improvements. This report shows that 
renewable energy fraction can be increased albeit at a relatively high initial cost 
but with minimal or no future cost to be incurred once an optimal system is 
implemented.  
 
The expected results of the project included; determining the available and most 
suitable energy resources that can be used in power generation, identification of 
the power generation technologies being used, design of a hybrid energy system 
for Jinja town, Estimation of costs of the services provided by the energy system, 
determining and recommending from evaluation the appropriate power 
generation technologies to be used in the hybrid energy system. This information 
can be used by planners and technical advisors in the major energy Institutions. 
 
With the implementation of relatively low cost power generation techniques 
especially from the renewable energy resources, there can be an increase in the 
sustainable energy consumption as well as reduced environmental hazards. 
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CHAPTER ONE 
 
1.0 Introduction 
Power generating technologies are those technologies used in the processes of 
electricity production from energy sources. These sources include renewable 
energy and non-renewable energy resources. Renewable energies are the 
energy flows that occur naturally and repeatedly in the environment and can be 
harnessed for human benefit. The ultimate sources of most of this energy are the 
sun, gravity, and the earth’s rotation. On the other hand, non renewable energy is 
obtained from static stores of energy that remain bound unless released by 
human interaction. These energy supplies are also known as finite supplies and 
include nuclear fuels and fossil fuels (coal, oil, natural gas). The energy is initially 
an isolated energy potential and external action is required to initiate the supply 
of energy for practical purposes. In developing countries like Uganda, there is an 
increasing energy demand which makes it vital to increase on the power 
generation thus increasing the economic activity hence the standard of living of 
the common citizen. 
 
In Uganda, the main renewable energy resources include wind, water, the sun 
and biomass and the conversion technologies utilized to harness them to 
produce wind power, hydro power, solar power and bioenergy respectively. All 
these energy resources are naturally replenished, which means that their rate of 
utilization is at most equal to their rate of production. Biomass takes a few years 
to grow and resources like the sun, wind and water are in constant supply. 
Therefore, the sustainability of renewable energy sources is derived from the 
basis that they cannot “run out” and their environmental and social 
consequences are generally less mild when compared to fossil fuels. 
From the world energy outlook, there was a predominance of fossil fuels of about 
80% in 2007. This predominance does not guarantee sustainability for the future 
as this source will be extinct with time. Also, from the world primary energy 
supply in 2005, renewable consisted of only 12.8% (Biomass and waste – 10.1%, 
Hydro – 2.2%, other renewable – 0.5%). Non renewables which are limited 
consisted 35.0% oil, 25.3% coal, 20.6% gas, and 6.3% nuclear.  
 
The towns of Jinja and Kampala have for long been the most Industrious in 
Uganda. Jinja is the second largest urban centre in Uganda. Much like the rest of 
the country, Jinja’s population faces problems of widespread poverty, 
unemployment, insufficient low-cost housing, malnutrition, unaffordable water 
and energy supplies, and inadequate health and educational facilities. The 
national power project schemes in Jinja include; Bujagali dam, a 250MW power 
project which is still in work-phase and not any nearer its completion (the first 50 
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MW unit is yet to be commissioned at a later date around February 2012, the 
other four 50MW units still in preliminary stages), Nalubaale power project which 
is a 180MW with provision for expansion of this capacity, Namanve Thermal 
power plant project which is a 50MW heavy fuel oil-fired thermal plant, Aggreko 
power project which has already installed 100MW.  
 

Figure 1: Map of Jinja Municipality 
(Source: Renewable Energy Policy; Uganda 2007) 
 
The Namanve power station is located in Namanve. The power station is owned 
and operated by Jacobsen Electricity Company (Uganda) Limited, a wholly 
owned subsidiary of Jacobsen Electro, an independent Norwegian power 
production company. The plant cost US$92 million to build.  
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Aggreko, which is a leader in the provision of power and temperature control 
solutions, was awarded a contract for the provision of a further 50MW of 
temporary power in Uganda in 2008, in addition to the 100MW already installed. 
The value of the contract, excluding fuel, was set at US$45 million over three 
years. 
Contracted by the Uganda Electricity Transmission Company Limited, the power 
station was set up to supplement the grid supply and alleviate the load shedding 
experienced in the region. This load shedding was as a result of peak demand 
for power being significantly greater than the current generating capacity. To suit 
the local infrastructure, the 50MW power station was comprised of a 10MW and 
a 40MW package, with electricity supplied at both 11kV and 33kV. Providing 
power to supplement the electricity grid aided economic and industrial 
development. 
 
The hydro power projects are majorly on large scale production of electricity; 
whereas the solar and thermal power plants are relatively on small scale 
electricity production. These power projects combined have a power generating 
capacity which is now inadequate for the Industrial sector which has been 
growing rapidly in the last decade and the Ugandan population which is now at 
33 million. This has led to power rationing where towns get 12 hour load 
shedding schedules to cater for the insufficiency of the power generating 
capacity in meeting the energy demand. More so, there have been controversies 
over the true power generating capacity of the Bujagali dam, with dam engineers 
reporting it to be at 250 MW once it is completed, while others estimating it at 
170 MW due to the insufficient head. 
 
In new developments, following some contractual disagreements, the Thermal 
power plants have cut their operations to a minimum, now leading to massive 24-
hour load shedding every other day in the communities. This has caused a great 
dissatisfaction as businesses have suffered greatly, many opting for the use of 
small to medium size generators where they have to use expensive fuel which 
has reached an all time high, a liter of petrol going for 3950 USHS (1.43 US$) 
and a liter of diesel going for 3500 USHS (1.25 US$), these rates having doubled 
completely in a period of 6-8 months, leading to difficult continuation of 
operations at much higher costs as these businesses are the main means of 
survival. This, in turn, has led to increased prices for most of the products on the 
market thus increasing the cost of living.  

 

The policy for Renewable Energy in Uganda reinforces the overall policy on 
energy set out in the Energy Policy for Uganda 2002, whereby Government has 
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spelt out a commitment to the development and use of renewable energy 
resources for both small and large scale applications. This policy is based on the 
need to address the challenges observed, while implementing the Energy Policy 
in general and the Power Sector Reform in particular; as well as those threats 
posed by the increasing energy prices, environmental degradation and climate 
change. The government of Uganda has taken a conscious effort to develop 
renewable energy resources as an integral part of the country’s energy future. 
The promotion of Renewable Energy is specifically included in the Government’s 
Rural Electrification Strategy and Plan (RESP) (2001 – 2010) as one of the most 
important objectives of the strategy. The most vivid step forward has been the 
inclusion of the development of renewable energy (excluding large hydropower) 
to increase power generation as a key indicator of achieving rural transformation 
in the 10 year Energy for Rural Transformation (ERT) Programme.  

Wind and solar are the least harnessed renewable resources having a population 
penetration rate standing currently at 1 percent (Source: Uganda Statistical 
Abstract – 2006). The country has an abundant solar energy potential, which has 
not been sufficiently exploited due to the high costs associated with solar 
resource currently. Wind resource exploitation on the other hand is mainly 
utilized for the purpose of water pumping in rural areas. With average wind 
regimes of 3 m/s, for most of the country, installing wind turbines to harness wind 
power is not an attractive option. The progress has been delayed further due to 
the poverty of a large proportion that cannot afford to purchase the power. 

 
With the increasing standards of living of the people coupled with the change in 
government policy on energy, the implementation of various renewable energy 
programs have commenced and in the near future the number of people 
consuming renewable energy in Uganda is expected to increase. One of the 
projects is the Bujagali dam, a 250MW power project. The European Investment 
Bank (EIB) gave a major boost after the signing of a $136 million loan for the 
project. Other funders include the African Development Bank (ABD), a group of 
European finance institutions comprising Proparco, AFD, FMO, DEG, KfW and 
two commercial banks-Absa Bank and Standard Chartered Bank- resulting in an 
overall package to the tune of 462 million Euros (The Daily Monitor Newspaper, 
2008). EIB affirmed that the environmental and social impacts of the project had 
been subject to extensive studies and were comparatively limited. Another 
project is the Solar Project. The project is aimed at supplying solar water heaters 
and solar panels to the rural people as part of Government’s Rural Electrification 
Program as a means of achieving the Millennium Development Goals. The solar 
panels are estimated to provide about 93MW of energy to the rural people, which 
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would greatly improve their livelihoods. Another project in the pipeline is the 
construction of the Karuma dam which is expected to have a capacity of 600 
MW. The government of Uganda has earmarked $100 million so that 
construction can start later this year. The dam was designed initially to generate 
200 MW, but has been redesigned to produce between 500 and 600 MW of 
electricity according to the Energy Policy for Uganda (2004). These are part of 
the power projects being undertaken in Kampala and Jinja. The other power 
projects being taken into consideration include Aggreko power project which has 
already installed 100MW, Nalubaale power project which is a 180MW with 
provision for expansion of this capacity, and the Namanve Thermal power plant 
project which is a 50MW heavy fuel oil-fired thermal plant. 

 
With Brundtland’s definition for sustainability in 1987, “Meeting the needs of the 
present generation without compromising the ability of future generations to meet 
their needs”, there is a need to increase on the use of renewable energy 
resources as they offer security of supply, sustainability for energy, environment, 
society and economy. This is most especially needed in developing countries 
such as Uganda whose economies still have a large gap for growth and where 
there is need for energy efficiency. 
 
1.1 Problem statement 
Considering that electrification access in Uganda is still very low, standing at 
approximately 9 % nationally and 3 % in rural areas, electrification of most parts 
of the country through grid extension in the near future is still a far cry. It is, 
therefore, with in this context that there is promotion of the decentralized 
(distributed), off grid electricity supply model for remote areas. In most of these 
cases, the required electricity needs will be met by the deployment of locally 
available renewable energy resources of small hydro, solar energy, wind, and 
biomass resources. The focus on decentralized supply systems is likely to 
achieve the objective of equitable regional distribution access to electricity, than if 
only the grid solution was pursued. 
 
Currently, Uganda is experiencing an unprecedented electricity deficit of about 
165 MW, resulting into massive load shedding every night, due to the prolonged 
drought, inadequate investment in least cost generation capacity and a relatively 
high load growth. This has forced the country to resort to the installation of very 
expensive thermal generation, while awaiting the construction and 
commissioning of the 250 MW Bujagali and 150 – 200 MW Karuma projects.  
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As one of the strategies to bridge the deficit and also for long term diversification 
of generation sources, there has been acceleration in the development of grid 
connected small renewable energy generation projects to reinforce the grid.  

 
Apart from promoting accelerated power generation from renewable energy, The 
Energy Policy for Uganda (2002) has, among its objectives, emphasized the 
development, adoption and utilization of renewable energy resources in order to 
achieve objectives of emission reduction, protection of the environment and 
energy conservation. Furthermore, the escalating prices of fossil fuels on the 
world market make it imperative to promote the development and utilization of 
renewable energy resources and the associated technologies. These include 
biomass fuels like ethanol, biodiesel, biogas and methanol; modern biomass 
technologies like efficient stoves and kilns and solar water heating. The 
Renewable Energy Policy is therefore, an elaboration of how to develop the 
necessary initiatives to create a demand for a wide range of renewable energy 
services used in power generation. 
 
1.2 Objectives 
The main objective was to review the status and potential of power generation 
technologies in Uganda 
  
Specific objectives of the project were: 

- To identify the available energy resources in Jinja town 
- To determine the different power generation technologies used 
- To design an energy system for Jinja town and then describe the energy 

system model 
- To create a model able to calculate energy demand on an hourly basis 
- To determine the maximum needed capacity for electricity and heat 

(peaks) 
- To estimate costs of the services provided by the system 

 
 
 

1.3 Scope 
The scope of this project was limited to Jinja town and all analysis was done 
using Homer based on the data obtained.  
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1.4 Justification 
The justification was that if this project is completed successfully, it will then 
provide the framework for similar studies to be carried out for different regions in 
the country. Also, this project will lay the foundation for implementation as the 
study will have already been done. Finally, if this study is successfully completed, 
it will provide the government of Uganda with a basis to review the necessary 
policies in the country’s energy policy. 
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                                           CHAPTER TWO 
 
2.0 METHODOLOGY 
The following tasks were identified and undertaken so as to achieve project goals 

and objectives. 

 

2.1 Literature survey 
The purpose of the literature survey was to establish the available energy 
resources, what previous experiences were gained from elsewhere in using 
power generation technologies, especially from renewable energy resources in 
Uganda. This report was written after an extensive research on energy resources 
currently in application in Uganda and their environmental impacts. Various 
sources were used to enable the accomplishment of the report amongst them 
including internet, Ministry of Energy and Mineral development reports, energy 
journals, lecture and seminar notes.  

Different power schemes were also identified, assessments made of the power 
generation technologies which are harnessed from the available energy 
resources and terms of reference developed like recommending improvements 
for better use. The report first addressed the current energy situation then 
continued to analyze the trend of power generation while ensuring that the 
research was put into proper perspective with the objectives and scope. 

  
2.2 Data Collection 
Data on power generation technologies was gathered, especially on average 
contribution of each component system to power production in comparison to 
their costs. This included data for the solar resource, wind resource, biomass 
resource for Jinja Municipality, and diesel fuel price. This data was partially 
obtained from the Ministry of Energy and Mineral development, Gtz Energy 
projects section; especially concerning statistics of the 93MW solar projects and 
the 500MW Karuma dam project. Data was also obtained for Aggreko power 
plant, from the 250MW Bujagali project, Namanve Thermal power plant, and from 
the Owen Falls Dam. 
 
 
2.3 Data Analysis 

This stage was used in evaluating and analyzing data which was input in 
illustration software, Homer software. The software was used in evaluating 
designs of both off-grid and grid connected power systems for a variety of 
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applications, using the appropriate and cost effective power generating 
technologies. To use this software, the model was provided with inputs, which 
described technology options, component costs, and resource availability. 
This input was used by the model to simulate different system configurations, 
or combinations of components, and generated results that were viewed as a 
list of feasible configurations sorted by net present cost. This model also 
displayed simulation results in a variety of tables and graphs that helped in 
comparing configurations and evaluating them on their economic and 
technical merits. The tables and graphs were exported for use in this report 
and the subsequent presentation.  
 
In order to explore the effect that changes in factors such as resource 
availability and economic conditions might have on the cost effectiveness of 
the system configurations, the model was used to perform sensitivity 
analyses. The model was provided with sensitivity values that described a 
range of resource availability and component costs. The model simulated 
each system configuration over the range of values. The results of the 
sensitivity analysis were also used to identify the factors that had the greatest 
impact on the design and operation of the power system. 
 
 

2.3.1 Homer Software 
The Homer energy modeling software is a tool for designing and analyzing 
hybrid power systems, which contain a mix of conventional generators, 
cogeneration, wind turbines, solar photovoltaics, hydropower, biomass and 
other inputs. For either grid-tied or off-grid environments, Homer can 
determine how variable resources such as wind and solar can be optimally 
integrated into hybrid systems. The energy model was used to run 
simulations of different power systems, compare results and get a realistic 
projection of their capital and operating expenses. It was also used to 
determine the economic feasibility of the hybrid energy system, optimizing the 
system design. As distributed generation and renewable power projects 
continue to be the fastest growing segment of the energy industry, Homer can 
serve utilities, telecoms, system integrators, and many other types of project 
developers – to mitigate the financial risk of hybrid power projects.  
 
Homer is a computer model that simplifies the task of designing distributed 
generation (DG) systems – both on and off-grid. Homer’s optimization and 
sensitivity analysis algorithms enable evaluation of the economic and 
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technical feasibility of technology options and to account for variations in 
technology costs and energy resource availability.  
 

2.3.2 Simulation, Optimization, Sensitivity Analysis 
This stage involved a detailed rigor of chronological simulation and 
optimization in a model that is relatively simple and easy to use. For a 
community-scale power system, Homer was used to model both the technical 
and economic factors involved. For larger systems, it can provide an 
important overview that compares cost and feasibility of different 
configurations, and then designers can use more specialized software to 
model the technical performance.  
 
Chronological simulation is essential for modeling variable resources, such as 
solar and wind power and for cogeneration applications where the thermal 
load is variable. The sensitivity analysis helps determine the potential impact 
of uncertain factors such as fuel prices or wind speed on a given system, over 
time. 

  
2.4 Discussion of results 
The results from the analysis were discussed as a means of coming up with 
conclusions and recommendations. From the Homer software which is a micro-
power optimization model, we were able to design grid-connected and off-grid 
renewable energy (RE) power systems and analyzed these systems in order to 
know renewable resources adequate for the given location, which is Jinja 
Municipality, the type of RE technologies that were the most cost effective, the 
size that RE system components should be, and how the power system’s 
economics changed when costs and loads were changed. 
  

2.5 Conclusion & Identification of possible improvements 
Conclusions were made basing on the results. After which, suggestions were 

made for further developments and improvements of the current use of power 

generation technologies emphasizing the use of modern renewable energy in 

these technologies to increase on the total consumption. 
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2.6 Expected Results 
These included; 

- Determining the available and most suitable energy resources that can be 

used in power generation 
- Identification of the power generation technologies being used 
- Design of an energy system for Jinja 
- Estimation of costs of the services provided by the energy system 
- Determining and recommending from evaluation the appropriate power 

generation technologies to be used in the hybrid power system 
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                                                 CHAPTER THREE 
 
 
3.0 LITERATURE REVIEW 
Power generation consists of technologies used for electricity production from 
energy sources. The energy sources include renewable energy and non-
renewable energy resources. Renewable energy sources being those energy 
flows that occur naturally and repeatedly in the environment can be harnessed 
for human benefit including power generation. The ultimate sources of most of 
this energy are the sun, gravity, and the earth’s rotation. Non renewable energy 
sources are those which are obtained from static stores of energy that remain 
bound unless released by human interaction. These include nuclear fuels and 
fossil fuels; coal, oil and natural gas. The energy is initially an isolated energy 
potential and external action is required to initiate the supply of energy for 
practical purposes.  
 
It is from these energy sources that power can be generated. Renewable energy 

resources are increasing in the use of energy consumption because; non-

renewable resources are limited, there is security of supply, and sustainability of 

energy, environment, society and economy.  

 

Human effects, arising from the use of these energy resources, on the 

environment include Stratospheric ozone depletion, greenhouse gas emissions, 

global warming, acid rain, unsafe drinking water, hazardous/ solid waste 

disposal, loss of plant and animal species, and human health and well being.  

Environmental protection has usually taken the form of end-of-pipe solutions that 

often required considerable money and natural resources affect industry profit. 

 
3.1 HYDROPOWER 
Hydropower is one of the prevailing energy-producing technologies. It provides 

about 20 % of the world’s electricity. In the developing world, the proportion rises 

up to 40%.  

 

In Uganda, there are a number of hydro power projects as Hydro Electric power 

production is the most common form of electricity production on the national grid. 

Among them is the Bujagali hydro power plant under construction which had 
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controversial issues delaying the project briefly such as cultural issues and land, 

concerning this power plant project. 

 

3.1.1 Bujagali Hydropower project 
This hydroelectric power project was proposed for the Victoria Nile River near the 
town of Jinja, in Uganda. Due to the acute shortage of electricity, which is 
negatively affecting the nation’s economy as well as the well being of the 
citizens, the 250 megawatt power generating facility proposed by Bujagali Energy 
Limited was started to increase on electricity supply, lower electricity costs, 
improved air quality, jobs for Ugandan workers and a number of other benefits. 
This project also complies with strict environmental and other regulatory 
requirements.  
 
The severe shortage of electricity led to the acute need for new power sources. A 
large portion of electricity consumers were regularly experiencing rotating black 
outs of u to 12-24 hours daily. This lack of power also led to electricity being 
produced by expensive and polluting stand-by power generators. The Bujagali 
hydropower project produces an abundant supply of clean, renewable energy for 
Ugandan homes and businesses. The facility uses power of falling water from a 
30 m high earth-filed dam to generate electricity.  
 
The major components of this facility include; 

• Power station housing five electric-generating turbines. 
• Dam and associated spillway 
• 388 ha water reservoir, most of which (308 ha) is already covered by the 

Victoria Nile. 
 
This project will reduce the emission of greenhouse gases in Uganda. 
Hydropower electricity does not cause emission of greenhouse gas CO2. Most 
electricity that is currently used in Uganda is generated by diesel and fuel oil 
generators which emit considerable volumes of CO2. The electricity produced by 
the hydropower project will replace the diesel and fuel oil electricity and hence 
reduce CO2 emissions that contribute to Global warming. 
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Figure 3.1.4: Bujagali project Location 
(Source: Renewable Energy Policy; Uganda 2007) 
 

3.1.2 Owen Falls Dam 
Nalubaale Hydroelectric power station, often known by its old name, Owen Falls 

dam is a hydroelectric power station across the White Nile near to its source at 

lake Victoria, in Uganda. 
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Figure 3.1.5: A section of the dam 
(Source: Renewable Energy Policy; Uganda 2007) 
 

 
Figure 3.1.6: A section of the dam in 1980 
(Source: Renewable Energy Policy; Uganda 2007) 
 

The rating of Nalubaale power station is 180 MW. Originally it was designed for 

10 turbines rated at 15 MW each (giving a total of 150 MW). It was thus 

refurbished in the 1980s to repair the accumulated wear from a decade of civil 

disorder. During the repairs, the output power of the generators was increased. 
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In 1993, work started on the Owen falls Extension project, a second power house 

located about 1 km from the original powerhouse. A new power canal was cut to 

bring water from Lake Victoria to the new powerhouse. Major construction was 

completed in 1999 with first power from the project from two units in 2000. The 

extension has a space of five hydro electric turbine generators with three 

installed as of 2003. Each unit at the extension has a capacity of 40 megawatts. 

 

3.2 BIOMASS 
Biomass is one of the major world fuel sources, especially in the third world, 

where it provides 40% of the requirements. Biomass is also important in some of 

the forest-rich part of the industrial nations. Biomass is considered CO2 neutral.  

 

 
Figure 3.2.1: Biomass conversion 
(Source: Renewable Energy Technology Lecture notes, 2009) 
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3.2.2 Biomass in Uganda 
Biomass is the predominant renewable energy type used in Uganda; accounting 
for over 90% of total energy consumed in Uganda, and has been growing by 
approximately 3.6% from 1995-2000 (Source: Alternative Energy Resource 
Development Program).Investment on biomass energy is based on the fact that 
both rural and urban populations in Uganda will continue to heavily rely on fuel 
wood for cooking and heating water.  

Large parts of Uganda’s industrial, service sectors and households are 
based on the utilization of natural resources for income generation. This mainly 
entails the use of Biomass as a source of energy for various needs. In rural areas 
the utilization of biomass most especially wood fuel (charcoal and firewood) is 
even more important for subsistence needs and covers up to 95% of the total 
energy being used. 
 
` 
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Figure 3.2.3 (Source: National Biomass Study) 
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Figure 3.2.4 (source: National Biomass Study) 
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Figure 3.2.5: Prevalence of fuel wood use in Uganda 
             (Source: National Biomass Study) 
 

3.2.3 Biomass supply 
Biomass supply comes from various sources among them the different 
vegetation and land use types. In Uganda, the country’s 241,551 km2 has been 
divided into 13 stratifications at the national level and even down to the regional 
and districts level. The areas for different vegetation stratification and their 
respective available standing biomass are as shown in Table 3.1 below: 
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Table 3.2.1: Area and Biomass Standing Stock of Different Land Cover 
Land Cover (Use) Area 

(Hectares)
Biomass Stock 

(Tons)
Hardwood Plantations 18,682 1,682,700
Softwood Plantations 16,384 2,457,600
Tropical High Forest – Stocked 650,150 136,491,200
Tropical High Forest – Depleted 274,058 27,596,200
Woodland 3,974,102 126,014,200
Bush land 1,442,395 14,007,600
Grassland 5,115,266 46,852,400
Wetlands 484,037 236,300
Subsistence farmland 8,400,999 111,824,900
Commercial Farmland 64,446 154,200
Built-up areas 36,571 862,800
Water bodies 3,690,254 0
Impediments 3,713 0
Total 24,155,058 468,180,000

(Source: National Biomass Study, 2003) 
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Fig 3.2.6: Area of Different Land Cover in Uganda 
(Source: National Biomass Study, 2003) 
  
From the pie chart  it can be deduced that tropical high forests- stocked have the 
biggest proportion of land cover in Uganda followed by the woodland , 
subsistence farmland and the rest follow. This implies that to harness the 
renewable energy pertaining to biomass emphasis should be put on land cover 
with the biggest proportion putting into consideration the extinction of species 
due to deforestation which could culminate into desertification. 
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Table 3.2.2: Accessible and sustainable biomass supply by regions 
 

Region Sustainable Accessible Supply 
Central    5,152,332.95  
Eastern    3,812,874.61  
Western    8,485,586.19  
Northern  10,247,437.46  
Total  27,698,231.20  

 (Source: National Biomass Study) 
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Figure 3.2.7: Accessible and Sustainable Biomass Supply by Region 
 (Source: National Biomass Study) 
 
It can be asserted that implementing modern technologies in Uganda such as 
gasifiers to harness bio energy for sustainable supply, the northern region would 
be the most appropriate followed by the western region, central region and lastly 
the western region. This information would be vital to the investors who would be 
interested in implementing biomass conversion technologies in Uganda. 
The total standing biomass stock is thus given as approximately 460 million tons.  
Biomass can be classified using two classes; 

• Virgin Biomass 
• Waste Biomass  
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Figure 3.2.8: De forestation in Uganda 
(Source: National Biomass Study) 
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3.2.4 Biomass Demand in Uganda 
 According to the National Biomass Study, 2003, per capita consumption is s 680 
Kg/yr and 240 Kg/yr for firewood, and 4 Kg and 120 Kg of charcoal for rural and 
urban areas respectively 
  
Table 3.2.3: Households and cottage biomass demand by regions 
 

Region Households Demand Cottages Demand Total Demand 
Central             6,515,210.54              1,628,802.64      8,144,013.18  
Eastern             5,382,939.61              1,345,734.90      6,728,674.51  
Western             5,305,469.09              1,326,367.27      6,631,836.37  
Northern             5,023,164.28              1,255,791.07      6,278,955.35  
Total            22,226,783.52              5,556,695.88     27,783,479.40  

(Source: National Biomass Study, 2003) 
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Figure 3.2.9: Household and Cottage demand for Biomass 
 (Source: National Biomass Study) 
 
From the graph (Fig 3.2.9) it can be asserted that the central region consumes 
the greatest amount of energy followed by the eastern and western which are 
separated by a small gap and lastly the north and this is in line with the 
population distribution in these regions. It can be concluded that the pollution of 
the environment resulting from use of biomass corresponds to the amount of 
energy consumption in the region. Thus any mitigation measures put in place to 
minimize the impact on the environment should give first priority to the central 
region. 
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3.2.5 Wood Biomass Balances 
In terms of overall biomass, there exists a national balance with a short deficit of 
85 thousand tons. This is, however, cleared when crop residues are included. 
Energy demand data for agricultural residues and wood wastes is lacking though 
they constitute an important form of fuel for many households.  Their supply is, 
however, 4.4 million tons for agricultural residues, and 400,000 tons for wood 
wastes (Source: National Biomass Study, 2003). Biomass is, however, site 
specific, due to its bulkiness, which makes it difficult to move from one region to 
another. 
 
Table 3.2.4: Biomass balances by regions 
 

Regions Total Demand Supply Balances 
Central 8,144,013.18 5,152,332.95 (2,991,680.23) 
Eastern 6,728,674.51 3,812,874.61 (2,915,799.90) 
Western 6,631,836.37 8,485,586.19 1,853,749.82 
Northern 6,278,955.35 10,247,437.46 3,968,482.11 
Total 27,783,479.40 27,698,231.20 (85,248.20) 

(Source: National Biomass Study) 
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Figure 3.2.10: Biomass balance by region 
 (Source: National Biomass Study) 
 

From the graph (Fig 3.2.13) it can be seen that the central and eastern regions of 
Uganda are in deficit in terms of biomass supply. However they can be 
supplemented by the surplus from the western and eastern regions sufficiently. 
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This would strike a balance between demand and supply and hence 
sustainability. 

3.2.6 Energy Projections 
When woody biomass demand and supply are projected for the next ten years, 
the balance scenario is set to move into one of deficit and later on, acute deficit.  
 
Table 3.2.5: Projected biomass balances for 10 years 

Year Yr. 2006 Yr. 2011 Yr. 2016 
Population 28,750,132 33,817,496 39,778,010 
Consumption tons/yr. 27,525,903 32,699,196 38,893,119 
Sustainable supply tons/yr. 27,698,231 28,227,662 28,136,254 
Crop residues 4,400,000 4,730,000 5,084,750 
Balances  tons/yr. (85,248) (4,471,535) (10,756,866)
Balances (when residues 
included) 

4,314,752 258,465 (5,672,116)

Deficit/Surplus (%) 3.2 -13.7 -27.7
Deficit/Surplus (tons/person) 0.031 -0.132 -0.270

(Source: National Biomass Study, 2003) 
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Figure 3.2.11: Projected Biomass balance for 10 years 
(Source: National Biomass Study) 
 
This projection only considers woody biomass. However with the other biomass 
types included the forecast would be more positive that is considering the 
accessible sustainable biomass. 
 

3.2.7 Biofuels 
Biofuels are fuels made from plant–derived resources. They are used mainly for 
transportation. Uganda’s interest in development of biofuels to reduce 
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dependence on imported fossil fuels started about forty years ago.  Prospects 
exist for both methanol production using charcoal retorts, and also for biodiesel 
from Jatropha, a plant that is already being grown in Uganda. Various options 
exist for Biodiesel production in Uganda. The best options are presently in Palm 
oil in Kalangala district and Sunflower oil grown mainly in Northern Uganda. 
Biodiesel from sunflower costs about UgShs 2000 per liter (USD 1.18/ liter), 
which is almost the same as the price of fossil fuel. 
 

3.2.8 Electricity from biomass 
Currently, this technological conversion method is not in use in Uganda, a study 
sponsored by the National Forest Authority (SPGS/ Unique forestry consultants, 
2006) indicates that using Eucalyptus grandis and Markhamea lutea tree species 
on a short rotation of four to five years can produce electricity.  Studies carried 
out by the Ministry of energy reveal that this biomass electricity would costs US 
cents 9.4 per kWhe and is comparable to that of grid electricity (US cents 12.6 
per kWhe) and much cheaper than the one based on fossil or photovoltaic cells. 
 

3.2.9 Waste Biomass 
In Uganda the most used form of waste biomass for energy purposes is biogas. 
Currently, there are 112 biogas plants of different capacities either in operation or 
proposed for installation over a 10 years period (National Biomass Study, 2003). 
Biogas is a mixture of different gases but methane (CH4) and carbon dioxide 
(CO2) are the chief constituents. It is combustible if methane content is more 
than 50%. The resultant slurry from a biogas digester is rich in nitrogen, 
phosphorous, potassium and humus material. It has good applications in 
agriculture and horticulture, and is a better fertilizer than the dung or animal 
wastes input. Though introduced in Uganda in the 1980’s, biogas has met 
constraints in its uptake due to: 

• High up-front costs  
• Inadequate financing mechanisms 
• Insufficient technical and institutional capacity 
• Inadequate sector policies, 
• An undeveloped market.  
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(Source: National Biomass Study) 

Waste Biomass (Bagasse from sugarcane) are used as Source of 
fuel in steam plants 
 
   3.2.10 Biodiesel 
Energy balance of biodiesel production from canola oil --> 1 unit fossil fuel 

energy produces 2.5 units of energy from biodiesel. Greenhouse gases --> 68% 

less than gasoline (lbs/gallon). 
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3.3 WIND ENERGY 
Wind energy offers the potential to generate substantial amounts of electricity 

without the pollution problems of most conventional forms of energy.  

 
Figure 3.3.1: Wind turbine 
Source: IEA World Energy Outlook 2007 

 

3.3.1 Wind Energy in Uganda 
For over 2,000 years wind energy has been utilized in the form of the familiar 
windmill. Used for Agricultural purposes such as grinding corn or for water supply 
in rural areas, windmills have been, and remain, a common sight in both 
industrialized and developing countries alike. (EAETDN-U, 2004)Wind energy 
still is at its start in East Africa and Uganda as well. Until now it is mainly used in 
the traditional fields of water pumping, only with one exception in Kenya with 2 
stations of 150 and 450 KW. 

Uganda is located at the equator where the wind climate is dominated by the 
tropical convergence zone where the air due to the heating of the earth’s 
atmosphere is rising and a north-easterly wind along the earth’s surface is 
generated due to the earth’s rotation. The wind speed is moderate in areas of 
Uganda, with average wind speeds in low heights (less than 10 m) generally from 
less than 2 m/s to about 4 m/s. However, an impression of the wind resources 
has been established in the North-eastern region and several windmills have 
been installed there. [MEMD Policy, 2002] 
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3.3.2 Wind Resource Evaluation 
The success of the wind-mill projects in the areas has been limited by inaccurate 
and unreliable data. Hence more research is needed in this area. There certainly 
is potential for wind-energy but proper places have to be identified and 
measurements have to be intensified. The weak net infrastructure has to be 
considered while developing wind parks, as it plays an important role for the 
choice of a site and for Investment. 
 

The current situation regarding the supply of wind energy equipment is 
characterized by a very high growth in demand, resulting in projects which 
suppliers are not serving easily. As a result it is currently very difficult to 
implement smaller projects. This should however, not prevent the development of 
high quality sites which takes ample lead-time anyway. The future will show if 
there is room for more local content and value added and what shall be the 
optimal size for Uganda in this business which strives at very large and 
demanding wind mills with current sizes of 5 MW. 

However, it is also worth noting that in some areas with complex terrain the wind 
may speed up due to slopes of hills and escapements and tunneling effects. Sea 
breeze generated by difference in heating of water and earth may also result in 
increasing wind speeds and this may account for wind resources along the banks 
of Lake Victoria. 

In Uganda small scale applications for wind energy should be attractive. This 
relates to issues like water pumping or service of small scale electricity demand 
such as village systems or lodges. More than 70% of Uganda’s rural population 
has no access to grid electricity or any other form of modern commercial energy.  
In these areas, wind energy could provide a cost effective means of bringing 
power to areas where people rely almost exclusively on biomass sources of 
energy, as an off-grid alternative. 

 

3.3.3 Wind Resource Potential in Uganda 
The average wind speed in Uganda is low; about 3.0 m/s. However, in more flat 
areas like Karamoja district of North-western Uganda, around the great lakes 
(Lake Victoria) and hill-tops in many parts of the country, the speeds may go as 
high as 6.0 m/s. This speed is adequate to run a wind turbine. However, these 
wind speeds have been recorded at low heights for purposes of predicting 
weather. No measurements have been made at appropriate heights (over 10m) 
for wind turbine design. A program to that effect is being initiated under 
assistance from the African Development Bank and several private sector 
initiatives (Source: Investing in Uganda’s Energy Sector, MEMD Policy). 



42 
 

3.3.4 Main Application in Uganda  
The main application of wind energy so far has been mechanical water pumping, 
especially in Karamoja district and Mukono district. There are several small wind 
turbines that have been installed in Uganda as an off-grid alternative. However, 
commercial wind power application has been hampered by most potential areas 
so far identified being far from demand centers. To harness the wind potential in 
Uganda therefore requires to some extent grid connection. 

 

 
 Fig 3.3.4: One of the sites for the windmill- pumping water in Karamoja 

(Source: Ministry of Energy and Mineral Development, 2007) 
 

Bergey Wind Power, a U.S based firm in partnership with Winafrique, Kenya, and 
Winafrique, Uganda, are currently in the process of providing off-grid wind power 
solutions to rural communities particularly in Entebbe district (The Sunday 
Monitor Newspaper, February, 2007). One of the hindrances has been the cost 
of installation per unit which ranges from $8,000 to $12,000 and these are for low 
power capacities. 
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3.4 SOLAR ENERGY 
The amount of solar energy incident on the earth every year is; 

- Equivalent to 160 times the energy stored in the world’s proven reserves 

of fossil fuels 

- Equivalent to more than 15000 times the world’s annual use of fossil and 

nuclear fuels and hydropower. 

3.4.1 Solar Thermal  
Solar energy can be used directly for different purposes such as; 

• space or water heating at relative low temperatures by absorption in solar  

collectors 

• Passive heating in buildings designed to take advantage of solar energy 

• Generation of electricity by concentrating the solar energy in parabolic 

mirrors that heat up the water to several thousand °C. 

 

 
Figure 3.4.2: Solar Thermal Collectors 
(Source: Global Energy Network Institute) 
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3.4.2 Photovoltaics 
Photovoltaics (PV) convert directly the solar energy into electricity in a solid state 

device made from silicon. It is based on the photovoltaic effect.  

 
3.4.3 Solar projects in Uganda 

This is a project of photovoltaic (PV) systems and solar water heaters. It was set 

to target getting 100,000 photovoltaic systems mainly for rural areas, back-up 

systems for grid connected consumers and 65,000 solar water heaters for homes 

and commercial enterprises. The full implementation of this project was targeting 

saving 93MW on the grid.  

 

Due to Uganda’s rural settlement pattern, grid extension to many areas was 

uneconomical. Therefore, the potential market for stand alone systems, 

especially solar PV systems, is enormous. However, the main barrier to 

harnessing this market has been affordability due to the high upfront costs of the 

system. This is why it was resolved to support the private sector in small 

renewable energy generation for grid generation to boost capacity. Over a period 

of 2 years, there has been 70MW of such new generation capacity. This includes 

Kakira Sugar Works, which produces 12MW, Kikagati 10MW, Mpanga 18MW, 

Ishasha 5MW, Bugoye 13MW, and Buseruka 9MW. 
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Figure 3.4.5: Solar photovoltaic panels outside a secondary school at 

Bukasa demonstration site (Lake Victoria, Uganda) 
(Source: Ministry of Energy and Mineral Development, 2007) 

Existing solar data shows that the solar energy resource in Uganda is high 
throughout the year and is between 4.5 and 6.5 kWh/m2/day on a horizontal 
surface. The data indicates a yearly variation (max month/ min month) of only 
about maximum 20%, which is due to the location near the equator. The 
insolation is highest in the dryer area in the northeast [5.5 – 7.5 kWh/m2/ day] 
and very low [3.5 kWh/m2/day] in the mountains in the southwest, where 
utilization of solar energy is limited because of the cloudy weather (Source: 
NASA Surface Meteorology and Solar Energy).  

The total potential for PV power is estimated at 230MW at 4.5- 5.5kWh/m2 day on 
a horizontal surface, and this can produce about 168,000MWh per year (Jaowe, 
2005). Solar-PV for rural homes, Commercial, schools and clinics is very 
important and has many benefits related to improved education and health and 
can at the same time be used as a simulation of the market for solar photovoltaic, 
perhaps opening up for the larger residential market. Solar–PV for rural water 
pumping applications is an emerging technology and a number of these schemes 
are installed in south-western Uganda. The Energy for Rural transformation 
(ERT) project had been piloting another 15 solar water pumping schemes 
country-wide. 
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No independent survey has been made to establish the number of Solar PV 
systems in Uganda. However estimates concluded by Uganda Photovoltaic pilot 
project for rural electrification (AERDP, 2003/4) put the number to more than 
10,000. Despite the fact that solar insolation is high in Uganda it is estimated that 
less than 100 households countrywide have solar water heaters (Jaowe, 2005). 
The (ERT) program is a ten year program with the objective of increasing access 
to electricity through use of renewable energy sources and in particular solar-PV 
systems for domestic consumption (solar home systems). 

 Solar Light for Africa, a faith based NGO works in East Africa and helps in 
providing power to clinics, orphanages schools and churches. With USAID 
assistance the organization electrified Kakuto hospital in Rakai District, Uganda, 
using solar energy, resulting in improved health of patients and enabled staff to 
work more effectively. Solar generated water pumps are now pumping fresh 
water to the community and the hospital. USAID assistance has boosted 
Uganda’s economic development by providing light after the sun goes down and 
water that is close to home. This has all resulted in improved livelihood in the 
area. (Source: www.usaid.gov/stories/uganda) 

 
3.4.4 Solar Photovoltaic System Costs 

The cost of electricity supplied by solar-PV systems battery storage for lighting 
purposes and radio is calculated to be about USD 2 per kWh of electricity. 
However this cost is reducing due to decreasing world market prices and 
subsidies from government (Private Sector Foundation-EFT/BUDS). This is much 
higher than electricity from the grid (about USD 0.09 per kWh) but much cheaper 
than electricity from batteries and light from kerosene lamps if these should 
provide the same service. The investment costs are estimated at an average 
value 11.97USD/W (20,952 Ug Shs/W) of installed solar-PV power and 
accessories, for a solar Home system [SHS].  
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Figure 3.4.6: Solar panel installed at a housing projects 1990-2000 

(Source: www.self.org/uganda.asp) 
 

 
 Figure 3.4.7: Solar panel being assembled, projects 1990-2000 

(Source: www.self.org/uganda.asp) 
 

In Bufumira, lake Victoria island , the introduction of solar home systems enabled 
women to obtain lighting in the kitchens while men enjoyed watching television 
and listening to the radio. Other men started battery charging stations for mobile 
phones and batteries. There was a shift from relying on fishing as the only 
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economic activity (Ssengendo, 2005). This is another example of solar energy 
clearly improving the livelihood of citizens of that island. 

 

3.4.5 Solar Thermal in Uganda 
Solar water heaters capture the sun’s thermal energy to warm water. Solar water 
heaters (sometimes called solar hot water systems) are cost- effective for 
generating hot water for home or a small community building, like a health 
center. The average cost of supply and installation of a unit water heater is USD 
8.63 (Ug Shs 14,666.7) per liter for systems of capacity less than 300liters. 
Nevertheless the unit cost of the system can be low by about 10% with 
capabilities of over 600 liters (Jaowe, 2005).  

 

3.4.5.1 Solar Thermal Potential in Uganda 
The total potential for solar water heaters is estimated at 161,000m2 of collector 
with estimated output of 96,000 MWh per year (Jaowe, 2005). A substantial 
growth in the economy of the country may lead to much higher demand. 
Currently, only 10% of urban households demand heating of water.  
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Figure 3.4.8: Solar Heating System at Faculty of Technology, Makerere 

University 
(Source: Ministry of Energy and Mineral Development, 2007) 

 

3.4.5.2 Cost Savings with Solar Thermal Heaters 
The monthly savings depend on the amount of hot water being used, the size of 
the storage tank and the type and price of fuel used for backup water heating. 
For example, a health center that consumes about 3311 liters of heated water 
per day uses 49,875 kWh annually to heat water electrically. If the centre 
switched to solar heating, it would save about $219 per year at 12.47 USD cents 
per KWh (Jaowe, 2005).  

 

3.4.6 Solar Drying in Uganda 
Drying involves the removal of moisture from produce so as to provide a product 
that can be safely stored for longer periods and has a longer shelf life. There are 
two categories of drying namely, direct solar drying and solar dryers. Direct Solar 
drying (i.e. laying out products in the sun to dry) has traditionally been important 
for processing and preserving food crops and other products. Solar dryers are 
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specialized devices that control the drying process and protect agricultural 
produce from damage by insects, dusts and rain (igadrhep.energyprojects.net). 
The dryers are further classified in two categories (Sendegeya, 2007) as 
indicated below. 
  

A) Natural convection dryers 

• Sun drying with plastic cover 
• Solar green house dryer 
• Solar cabinet dryer 

B) Forced Convection dryers 

• Solar tunnel dryer 
• Solar flat bed dryer 
• Solar greenhouse dryer 
• Solar dryers with roof-integrated collector 
 

 
Figure 3.4.9: A solar dryer developed and promoted by Fruits-of-the Nile in 

Uganda                  
(Source: igadrhep.energyprojects.net) 
 

In contrast to drying products in the open, solar dryers generate higher 
temperatures and lower relative humidity, increase flow of air across the produce 
thus reducing the drying periods, lower product moisture content and reduce 
spoilage during the drying process. Depending on the construction, both collector 
and drying chamber may be combined or separated.  

In many places, use of solar drying devices is becoming an established part of 
the agricultural or food processing business, especially where the product can be 
sold at a higher price or transported more easily when dried. Products that are 
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commonly dried include fruits, tea, coffee, lumber, pyrethrum, fish, meat, cereals, 
grain legumes, oil seeds, fodder plants, medicinal plants, spices, and others. 
Tobacco curing is also possible... Fruits of the Nile in Uganda are working with 
hundreds of women to dry pineapples, mangos, chilies and banana for export. In 
Kayunga district, Uganda, the introduction of the hybrid solar dryer has provided 
employment to women in cutting and slicing of pineapples for drying. The men 
are employed in growing and harvesting the pineapples from the fields, laying 
slices on the trays and dealing with technical maintenance of the solar dryers. 
Women increased their income by 30% while men increased by 60% 
(Ssengendo, 2005). 

  

 
Figure 3.4.10: The Danish development worker Mr. Leif West introducing 

the solar dryer to the Christian rural services (CRS) members. 
(Source: www.areed.org) 
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Figure 3.4.11: CRS members presenting the quality of the dried mango 

Nebbi district. 
(Source: www.areed.org) 
 

3.4.7 Solar Cooking in Uganda 
A number of small and medium scale projects have been initiated with regard to 
solar cooking. Several of the small projects have been undertaken by vulnerable 
members of society like disabled persons under the umbrella organizations like, 
Welfare Society for the Disabled People and Disabled Technicians of Uganda.  
They have targeted 23,000 families in Uganda as appropriate for training in the 
use of solar cookers (Solar Cooker Review, 2001)  

Another project involves Ultra-Tec, Inc., which is a company selling Global Sun 
Ovens, with plans to collaborate in manufacturing these ovens when demand is 
sufficient. An active organization, The Creative Center of Mbale, has taught 
people to make and use solar cookers in the Mbale Solar Cooking Project.  In the 
last six months of 2006, the Solar Connect Association (SCA) distributed 300 
solar Cook-kits in rural areas of western Uganda, including the villages of 
Kikokwa and Ruharo, as well as in the Orukiga refugee settlement. This was 
done in partnership with the Kozon Foundation. Together these two companies 
distributed 2000 solar cookers in the villages mentioned above. The project 
mission is to contribute to the mitigation of climate change and conservation of 
Uganda’s beautiful forests and savannah woodlands. The solar devices are not 
only used to feed households, they are also employed in income generating 
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activities, including baking cakes and bread, canning fruits, and pasteurizing 
water.  

Another project involves the Health Technology Development Centre of 
the Ministry of Health where solar cookers have been successfully used for 
sterilization and food preparation in some health centers. A pasteurizer for water 
purification has also been developed (Source: 
solarcooking.wikia.com/wiki/Uganda)Therefore, from these various examples the 
impacts of solar resource have been clearly brought out, both negative and 
positive. 
 
 

 
 

(Source: http://www.jugendhilfe-ostafrika.de/solar.html) 
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Figure 3.4.12: Solar Cooking 

(Source: http://www.jugendhilfe-ostafrika.de/solar.html) 
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                                   CHAPTER FOUR 
 

4.0 DATA ANALYSIS AND DISCUSSION 
Power projects based on renewable energy allow a sustainable energy supply. 
The use of a broader range of sources implies a greater security of power supply. 
The cost of power is mainly determined by the investment, implying higher cost 
stability brings about lower financial risks. Jinja is endowed with natural 
resources which if exploited in a sustainable way can provide the basis for an 
energy system that will improve the livelihood of the population in this region. 
Table 4.1 shows a summary of some key data that was used in designing the 
energy system for Jinja town. 
 
Table 4.1: Summary of data for Jinja town 

Total Number of Households 20,755 
Average Solar radiation 
(kWh/m2/day) 

5.3 

Average wind speeds (m/s) 3 
Biomass (tons/ hectare) 1000 

 (Source: Ministry of Energy and Mineral Development, 2007) 
 
Jinja Municipality, being a relatively small town, has grown from a population of 
71,213 (36,325 males and 34,888 females) to currently a total of 90,016 in the 
last seven years. This represents an annual growth rate of 2.98%. 
Unemployment rate is at 38% and poverty rate at 45% with a total number of 
households of 20,755.  
 
The average household in Jinja Municipality has the following common 
appliances; 

• 2/3 lights: 80 watts (x 5 hours a day) 
• Television set (25’ color): 150 watts (x 5 hours a day) 
• VCR set: 40 watts (x 2 hours a day) 
• Radio: 60 watts (x 8 hours a day) 
• Mobile phone charger: 84 watts (x 1 hour a day) 
• Flat iron: 1000 watts (x 0.25 hours a day) 
• Refrigerator/ Freezer: 600 watts (x 3 hours a day) 
• Hot plate: 1000 watts (x 0.5 hours a day) 
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This gives a total of 3,014 watts per household. Therefore, the average load is 
3.014 kW per household per day. This gives a load of 90kW per month per house 
hold. 
 
4.1 Assumptions and Model Inputs 
 

      4.1.1 Load 
The load that the model was designed to satisfy was 3 kW per household per 

day. This load was determined basing on the type of consumption; residential, 

and on the number, type and size of electrical equipment. For this study, the 

diversity factor was constrained to 1. 

Using the load, the consumption/power requirement for Jinja town was obtained. 

 

        4.1.2 Solar Resource 
Jinja town has the coordinates: Latitude 0° 26.15’ N, Longitude 33° 12.2’ E. Solar 

radiation for the town was obtained from the NASA Surface Meteorology and 

Solar Energy website. The annual average solar radiation for Jinja town is 

kWh/m2/d. Figure shows solar resource profile for a period of one year.  

 
Figure 4.1.2: Radiation and Clearness Index 
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4.1.3 Wind Resource 
Using the coordinates for Jinja town, Latitude 0° 26.15’ N, Longitude 33° 12.2’ E, 

the wind speeds for the town were obtained from the NASA Surface Meteorology 

and Solar Energy website. The average annual wind speed for Jinja town is 3 

m/s. Figure shows wind resource data for a period of one year.  

 

 
Figure 4.1.3: Wind resource for Jinja Municipality 
 

 4.1.4 Biomass Resource 
Jinja town has a relative tonnage of biomass per hectare. However, In 

considering the biomass resource, a modest availability of 0.023 tons/ day was 

used. The reason for this was that converting agricultural land into land for 

growing biomass is not a practical way as it would not be sustainable.  

 

    
Figure 4.1.4: Biomass resource 
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4.1.5 Diesel Fuel Price 
The price for diesel fuel in Uganda is approx. 3,500 USHS per liter which is a 

season high and with no signs of going down anytime. This is equivalent to 1.2 

US$/ L.  This is considerably high for the average Ugandan whose relative 

source of income is not improving by any standards.  

 

4.1.6 Economics 
The real annual interest rate for Uganda is 24%. This interest rate is very high 

considering the relatively low income levels. 

 
4.2 SYSTEM COMPONENTS USED 
 
Table 4.2.1: Table showing values for system components used 
 

 Component  Size 
Capital 
Cost  

 Replacement 
Cost 

 O&M 
cost  Lifetime 

 PV panels  2 kW  $ 15,800  $ 15,800  0 20 years  
 SW AIR X 
(2) wind 
turbine  1 kW  $ 1,600  $ 1,300  $ 25  15 years 

 Generator 1  1 kW  $ 2,600  $ 2,600 
 0.07 
$/hr 

15,000 
hours  

 Generator 2  70 kW  $ 50,000 $ 50,000  2 $/ hr  
 15,000 
hours 

 Trojan T-105 
batteries 

 225 Ah/ 
6V  $ 270 $ 270  4 $/yr  

 845 kWh/ 
throughput 

 Convertor  1 kW  $1,200  $1,200  100 $/yr  15 years 
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 4.2.1 Equipment Considered 
 

 
Figure 4.2.1: Schematic showing the Energy system design 
 

 4.2.2 Constraints 
In using Homer software to carry out the analysis, a minimum renewable fraction 

of forty percent (40%) was set so that the results of the optimization using Homer 

would be for combinations with a renewable energy fraction of 40% minimum. 
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4.3 RESULTS AND DISCUSSION 
From the analysis, the result with the highest renewable fraction after 

optimization was selected. The renewable fraction that was obtained was 42% 

renewable. 

 

4.3.1 Cash flows 
From the graph, It can be seen that e greatest contributor to the Net present Cost 

($) is the diesel generator. This can be attributed to the high price of fuel; diesel. 

This is followed by the PV array, which is also attributed to the very high costs of 

the PV panels. The wind regimes in Jinja town are extremely low. This is why a 

relatively low cost type wind turbine was selected. More so, the SW AIR X wind 

turbine works well in areas of low wind regimes. Biomass resource is limited in 

Jinja town and as such didn’t have a significant contribution to electric 

production. 

 
Figure 4.3.1: Summary of the cash flow 
 

This energy hybrid design for Jinja own was made for a review period of twenty 

five years. Diesel fuel and PV array were the highest contributors to the operating 

costs for all the years. 



61 
 

 
   Figure 4.3.2: Cash flow and the salvage after 25 years 
 

4.3.2 Electricity production 
Renewable resources contributed up to a total of 42% to electricity production. In 

the hybrid energy system, the diesel generator provided the highest percentage, 

followed by the PV array. Due to the low wind regimes, the contribution of the 

wind turbine to the electricity production is majorly insignificant. 

 
Figure 4.3.3: Monthly average electric production 
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Table 4.3.1: Contribution of each system component to electric production 
 

Production kWh/yr % 
 PV array  9,262 31.90 
 Wind Turbine  66.6 0.23 
 Generator 1  16,888 58.16 
 Generator 2  2,822 9.72 
 TOTAL 29,038.6 100.00 

 

One critical part of the design was the amount of excess electricity and the unmet 

electric load as well as the shortage capacity. These parameters must be as low 

as possible, therefore the design was made so as to minimize on electricity 

wastage, and shortage capacity. 

 

4.3.3 PV Component 
High capital costs and replacement costs had a relative submerging effect on the 

contribution of PV arrays to electric production. 

 

Table 4.3.2: Key results for 1kW PV array 
Quantity Value Units 
Rated Capacity 6 kW 
Mean output 1.06 kW 
Mean output 25.40 kWh/day 
Capacity Factor 17.60 % 
Total Production 9,262.00 kWh/yr 
Minimum output - kW 
Maximum output 5.80 kW 
PV penetration 33.3 % 
Hours of 
Operation 4380 hr/yr 
Levelized Cost 1.25 $/kWh 

 

 

4.3.4 SW AIR X Wind Turbine 
This type of wind turbine has a relatively low cost and is suitable for areas with 

low wind speed regimes. Jinja Municipality has average wind speeds of 2.98 m/s, 

with wind penetration in electricity production at 0.23 %.  
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Table 4.3.3: Results for the SW AIR X wind turbine 
Quantity Value  Units 
Total Rated 
Capacity 0.4 kW 
Mean output 0.01 kW 
Capacity Factor 1.90 % 
Total production 66.60 kWh/yr
Minimum output - kW 
Maximum output 0.15 kW 
Wind penetration 0.24 % 
Hour of Operation 1402 hr/yr 
Levelized Cost 6.35 $/kWh 

 

 

4.3.5 Diesel Generator 
The diesel generator contributed the 58.16% of the electricity production. The 

marginal generation cost for the diesel generator was $0.300/kWh. Emission 

penalties for diesel generators or other power generating technologies are still 

non-existent in Uganda. The focus on environment effects due to developments 

is still on the back-foot. This further merits the use of diesel generators.  

 

Table 4.3.4: Results for the 2.5kW diesel generator 
Quantity Value  Units 
Hours of Operation 6,821 hr/yr 
Number of starts 923 starts/yr
Operational life 2.20 yr 
Capacity Factor 77.10 % 
Fixed generation cost 0.85 $/hr 
Marginal generation cost 0.30 $/kWh 
Electrical production 16,888 kWh/yr 
Mean Electrical output 2.48 kW  
Min. Electrical output 0.75 kW 
Max. electrical output 2.5 kW 
Fuel consumption 5,586 L/yr 
Specific Fuel 
Consumption 0.331 L/kWh 
Fuel Energy Input 54,971 kWh/yr 
Mean Electrical efficiency 30.7 % 
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4.3.6 Biogas Generator 
The biomass resource in Jinja Municipality is relatively low reaching 1000 tons/ 

hectare. As a result, we have the biogas generator contributing 2,822 kWh/yr, 

which is only 9.72% of the total electricity produced by the energy design system. 

 

Table 4.3.5: Results for 2kW biogas generator 
Quantity Value  Units 
Hours of Operation 1,441 hr/yr 
Number of starts 1,437 starts/yr
Operational life 10.40 yr 
Capacity Factor 16.10 % 
Fixed generation cost 0.19 $/hr 
Marginal generation cost 0.49 $/kWh 
Electrical production 2,822 kWh/yr 
Mean Electrical output 1.96 kW  
Min. Electrical output 0.6 kW 
Max. electrical output 2 kW 
Bio feedstock 
consumption 8.39 t/yr 
Specific Fuel 
Consumption 2.082 kg/kWh 
Fuel Energy Input 8,977 kWh/yr 
Mean Electrical efficiency 31.4 % 

 

 
4.3.7 Batteries ad Convertors 

Trojan T-105 batteries were chosen because they are a relatively cheap option. 

The batteries were important in storing electric power produced by the renewable 

energy resources during their peak periods, and thereafter discharge the power 

when required. 

 
4.3.8 Challenges faced 

 

The major challenge faced in the design was obtaining at least 40% renewable. 

The other challenge was in obtaining data to be used in Homer, as well as costs 

for the system components. 
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                                      CHAPTER FIVE 
 
5.0 CONCLUSION AND RECOMMENDATIONS 
 

The biogas generator did not contribute as much to the electric production in the 

design system as biomass resource, its main fuel, is limited in Jinja Municipality. 

Thus the potential of biomass is not sufficient enough to satisfy the entire 

consumption need of Jinja town. 

 

The solar resource is substantial in Jinja Municipality, but the PV did not 

penetrate as deep as the unit cost of the PV panels is still very high. 

 

The cost of energy of $ 1.163/ kWh is high for an ordinary citizen, and as such 

the government has to subsidize the cost to make it affordable to the habitants of 

Jinja Municipality. This is a project that the government has to undertake for 

different regions to ensure that load shedding comes to a halt, and also as a step 

in the right direction as to increase on the use of renewable energy for electric 

production in Uganda. The contribution of renewable energy to the country’s 

electric production being below 10%, a leap of RE contribution to 42% would be 

an improvement, with government having to undertake this project for different 

regions/ towns in the country. 
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                                        APENDICES 
 
Appendix A: Homer Input Data 
Homer Input Summary 

File name: 3kWic.hmr 

File version: 2.63 beta 

AC Load: Primary Load 1 
Data source: Synthetic 

Daily noise: 15% 

Hourly noise: 20% 

Scaled annual average: 76.3 kWh/d 

Scaled peak load: 10.5 kW 

Load factor: 0.303 
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PV 
Size (kW) Capital ($) Replacement 

($) 
O&M ($/yr) 

2 15,800 15,800 0 

 

Sizes to consider: 0, 1, 2, 3, 4 kW 

Lifetime: 20 yr 

Derating factor: 80% 

Tracking system: No Tracking 

Slope: 0.42 

Azimuth: 0 deg 

Ground reflectance: 20% 

 

Solar Resource 
 
Latitude: 0 degrees 26.15 minutes North 

Longitude: 33 degrees 12.2 minutes East 

Time Zone: GMT +3:00 

Data source: Synthetic 
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Month Clearness Index Average Radiation 
(kWh/m2/day) 

Jan 0.546 5.970 

Feb 0.610 5.900 

Mar 0.515 5.390 

Apr 0.484 4.960 

May 0.548 5.410 

Jun 0.413 5.330 

Jul 0.528 4.830 

Aug 0.466 4.760 

Sep 0.518 5.240 

Oct 0.584 5.630 

Nov 0.510 5.000 

Dec 0.514 5.180 

Scaled annual average: 5.3 kWh/m2/day 
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Solar Resource (Synthesized data) 

 

 

 

DC Wind Turbine: SW AIR X (2) 
Quantity Capital ($) Replacement 

($) 
O&M ($/yr) 

1 1,600 1,300 25 

Quantities to consider: 0, 1, 2 

Lifetime: 15 yrs 

Hub height: 10 m 
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Power Curve 
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Wind Resource 
Data source: Synthetic 

Month Wind Speed (m/s) 

Jan 2.9 

Feb 2.7 

Mar 3.3 

Apr 3.2 

May 2.8 

Jun 2.9 

Jul 3.0 

Aug 3.0 

Sep 3.1 

Oct 2.8 

Nov 2.9 

Dec 3.1 
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Wind Resource (Synthesized Data) 

 

Weibull k: 0.00 

Autocorrelation factor: 1.00 

Diurnal pattern strength: 0.00 

Hour of peak wind speed: 1 

Scaled annual average: 2.98 m/s 

Anemometer height: 50 m 

Altitude: 0 m 

Wind shear profile: Logarithmic 

Surface roughness length: 0.01 m 
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AC Generator: Generator 1 
 

Size (kW) Capital ($) Replacement 
($) 

O&M ($/hr) 

1 2,600 2,600 0.070 

Sizes to consider: 0.0, 2.5, 3.0 kW 

Lifetime: 15,000 hrs 

Min. Load ratio: 30% 

Heat recovery ratio: 0% 

Fuel used: Diesel 

Fuel Curve intercept: 0.08 L/hr/kW 

Fuel Curve slope: 0.25 L/hr/ kW 

Efficiency Curve 
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AC Generator: Generator 2 
Size (kW) Capital ($) Replacement 

($) 

O&M ($/hr) 

70 50,000 50,000 2 

Sizes to consider: 0, 2, 3 kW 

Lifetime: 15,000 hrs 

Min. Load ratio: 30% 

Heat recovery ratio: 0% 

Fuel used: Biomass 

Fuel curve intercept: 0.08 kg/hr/kW 

Fuel curve slope: 2 kg/hr/kW 

 Efficiency Curve 

 

 

 

 



78 
 

Fuel: Diesel 
 
Price: 1.2 US$/L 

Lower heating value: 43.2 MJ/kg 

Density; 820 kg/m3 

Carbon content: 88.0% 

Sulphur Content: 0.330% 

Biomass Resource 
 
Data source: Synthetic 

Month Available biomass (tonnes/day) 

Jan 0.023 

Feb 0.023 

Mar 0.023 

Apr 0.023 

May 0.023 

Jun 0.023 

Jul 0.023 

Aug 0.023 

Sep 0.023 

Oct 0.023 

Nov 0.023 

Dec 0.023 

Scaled annual average: 0.023 t/d 
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Average price: $170/t 

Carbon content: 5% 

Gasification ratio: 0.7 kg gas/ kg biomass 

LHV of biogas: 5.5MJ/kg 

 

Battery: Trojan T-105 
 

Quantity Capital ($) Replacement 
($) 

O&M ($/yr) 

1 270 270 4.00 

Quantities to consider: 0, 54, 56, 60, 120, 130, 135, 140 

Voltage: 6 V 

Nominal capacity: 225 Ah (1.35 kWh) 

Lifetime throughput: 845 kWh 

Convertor 
 

Quantity Capital ($) Replacement 
($) 

O&M 
($/yr) 

1 1,200 1,200 100 

Sizes to consider: 0.0, 1.0, 2.5, 3.0, 4.0 
kW 

Lifetime: 15 yrs 
Inverter efficiency: 90% 
Inverter can operate simultaneously with 
AC generator: Yes 

Rectifier relative capacity: 100% 
Rectifier efficiency: 85% 
Economics 
Annual real interest rate: 24% 
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Project lifetime: 25 yrs 
Capacity shortage penalty: $ 0/kWh
System fixed capital cost: $ 0 
System fixed O&M cost: $ 0/yr 
 
System control 
Check load following: No 
Check cycle charging: Yes 
Setpoint state of charge: 80%
Allow systems with multiple generators: Yes
Allow multiple generators to operate simultaneously: Yes
Allow systems with generator capacity less than peak load: Yes
 
Emissions 

Carbon monoxide penalty: $ 
0/t 

Carbon dioxide penalty: $ 
0/t 

Unburned hydrocarbons penalty: $ 0/t

Particulate matter penalty: $ 
0/t 

Sulfur dioxide penalty: $ 
0/t 

  
Constraints 
 
Maximum annual capacity shortage: 6%
Minimum renewable fraction: 40%  
Operating reserve as percentage of hourly load: 10%
Operating reserve as percentage of peak load: 0% 
Operating reserve as percentage of solar power output: 25%
Operating reserve as percentage of wind power output: 50%
 
 


