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ABSTRACT 

This thesis is a study on how Mutanda Eco-Community Centre (MECC) in the south western 

part of Uganda can harness the solar energy at their disposal using photovoltaic as compared to 

the using of conventional energies in producing the needed electricity at the centre and the 

impacts on climate change. Since the centre is used in education on climate change mitigation 

and adaptation measures, it is expected that anything the centre does or uses with regards to 

energy ought to come from renewable sources such as wind, solar, thermal and biomass. 

Electricity has been a great challenge because there is no access to the national electricity grid. 

Since there is much abundance of solar irradiation in the entire country, solar poses as a potential 

sustainable energy since it is a renewable energy and has the greatest environmental benefits. 

The objective is in two categories: to determine how feasible the photovoltaic technology is in 

Kisoro and its application at MECC and to analyse the effects on climate change with 

comparison with non-renewable sources of energy. To determine the above, both qualitative and 

quantitative methods were used. Results from the studies through the use of simulation method 

(PVGIS-5) indicate that Kisoro, where the centre is located, has solar irradiation to harness due 

to Uganda´s geographical location on the equator. Findings revealed there are feasible 

governmental and private policies, market for PVs systems, enough players in the Sector and the 

willingness of the people to adopt and use solar energy, and its markets economic studies do 

reveal to be the indicators for the feasibility of the technology in Kisoro. Corrections of a few 

bottlenecks will increase the adoption rate of the photovoltaic systems. An investment of 85,000, 

000 UGX will aid a financial benefit of 4,569.40 UGX per each kWh of electricity generated 

with 3.1years of Energy Payback Time and will prevent environmental pollution when compared 

with non-renewable energy. Climatic effects are minimal as compared to the other sources of 

energy. This greenhouse gases emission comes during the production of the PVs, modules and 

systems. The usage of solar technology possesses a lot of advantages. It is an unlimited source of 

energy; its maximum usage reduces carbon dioxide emissions. International conflicts of 

ownership of source of conventional energies are reduced and solar power creates energy 

security and dependency. 

Key words:  

Photovoltaic systems, renewable energy, payback time, LCA, Cost benefit analysis, solar 

energy policies, and irradiation. 

  



    ACKNOWELEDGEMENT 

 

 Firstly, l would like to thank my thesis supervisor Professor Inga Carlman of the Ecotechnology 

and Environmental Science Department at Mid Sweden University. The door to Mr. Andreas 

Andersson office was always open whenever I had difficulties about my research or writings. 

Both persons consistently allowed this paper to be my own work, but steered me in the right 

direction whenever they thought I needed it. I say thank you very much. 

  

I would also like to thank Sheba Hanyurwa, Festo Kamanzi and Godfred Habunmuremyi of 

Mutanda Eco-Community Center, all the experts in the photovoltaic system industry in Uganda 

especially Mr. Richard Walugembe and Mr. Moses Ojara of Uganda National Meteorological 

Authority who were involved in this research project. Without their passionate participation and 

input, this research could not have been conducted successfully. 

  

 I would like to express my very profound gratitude to my beloved family for providing me with 

unfailing support and continuous encouragement throughout my years of study and through the 

process of researching and writing this thesis. This accomplishment would not have been 

possible without you. I love you all and thank you very much. 

 

Finally, I would also want to dedicate this thesis in memory of the late Professor Morgan Fröling 

who happens to be my first supervisor until his untimely death. May His soul rest in perfect 

peace. 

 

  



ABBREVIATIONS 

PREEA potential renewable energies in east Africa 

IPCC Intergovernmental Panel on Climate Change 

UNEP United Nations Environmental Programme 

ICSU International Council for Science 

AfDB Africa Development Bank 

SSA Sub-Sahara Africa 

REN21 Renewable Energy Policy Network for 21
st

 Century  

PV Photovoltaic 

OPEC Organisation of the Petroleum Exporting Countries 

OECD Organisation for Economic Co-operation and Development  

REEEP Renewable Energy and Energy Efficiency Partnership 

IEA International Energy Agency 

UNIDO United Nations Industrial Development Organisation 

UBOS Uganda Bureau of Statistics 

MECC Mutanda Eco-Community Center 

PVGIS Photovoltaic Geographical information System 

UGX Uganda Shillings 

LCI Life Cycle Inventory 

LCA Life Cycle Assessment 

EIA Environmental Impact Assessment 

 

DEFINTIONS OF UNITS 

kWh One kilowatt-hour is defined as the energy consumed by power consumption of 1kW during 1 hour 

Wp It is the maximum amount of power a solar panel could produce in perfect conditions 

kWp/MWp The maximum power output of the PVs at Standard Test Conditions (STC) or at Ideal conditions 

m/s The distance an object travels in meters over a given period of time in seconds 

Global horizontal 
irradiation 

 The monthly sum of the solar radiation energy that hits one square meter of a horizontal plane  in 
kWh/m

2
. 

Direct normal 
irradiation 

The monthly sum of the solar radiation energy that hits one square meter of a plane always facing 
in the direction of the sun, measured in kWh/m

2
, including only the radiation arriving directly from 

the disc of the sun. 

Global irradiation, 
optimal angle 

The monthly sum of the solar radiation energy that hits one square meter of a plane facing in the 
direction of the equator, at the inclination angle that gives the highest annual irradiation in 
kWh/m

2
. 

Global irradiation, 
selected angle 

The monthly sum of the solar radiation energy that hits one square meter of a plane facing in the 
direction of the equator, at the inclination angle chosen by the user in kWh/m

2
. 
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1. INTRODUCTION 

1.1 Global Environmental Problems 

The terms global environmental problems and global environmental change refer to phenomena 

such as global warming, the extinction of species, deforestation, and desertification. Such 

phenomena are interpreted as indicators of an unsustainable lifestyle. (Intergovernmental Panel 

on Climate Change [IPCC], 2001; United Nations Environment Programme [UNEP], 2013). 

Considering this situation, the UNEP emphasizes that, “the next 30 years will be as crucial as the 

past 30 years for shaping the future of the environment. Old troubles will persist and fresh 

challenges will emerge as increasingly heavy demands are placed on resources that, in many 

cases, are already in a fragile state”. These global environmental problems are termed to be 

stressors. These stressors are “environmental conditions that the average person would perceive 

as actually or potentially threatening, damaging, harmful or depriving” (Evans G et al. 1996).  

1.1.2 Sustainable energy in sub-Sahara Africa 

Sustainable energy has been defined by Davidson (2002) as “energy providing affordable, 

accessible and reliable energy services that meet economic, social and environmental needs 

within the overall developmental context of the society for which the services are intended, while 

recognizing equitable distribution in meeting those needs”. Thus, sustainable energy refers to 

renewable energy sources (hydro, wind, wave, biofuel, geothermal, solar, tidal and biomass 

power) and technologies that enhance energy efficiency (UNEP, 2008; 2010; UNEP FI, 2012; 

ICSU, 2007; IPCC, 2011). 

The main energy source in Africa has been hydroelectricity as reported by The International 

Council for Science (ICSU) 2007 and United Nations Environmental Programme (UNEP) 2008. 

World Energy Council in 2010 published in their research report that, only 3% out of 11% of 

hydropower energy is utilized in Africa. However, Ganda (2014) concluded that, it has caused 

many social conflicts (if practised on a larger scale), environmental degradation as well as 

drought. Ganda (2014) recommended that, other renewable energy sources need to be integrated 

in many Sub-Sahara African (SSA) countries. For instance, rural areas in SSA (where 66% of the 

population lives) could be supplied with renewable energy systems that are decentralised and 

deployed in a modular structure, thereby providing the most appropriate energy source for both 
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small and off-grids by reducing high costs (AfDB,2010). Thus, REN21 (2010) explains that, off-

grid renewable energy frameworks are sustainable and are less expensive; hence rural areas in 

developing countries can significantly benefit from its network. Consequently, small and off-grid 

energy (for instance, roof top solar and heater systems) are significantly cheaper than large scale 

built energy networks (AfDB, 2008; Martinot et al., 2002). Thiam (2010) demonstrated that, 

research done in three rural regions of Senegal shows that, electricity generated from PV 

appliances produces less cost than electricity that comes by expanding grid networks.  

There is a growing demand for energy but fossil fuel has become very expensive as a result of its 

potential scarcity. For example, global energy needs are estimated to grow more than forty 

percent of the current levels by the year 2030 (OPEC, 2010), and 50% of that share will be from 

fossil fuels (OECD/IEA, 2010) and this demand is attributed to population increase globally. 

Existing technology can exploit the vast renewable energy potential that is found in most of the 

SSA’s countries (Deichmann et al., 2010). For example, daily solar irradiation ranges from 

4kWh/m
2
 to 6kWh/m

2
 in many regions of SSA (REEEP/UNIDO, 2011), and up to 9000MW of 

geothermal electricity can be generated in the Great Rift Valley (Holm et al., 2010; 

REEEP/UNIDO, 2011).  Wind energy can be generated in SSA’s coastal areas and the eastern 

highlands of countries such as Chad, Kenya, Mauritania, Cape Verde and Sudan, with generation 

potential of 10600 TWh per year (ICSU, 2007). Biomass electricity, through the usage of 30% of 

agricultural remains and 10% of wood residues from wood processing plants in SSA, has the 

potential to generate an additional 1500MW of power supply to the entire Africa continent 

(Dasappa, 2011). This indicates a great potential of renewable energy that can be utilized across 

the SSA region. Africa Development Bank (AfDB) (2010) suggested that, in breaking Africa´s 

energy deficit, adequate finance is important to maintain and operate current power facilities and 

extra funding would be crucial to support long-term investments in the energy sector. Hence, 

AfDB determined funds amounting to US$547 billion in investment will be required in attaining 

universal access to reliable and increasingly cleaner electric power in all the 53 countries on the 

African continent by 2030 (AfDB, 2008). Consequently, private entities have improved their 

engagement in sustainable energy activities in SSA by assuming crucial roles as debt and equity 

financiers, consultancy and establishing public-private partnerships (PPPs) (UNEP FI, 2012). 

Unite Nations Energy/Africa UNEA (2011), in its report cautioned that if investment and finance 
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cannot be increased in SSA power sectors, then half of the region’s population will not have 

electricity by 2030, and the rural population who use traditional energy sources will be the 

highest worldwide.  

1.1.3 Energy related problems in SSA 

Ganda (2014) explained that the following are problems affecting sustainable energy in SSA.  

Presence of monopoly structures in the energy Sector 

The energy sector in SSA is dominated by a responsible government parastatal that is usually a 

monopoly, highly inflexible and hardly gives the private sector access to energy markets since 

everything is centred on the central government.(Nkwetta et al. 2010; UNEP FI, 2012). Such a 

scenario in which everything is controlled and managed by government, energy prices are used 

for political gains with the attempt to  reduce and keep energy prices very low, which affects the 

financial status of the country’s energy sector, thereby creating unfavourable environments for 

private financiers’ engagement. Thus, the existing monopoly power sectors in most African 

countries that are not reformed have reduced competition from a number of rivals in the sector. 

UNIDO (2012) stated that, cost-effective tariff system without subsidies is hard to achieve, and it 

does not establish sound and amended electricity laws. Moreover, monopolism in the power 

sector has been characterised by insufficient supplies, expensive customer charges, and high 

power outages (Rambo, 2013). 

Continued employment of fossil fuel subsidies  

Globally, fossil fuel subsidy refers to government practices, which intends to minimise costs of 

fossil fuel energy generation, increase the price collected by power producers and minimise the 

price which consumers pay (Ganda 2014). Beck and Martinot (2004) stated that, fossil fuel 

subsidies exist in the form of research and development expenditure, leases, waste removal, tax 

incentives, liability insurance and specific budget transfers. Thus, through minimising the price 

of energy produced from fossil fuel energy sources, subsidizing fossil fuels are more 

economically viable when compared to renewable fuels (Ganda, 2014). Therefore, fossil fuel 

energy sources have continued to receive subsidies which make renewable energy generation 

very expensive in the short term and thus hard to implement on a larger scale. For example, in 

2009, a total of US$312 billion was spent on fossil fuel subsidies globally, whilst only US$57 

billion was spent for renewable energy sources (IEA, 2011). In addition, renewable energy has 



6 | P a g e  

 

been subsidised at US5c/kWh compared to just US0.8c/kWh for non-renewables, which 

inevitably increase greenhouse emissions (IEA, 2010). Hence, removing fossil fuel subsidies 

could lead to 10% minimisation in carbon emissions by 2050 (OECD, 2010). In addition, fossil 

fuel subsidies benefit high-income populations because of associated high consumption levels 

than the poor in developing countries (of the bottom 40% in income composition, only 15-20% 

received fossil fuel subsidies) (IEA,2010). Interestingly, renewable energy adoption is expected 

to cost US$36 billion by year 2030, yet this value is 8% less when compared to 2009 global 

subsidies for non-renewable energy (OECD/IEA, 2010). 

Large capital required to fund sustainable schemes 

Pegels (2009) explains that, renewable energy technologies in SSA will require an initial large 

capital base when compared with expenditure on already integrated technologies in operation in 

more developed economies. This according to UNEP FI (2012) possesses a high investment risk 

for SSA since few investors prefer initial capital investment in renewable technologies to that of 

operations expenditure. The IPCC report of 2011 emphasized that, the levelled cost of energy 

involved with integrating renewable energy systems are higher than conventional energy models. 

Fraunhofer (2012) demonstrated that, levelled cost of electricity for renewables depends on 

particular purchase investments for renewable technologies, local conditions, repair and 

maintenance expenses, life time of the project and financing options available for renewable 

energy adoption. In a related study, SSA countries´ energy frameworks (grid connection, 

infrastructure) are highly underdeveloped which makes it difficult to develop effective and 

dependable renewable energy systems (ODI, 2012). For instance, in 2009, SSA generated 

74GWh of energy from wave, wind, solar and tide systems in comparison to 51480GWh in 

OECD nations (IEA, 2011). In addition, AfDB (2010) argued that, providing electricity to 66% 

of the African people in rural areas requires large and expensive network and grid facilities. 

Low Carbon Risk  

In 2013, The Committee on Climate Change reported that, current investment practices that may 

be done in the search for decarbonizing the energy sector are likely to generate high electricity 

prices in the short run. This is evidential of Low Carbon Risk in SSA (UNEP FI, 2012). Low 

Carbon Risk means that, investments that have been designed for renewable energy adoption are 

highly vulnerable to become reversed or modified (Ganda 2014). Helm et al., (2003) highlighted 
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the main contributing factors to be change in public policy, alteration to timeframe of such 

projects and low commitment by responsible government or even, the loss of investor confidence 

as stated in Renewable Energy Focus (2010). 

High transaction costs  

Renewable costs have remained high for Africa since most of the technology is imported 

(Wamukonya, 2007).Transaction costs are expenses incurred through conducting business 

operations. Renewable energy schemes are generally small compared to traditional energy 

schemes, which considerably produce high transaction costs (UNEP FI, 2012). Renewable 

energy scheme demands crucial information on past weather elements such as rainfall, wind, 

humidity, sun’s radiation and temperature, which are highly unavailable in SSA countries since 

they are hardly recorded (UNEP FI,2012).The unavailability of such information is as a result of 

the poor quality and inaccessibility of data (Westemeyer et al. 2006).   Westemeyer et al. (2006) 

indicated further that, sub-Saharan Africa’s climate observation networks and systems are poor, 

particularly compared to Europe and North America’s, where networks and infrastructure are 

already in existence and operational, many of SSA’s are in relative decline due to lack of 

national and international leadership, investment and technical capacity. Moreover, Westemeyer 

et al. (2006) indicated that, there is inadequate capacity to interpret climate information and 

explain them. This affects the willingness from potential users to access, understand process and 

act on the information given all as a result of resources and technical constraints. This increases 

uncertainty of renewable energy performance in SSA, thereby changing into schemes needs extra 

time, require special attention and financing. These increases the transaction costs with high 

taxes relative to conventional energy projects (Beck and Martinot,2004). Thus, business 

operations in Africa that deal with renewables have been estimated to cost 20-30% more than 

other global developing regions (World Bank Group, 2005).  

1.1.4 Energy related problems in Uganda 

Uganda has very little or low levels of modern technology in its entire energy mix, since the 

energy sector of the country is under-developed. The country can boast of it’s fairly distribution 

of energy sources across the country. They include: hydro, geothermal, biomass, solar, peat and 

fossil fuels. Almost 93% of total energy consumption is obtained from biomass energy, which is 
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highly depended on both at the rural and some parts of urban areas for both cooking and water 

heating in most households, state owned institutions and commercial buildings. (UBOS 2012). 

There are several problems associated with the energy sector of Uganda. In 2013, Fortune of 

Africa, reported on the Energy Sector Profile in Uganda and stated the following as the major 

challenges facing the energy sector. There is the high upfront cost of renewable energy 

technologies making it expensive. The mobilisation of funds from both public and private sector 

takes some time. Moreover, the consultation processes for the development of energy with 

environmental groups takes quite some time before its realisation because of a lot of 

bureaucracies. The cost of finance of financing projects is high which result in the increase cost 

of the project and price of the energy. Institutional and legal weaknesses as well as human 

capacity with regards to downstream petrol industry, renewable energy, energy conservation and 

efficiencies have effects on the energy sector.   

1.2 Purpose and Research Questions 

The purpose of the study is to examine how Uganda as a country and MECC (Mutanda Eco-

Community centre) as an institution can contribute in curbing the situation of climate change 

with the sources of energy used in generating electricity. To answer the purpose of the study the 

following questions will be examined: 

 

 How are solar photovoltaics feasible in Uganda? 

 Compare the impacts of photovoltaic and conventional energies in generating electricity 

at Mutanda Eco-Community centre (MECC) in Kisoro.  

 What effects does the use of the PVs have on climate change?  

 

1.3 Methodology 

Below is an explained methodology that was used in getting the results for the research 

objectives. 

 

Firstly, general glances of literature analysis were carried at the initial stages to get a general 

scope of the thesis topic. To proceed further, one model was used. The Life Cycle Assessment 

tool. The life cycle assessments on photovoltaics were done through literature review which 
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forms the technical analysis. Wrisberg (2002) defined Life Cycle Assessment as an analytical 

tool used in specifying the environmental consequences of products or device from cradle to 

grave. This method was used to assess all the processes connected to the resources in building a 

PV System and its environmental related issues. An inventory was taken and the environmental 

effects determined through literature. Alternative sources of energies that are optionally realistic 

and can best be used as Best Available Technology (BAT) in producing electricity for Mutanda 

Eco-Community Centre in an environmental and sustainable manner was assessed.  The use of 

qualitative interviews was conducted on seven (7) key players in the photovoltaic industry in 

Uganda. These included retailers and distributors of PVs, batteries and the installation and 

maintenance of PVs. Three (3) persons who are in-charge of the day to day management of 

Mutanda Eco-Community Centre were also contacted and interviewed. 

 

A Simulation method (PVGIS-5) was used in assessing the estimated solar irradiations and 

potential electricity generation which aided in the economic calculations of both cost benefit 

analysis and payback time. PVGIS-5 is an online free solar photovoltaic energy simulation for 

stand-alone, connection to grid and off-grid PV systems in Europe, Africa and Asia. This online 

model estimates the solar electricity production of a photovoltaic (PV) system. It gives the 

annual power output of solar photovoltaic panels. As a photovoltaic Geographical Information 

System, it proposes a google map application that makes it easy to use. This application 

calculated the monthly and yearly potential electricity generation E [kWh] of a Photovoltaic 

system with defined modules tilt and orientations.  PVGIS-5 is a free solar PV energy calculator 

implemented by the JRC (Joint Research Center) from the European Commission's in-house 

science services.  The (carbonzero) calculator was used in calculating the carbon dioxide 

emissions of the conventional sources of energies used at the center. 

1.3.1 Cost benefit analysis 

This analysis is based on the economic life span of the PV system and describes the annual 

average cost of capital within a specific time of years at a given interest as explained by Ax. et 

al. (2011). This is computed into the Equations as shown below and presented by Ax. et al. 

(2011). The MECC would like to have an estimated investment for a period of 10 years. 

Basically, an interest of 5% is charged by most of the banks with regards to investment in 

renewable sources of energy. 
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(cost of investment * annuity factor)        + Operational Cost (0) = UGX/kWh 

Electricity production/yr……………… 1 

 

The annuity factor is represented by k 

k= p / 1-(1+p)
-n  

…………………... 2    
 

Where p = principal interest and n = period of years    

 

Basically, operating costs and degradation of the PVs are not included in the calculation and 

most often negligible.  

Thus computing into equation 2 above 

k= 5 / 1-(1+5)
-10  

      (from Ax.et al., 2011)  

                k= 5 

Cost of investment = 85,000,000 UGX (equivalent to 22,800 USD from Appendix 1) 

Electricity production = 13762 

Annuity factor 5 

Operational cost = 0 

Estimated energy production from the given PV system = 93010kWh/yr 

 

From equation 1 which is the cost benefit calculations, the above figures are computed into. 

(UGX 85,000,000 * 5yr)        + 0 = UGX/kWh 

93,010kWh/yr 

 

1.3.2 Energy payback time 

 The energy payback time is the years a PV system has to operate in order to recover the energy 

input, from the manufacturing of the modules and the energy requirement of the balance of 

system (BOS) (Peishi et al., 2017) .This is represented by the equation below. 

EPBT = Einput / Eoutput = ( EPV + EBOS) / Eoutput 

Where Einput = the energy input during the PV module life cycle from manufacturing , installation 

to energy needed for decommissioning with the BOS been the supporting structures such as the 

cabling, inverters, electronic components. Eoutput is the annual primary energy savings due to 

electricity generation by the PV system. (Kim HC et al., 2006).  the Einput is obtained from  
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Alsema and Wild-Scholten (2007)  Crystalline silicon was used in the simulation data. Work 

done by Alsema and Wild-Scholten explained that the total energy required for a unit area of a 

Silicon panel is 3210MJ and 270MJ for the frame of which Peishi et al. (2017) assumed it to be 

reduced now to 1000MJ. This also involves all the components of a PV system which has been 

summarized in a table below by Peishi et al. (2017). 

Component  Per unit (MJ/m2) 1-MW (MJ) 

Si feedstock production 1000 6.67×106  

Wafer process 550 3.6885×106 

Cell production  400 2.668×106 

Module assembly 500 3.335×106 

Frame 270 1.8×106 

Supporting + cabling 100 0.667×106 

Inverter 503MJ/kw*  (93.14 MJ/m2) 0.6213×106 

Transportation  13.9 0.1050525×106 

TOTAL  19.5548×106 

 

The annual average irradiation of MECC in Kisoro from the PGVIS-5 estimated to be 

2379kWh/m
2
/yr and a theoretical estimated energy conversion efficiency of 85%. Therefore for 

an estimated total surface area needed for the PVs, it is calculated from (YA, 2013) equation 

below. 

Total Power Output=Total Area x Solar Irradiance x Conversion Efficiency 

Total Area =        Total Power Output 

                    Solar Irradiance x Conversion Efficiency…………….. 3 

 

Where solar irradiance (S) = solar irradiance received per square meter of the given PV system 

Conversion efficiency (n) = the ratio of the total energy output and the total energy input  

Total power = (250W × 20 panels) …………………………from Appendix 1  

   = 5000W 

Solar irradiance = 2379kWh/m
2
/yr 

Energy conversion efficiency = 85% 
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Watt = 1000 ×E(kWh) / T (hr) 

1000 × 2379kWh / 8760 h 

2379000Wh / 8760 h 

271.57W 

 

Total Area =          5000W  

           271.57W/m
2
 x 0.85 

               = 21.66m
2  

 

Performance coefficient ratio = Actual yield     (annual production of electricity delivered)…….4 

   Expected yield (theoretical energy produced from light) 

 

PR       = 13762 

                                              34300 

     

 = 0.40 

 

Therefore Eoutput  = solar irradiance * area* performance ratio*energy conversion efficiency 

    

                   =  2379kWh/m
2
/yr × 21.66m

2 
×

 
0.40 ×85 

Since 2379kWh = 8564.4MJ 

                                        = 8564.4MJ/m
2
/yr × 21.66m

2 
×

 
0.40 ×85 

                     = 6.307 × 10
6
 MJ/yr 

 

EPBT =    Einput          

                 Eoutput 

 

 = 19.5548×10
6
 MJ 

     6.307 × 10
6
 MJ/yr 

 

1.4 Background of MECC 

The idea for a sustainable environment centre came up in 1998 with the main focus on education 

to benefit the local communities. An agreement was reached between a local non-governmental 

organisation in Kisoro named Amajambere Iwacu Community Group (AICG) and a local non-

governmental organisation in Sweden named MbiriMbiri Association (MMA), after an 

Environmental Assessment Report was done. The result from the assessment indicated that, there 

is high level of environmental degradation around Lake Mutanda. This gave birth to the rising 

need to create the awareness among the communities on environmental management and 
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conservation. Thus, the establishment of the Mutanda Eco-Community Centre (MECC). The 

main idea was to maximize tourism as a tool to enhance educational opportunities for the locals 

through revenue mobilization, which is used in organising workshops and training on both 

environmental conservation and climate change mitigation and adaptations measures. The major 

attractions for these tourists are the famous Mountain Gorillas and three of the eight Virunga 

Volcanoes: Muhabura (13,540ft above sea level), Gahinga (11,398ft) and Sabyinyo (11,954ft).  

The centre is located at the south shore of Lake Mutanda in the sub-county Nyakinama, which is 

a suburb of Kisoro District of Uganda. It is bordered at the north by Rukungiri District, east by 

Kabale District, Rwanda to the south and Congo to the west.  The major economic activities of 

the locals are agriculture, which is predominantly depended on by the inhabitants for survival, as 

well as fishing and a small group of people being blacksmiths.  

 
 
                                       Fig. 1 A view of Mutanda Eco-Community Centre. (MECC) 

1.4.1 The structure of MECC 

 One of the three interviewed persons in charge of the management of MECC explained that, the 

centre currently has ten blocks: 6 guest rooms, 1 restaurant, 1 conference hall, 1 kitchen and l 
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staff room with current staff strength of twenty (20). He further stated of an expected increase  in 

staff to 150 after the centre  has been expanded according to a project plan  which will have a 

lecture hall, study rooms, offices, large restaurant, improved kitchen, dormitories, family lodge, 

and extra staff building. This gives a picture of the current and future electricity demand for the 

centre. 

 

The centre has been able to host and have activities with students both locally and 

internationally. The management of MECC has plans of expansion of the structures of the centre 

with an estimation of hosting about 1,000 people on monthly basis both local and international 

guests. According to the 2014 census conducted in Uganda, Kisoro where the centre is located 

have a population of 43,091.  

 

 

Fig. 2 some structures at Mutanda Eco-Community Centre (MECC) 

1.4.2 Energy related problems in MECC 

An Officer at MECC explained that, since there is no electricity within the community, where 

the centre is located, the following sources of energy are used; petrol to generate electricity, 
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firewood for cooking, lanterns that uses kerosene to lit rooms and sometimes wax candles to lit 

rooms. The acquisition of these energies involves travelling far to get them and cost intensive 

dues to the inaccessibility of the fuel product and economic status of Kisoro. An observable 

perspective reveals that, electricity production at MECC could be done from sustainable energy 

alternatives of solar energy through solar cells, wind energy through wind pipes as well as 

biomass and other renewable energies. For a consistent and reliable electricity production, it is 

assumed that it must be produced in an environmental friendly manner to help curb global 

warming.   

 

In order to maintain sustainable development, regarding energy sources, l will be looking for 

environmentally friendly energies and below are the possible alternatives: 

 

Fossil fuel 

MEMD (Ministry of Energy and Mineral Development – Uganda) (2012) indicated that, annual 

consumption of petroleum products was 1.4 billion litres in 2012, and when compared to 2011, 

have increased by 13.9 %. The average annual growth of petroleum consumption is about 

7%.  In 2012, the import bill for petroleum and petroleum products was the highest, totaling 1.3 

billion US$ and accounting for 22.2 % of expenditure on formal imports (MEMD, 2012). The 

total amount of petroleum products imported in 2012 stood at 1.227 billion litres. The 

composition is as follows: Petrol (41.1%), Kerosene (6.1%), and diesel products (52.8%). 

Uganda imports all its petroleum products from overseas since there is no local production yet. 

MEMD in its strategic plan of 2014/2015 explained that, crude oil has been detected in six 

sedimentary basins in Uganda, the most prospective being the Albertine Graben covering 23,000 

km
2
 in the Western Rift Valley along Uganda’s Border with the Democratic Republic of Congo. 

Hoima basin and Lake Kyoga basins are both still undergoing exploration. Currently, the amount 

of oil discovered is about 6.5 billion barrels of which 1.4 billion barrels are recoverable. It is 

important to note that, only around 40% of the Albertine rift basin has been evaluated. This 

alternate is not sustainable since much money will be used in purchasing fuel as well as its 

scarcity and unsustainability in the future (MEMD 2015). 
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Wind energy 

The average wind speed in Uganda is about 3 m/s. In flatter areas especially around Lake 

Victoria and the Karamoja region as well as tops of hilly areas, the speed may go as high as 6 

m/s and above. This wind regime is good enough to generate a substantive amount of electricity 

in the country. However, these wind speeds have been recorded at low heights for purposes of 

predicting weather. No measurements have been made at appropriate heights of over 10 m which 

is the standard for wind turbine design, which would mean more electricity. A programme to that 

effect is being initiated under assistance from the African Development Bank and several private 

sector initiatives (MEMD, 2007). However, the above explains that, the wind resource may 

today be suitable for special applications, such as water pumping in remote areas and for small-

scale electricity generation in mountainous areas.  

 

Hydropower 

Reegle Energy Profile of Uganda (2015), indicated that, despite Uganda’s vast hydropower 

potential, estimated at 3000 MW, less than 10% is currently exploited. There are 3 major 

hydropower stations that feed the country with electricity. They include; Bujagali contributing 

36% with an installed capacity of 250MW of which 220MW are generated during peak hours. 

Kiira contributes 29% and Nalubaale contributes 26% with both having an installed capacity of 

200MW and 180MW respectively. A number of small hydropower plants, with total installed 

capacity of slightly over 15MW, are in operation in various parts of the country, with a further 

60 MW of projects in the development stage. An estimated 1,300 MW of large hydropower and 

51.7 MW of small-hydro capacity are yet to be developed in Uganda.  

 

An executive summary submitted by the Karuma Hydropower plant indicated an annual growing 

demand for electricity. To meet this growth in demand, about 20 MW of new generating capacity 

needs to be added each year. Given the large and growing gap between electricity supply and 

demand in Uganda, large-scale hydroelectric development is the most economical way forward 

for the country in the short and medium term. However, due to drought, only 135 MW is 

generated from the hydropower facility. The generation output might reduce to 80-90MW 

depending on the weather situation (Adeyemi K.O et al., 2014) as the challenges increases. 
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Solar energy 

According to Renewable Energy and Energy Efficiency Partnership (REEP) (2012) report on the 

energy status of Uganda, it indicated a visible solar data, which demonstrated high levels of solar 

energy throughout the year, both during rainy and sunny seasons. Figure 3 and 4 shows the 

annual global solar irradiation in Uganda and the monthly solar irradiation respectively. The 

figures 3 and 4 shows a peak solar radiation of 5–6 kW h/m
2
 /day on the horizontal surface, 

signifying an outstanding potential for solar energy use with a mean solar radiation of 5.1 kW 

h/m
2
 /day on a horizontal surface. REEP (2012) reported that, the country has a gross solar 

energy potential of about 11.98×10
8
 MWh/[day/year]. At an estimated conversion efficiency of 

10%, it is estimated that, this provides 11.98×10
7
 MWh of energy per [day/year] which means 

only 10% of the total energy is lost which is insignificant (Electricity Regulatory Authority 

(ERA) 2014). From Fig. 1, it ca be observed that, the highest potential can be located in the 

western and the north eastern part of Uganda with about 5.6 to 6.8 kW h/m
2
 /day. The northern, 

central and eastern part receives about 4.8 to 5.6kW h/m
2
/day.  Solar energy can be converted to 

electricity on and off-grid through photovoltaic or concentrated solar power (CSP) technology. 

Over 200,000 km
2
 of Uganda’s land area has solar irradiation exceeding 2,000 kWh/m

2
 /year 

(i.e.5.48 kWh/m
2
/day) and would be considered high potential for solar power investment 

(Hermann et al., 2014). This data can be used to enable proper selection, design and assessment 

of solar energy systems. 

Biomass 

The national Biomass Energy Demand strategy between the period of 2001 -2010 by the Energy 

and Minerals Division of Uganda Government reported that, Bioenergy, apart from hydropower, 

is considered to be the second significant pillar to secure energy supply, particularly in rural 

areas. MEMD (2007) further explained that, biomass contributes over 90% of the total energy 

consumed in the country and provides almost all the energy used to meet basic energy needs for 

cooking and water heating in rural areas, most urban households, institutions, and commercial 

buildings. The total biomass based cogeneration capacity potential for Uganda is estimated to be 

190 MW (The Potential of Renewable Energy in East Africa (PREEA) 2007). According to The 

Renewable Energy Policy for Uganda 2007, charcoal production and transportation are not 

properly regulated and they are disposed off through burning, without extracting the energy 

content, which is a common practice countrywide. 
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1.5 Solar Energy Radiations in Uganda 

 
  
Fig. 3 Global solar irradiation (MJ/m2) maps for Uganda. Source S.Twaha et al. Renewable and Sustainable 

Energy Review (2016). 
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                                  Fig 4 Global solar irradiation (MJ/m
2
) maps for Uganda.      
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1.6 Photovoltaics 

Photovoltaic is defined as the conversion of light into electricity using semiconducting 

materials that exhibit the photovoltaic effect. This photovoltaic effect is the creation 

of voltage and electric current in a material upon exposure to light. Askari M. Bagher et al. 

(2015) defined a solar cell, or photovoltaic cell, as an electrical device that converts the energy of 

light directly into electricity by the photovoltaic effect, which is a physical and chemical 

phenomenon. It is a form of photoelectric cell, defined as a device whose electrical 

characteristics, such as current, voltage, or resistance, vary when exposed to light. Solar cells are 

the building blocks of photovoltaic modules, otherwise known as solar panels. Solar cells are 

described as being photovoltaic irrespective of whether the source is sunlight or an artificial 

light. They are used as a photo detector (for example infrared detectors), detecting light or other 

electromagnetic radiation near the visible range, or measuring light intensity.  

 Askari M.Bagher et al. (2015) further explained that, the operation of a photovoltaic (PV) cell 

requires 3 basic attributes:  

1. The absorption of light, generating either electron-hole pairs or exactions.  

2. The separation of charge carriers of opposite types.  

3. The separate extraction of those carriers to an external circuit. 

 

There are different types of PV cells in the world, but basically only 3 were found on the market 

in Uganda during my research studies. They include monocrystalline, polycrystalline and 

amorphous. 

1.6.1 Armorphous 

Amorphous silicon (a-Si) is the non-crystalline form of silicon. It is used in powering some 

private homes, buildings, and remote facilities. Amorphous silicon panels are formed by vapor-

depositing a thin layer of silicon material – about 1 micrometer thick – on a substrate material 

such as glass or metal. Amorphous silicon can also be deposited at very low temperatures, as low 

as 75 degrees Celsius, which allows for deposition on plastic as well. In its simplest form, the 

cell structure has a single sequence of p-i-n layers. However, single layer cells suffer from 

significant degradation in their power output (in the range 15-35%) when exposed to the sun 

through Staebler-Wronski Effect mechanism. Thus Lewis M. Fraas et al. (2010) stated that, 

amorphous offers a high quantum efficiency which means the fraction of photon flux that 

https://en.wikipedia.org/wiki/Electricity
https://en.wikipedia.org/wiki/Semiconducting_material
https://en.wikipedia.org/wiki/Semiconducting_material
https://en.wikipedia.org/wiki/Photovoltaic_effect
https://en.wikipedia.org/wiki/Voltage
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Light
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contributes to photocurrent is high.  A better stability requires the use of thinner layers in order to 

increase the electric field strength across the material. However, this reduces light absorption, 

hence cell efficiency. Amorphous solar cells’ yield remains at around 7 percent. The low 

efficiency rate is partly due to the Staebler-Wronski effect, which manifests itself in the first 

hours when the panels are exposed to sunlight, and results in a decrease in the energy yield of an 

amorphous silicon panel from 10 percent to around 7 percent. The principal advantage of 

amorphous silicon solar cells is their lower manufacturing costs, which makes these cells very 

cost competitive (Askari M. Bagher et al., 2015).   

1.6.2 Polycrystalline 

Polycrystalline silicon, also called polysilicon or poly-Si, is a high purity, polycrystalline form of 

silicon, used as a raw material. Askari M. Bagher et al. (2015) explained that, Polycrystalline is 

produced from metallurgical grade silicon by a chemical purification process, called Siemens 

process. This process involves distillation of volatile silicon compounds and their decomposition 

into silicon at high temperatures and directly cast into polycrystalline ingots or submitted to a 

recrystallization process to grow single crystal boules. Polycrystalline solar cells are the most 

common type of solar cells in the fast-growing PV market and consume most of the worldwide 

produced polysilicon because they offers the low manufacturing cost while still maintain high 

conversion efficiency (Lewis M. Fraas et al., 2010). Lewis M. Fraas et al. (2010) further 

explained that polycrystalline cells also have lesser heat tolerance and operate a bit less 

efficiently at higher temperatures but yet they offer 13 to 16 percent efficiency as a result of the 

purity of the silicon. 

1.6.3 Monocrystalline  

Monocrystalline silicon (or "single-crystal silicon", "single-crystal Si", "mono c-Si", or just 

mono-Si) consists of silicon in which the crystal lattice of the entire solid is continuous, 

unbroken to its edges, and free of any grain boundaries. Mono-Si can be prepared intrinsic, 

consisting only of exceedingly pure silicon, or doped, containing very small quantities of other 

elements added to change its semiconducting properties. Most silicon mono crystals are grown 

by the Czochralski process into ingots of up to 2 meters in length and weighing several hundred 

kilograms. These cylinders are then sliced into thin wafers of a few hundred microns for further 

processing. Monocrystalline have high efficiency and performance as they are made of pure, 
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high-quality silicon and thus, its efficiency rate ranges from 15 to 20 percent. The 

monocrystalline panels are also space-efficient and durable. (Askari M. Bagher et al., 2015). 

Lewis M. Fraas et al. (2010) further explained their dominancy on today’s solar market by over 

85%. 

1.6.4 Storage systems 

For photovoltaic cells to work perfectly, storage systems are needed. Energysage (2018) reported 

on how to choose the best battery for a solar energy system and indicated that, several factors 

need to be considered during the selection of batteries. They include: the battery’s capacity & 

power ratings, depth of discharge (DoD), round-trip efficiency, warranty, and manufacturer. 

Capacity and power 

Capacity is the total amount of electricity that a solar battery can store, measured in kilowatt-

hours (kWh). Most solar batteries are designed to be “stackable,” that means that, multiple 

batteries can be added to solar-plus-storage system to get extra capacity. Yet, the capacity does 

not tell how much electricity the battery can give. This is determined by the battery power rating. 

A power rating is the amount of electricity that a battery can deliver at one time, which is 

measured in kilowatts (kW). A battery with a high capacity and a low power rating would deliver 

a low amount of electricity whereas a battery with low capacity and a high power rating could 

run for a few hours (Energysage 2018).  

Depth of Discharge (DoD) 

Most solar batteries need to retain some charge at all times due to their chemical composition. 

This affects its life span. The depth of discharge (DoD) of a battery refers to the amount of a 

battery’s capacity that has been used. Therefore, the higher the DoD, there is an indication that, a 

battery’s capacity can be utilized more (energysage 2018). 

Round-trip efficiency 

A battery’s round-trip efficiency represents the amount of energy that can be used as a 

percentage of the amount of energy that it took to store it. Thus, a 5 kWh of electricity stored in a 

battery and the output is 4 kWh of electricity, then the battery has 80 percent round-trip 

efficiency (4 kWh / 5 kWh = 80%) (energysage 2018). 
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PV System Batteries in Uganda 

There are two different storage batteries currently on the market of Uganda that was identified 

during my research study. They include: lead acid and lithium ion batteries. The lead acid 

battery is less expensive; it has a short life span and low DoD. They are easy to get on the 

market whiles lithium ion have high DoD and longer life span but expensive. 

 
                             Fig.5 Battery for a PV system on the market of Uganda 

 

1.6.5 Mounting of PVs 

Solangi et al. (2011) explained that, due to the growing demand for renewable energy sources, 

the manufacturing of photovoltaic arrays have advanced in recent years. These arrays are 

mounted on 2 different modes. This can be done with Building Integrated Photovoltaics (BIPV) 

or Building Application Photovoltaics (BAPV). 

Building integrated photovoltaic (bipv) 

Barkaszi et al. (2001) considered BIPV as functional part of the building structures or integrated 

in the building designs. They are aesthetically attractive if they are maintained well. Thus, BIPV 

serves two purposes: generating electricity and serving as a construction material. 

Building Application Photovoltaic (BAPV) 

BAPV are considered to be an add-on to a building, not directly related to the structure’s 

functional aspect (S.F Barkaszi et al., 2001). Therefore they rely on superstructure supports. Two 



25 | P a g e  

 

subcategories exist. They include stand-off, in which the PVs are mounted above the roof surface 

parallel to the slope of a pitched roof, and rack-mounted PVs, in which they are installed on flat 

roofs fashioned at an optimum orientation and tilt for the application.  

2. RESULTS 

2.1 Feasibility of Solar PVs  

From the research question 1, it can be found from data gathered that, the use of PVs are 

feasible. This indicates the potentials of using them among the total energy mix. This is as a 

result of the unharnessed solar radiation in the country.  The following feasibility factors were 

established: 

 the already existing market for the PVs 

 influx of solar energy players 

 existing government policies 

 willingness for the people to adopt the technology 

2.1.1 Policies 

The feasibility of this type of energy needs support and this have to come from policies put 

forward by the government. Uganda National Energy Policy (UNEP) (2002) was drafted to 

ensure that, the energy sector meets the energy needs of the populace for social and economic 

development in an environmentally sustainable manner of which Kisoro where the centre is 

located falls part of it. It also aims to improve governance in the energy sector and institute 

improved administrative procedures, and stimulate the economic development of the energy 

sector thereby minimising environmental impacts. This serves as the basis for the willingness of 

the government to ensure growth in the energy sector.  

This gave birth to the renewable energy policy, which was established in 2007 by the Ministry 

for Energy, Minerals and Development of Uganda (MEMD 2007). Its goal was to increase the 

use of renewable energy from the current 4% to about 61% of the total energy consumption by 

2017. The objectives were targeted on both affordable and reliable energy services as a 

contribution to poverty eradication. Moreover, the exemption of VAT (Value Added Tax) on 

some components of the whole solar systems boosted most investors in the industry to import 
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more and only pay for the import duties on those components. This was done under the East 

African Community Customs Management Act (2004).  

The introduction of Renewable Energy Feed-In Tariffs (REFiT) is used to promote and increase 

the amount of electricity generated from renewable sources, which provides all leveled cost of 

production for a guaranteed period of time. This is to promote the deployment of renewable 

energy that places an obligation on specific entities to purchase the output from qualifying 

renewable energy generators at pre-determined prices. Renewable Energy Feed-In Tariffs 

(REFiT) aims at encouraging and supporting greater private sector participation in power 

generation from renewable energy technologies through the establishment of an appropriate 

regulatory framework (Commission of European Communities (CEC) 2008). A private sector 

foundation was established and supported by the World Bank in Uganda under the theme 

“Lighting Africa”. This aimed at supporting interested individuals by paying off 50% of the total 

cost of acquiring a PV system and the remaining 50% to be paid by the government. This project 

duration could not meet the targeted group because for solar water heating systems, the policy 

ended within 2 years and for solar PV system it lasted for only 4 years. This timeframe was 

insufficient for both mass education and awareness and adoption of these systems because only 

few utilized the opportunity. 

2.1.2 Influx of solar energy players 

One of the key players of the PV business explained that, the purchase of genuine solar PVs must 

be guaranteed. This is because its cost intensive thus, one cannot afford to use large sums of 

money to get fake product. This was during the discovery of both mono and polycrystalline in 

Uganda. It was explained to me by 3 key players who are accredited by government in the PV 

System industry that, due to its expensive nature, people started introducing fake materials and 

components, which affected the durability of the PV systems. They further explained that, the 

PV systems began to fail thereby making people pessimistic. This caused people to keep away 

from the use of solar PVs form 2008 to 2012. They therefore accounted that, genuine and big 

companies started coming into the market from 2013 until date with long periods of warranty to 

rebuild the confidence for the use of solar energy as a source of green energy. This action is 

giving the needed results. 
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The accounts of these players as members of Uganda Solar Energy Association (USEA) have 

built confidence in both the government and the private sector in the solar energy industry. They 

explained to me on their frequent meetings with all stakeholders in finding ways of expanding 

the needed energy demand. Uganda National Renewable Energy Association (UNREA) reports 

of a steady and significant growth in uptake and usage of solar energy solutions over the past few 

years because of the increase in the number of players in the solar energy industry.   

2.1.3 Already existing market 

The market for PVs already existed from the early 2000s. Suntech Co. Ltd was the first company 

that started the market for PVs and was used by many Ugandans before the introduction of other 

companies.  It began collapsing when people started duplicating products from Suntech thereby, 

weakening costumer confidence due to fake products. Currently, the market has a lot of 

wholesale and retail suppliers. They include, African Energy, Solarpoint Uganda Ltd, Energy 

System Ltd, New Age Solar Technologies Ltd, New sun Ltd, UltraTec Ltd and Sb Solar 

Systems. Thus, the market to use PVs to serve as a green source of energy is right in the capital 

city since the above listed companies are accredited and are operating. This information was 

attained during one of my interviews with key players of the PV industry. 

2.1.4 Adoption rate 

Despite the immense benefit, which is associated with solar energy, the adoption rate in Kisoro is 

very slow basically because of the cost intensive nature of the whole system as explained by a 

key player in the industry during the research studies. Haar and Theyel (2006) explained that, the 

strongest driver for the adoption of a renewable source of energy is the political will in the form 

of tax incentives. The willingness to adapt to this technology by the people is highly anticipated 

but the cost drives them away. This is due to the fact that, most communities within the country 

do not have access to electricity. A key player in the industry further explained that, there are 

some areas in which it will take a very long period of time for them to be connected to the 

national hydropower grid. Thus, adopting a PV to generate electricity is the best option in the 

case of the centre. Haar and Theyel (2006) therefore stated that, the cost involved for an 

individual to connect to long distance electric grids puts them away and later resort to adopting 

PVs. 
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It was revealed by a key player that, currently, the adoption rate is increasing steadily as result of 

the introduction of pre-paid meters which makes getting electricity expensive hence; most 

individuals are switching form the use of hydropower electricity to the use of PVs to get 

electricity. This has been aided by the giving of soft loans by some of the banks in purchasing 

solar PV systems. 
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2.2 Comparison of PVs and Conventional Energies  

As part of the research, a comparison was done on both PVs and conventional energies for the 

generation of electricity at MECC and was categorised under energy production, consumption, 

storage, cost and impacts on the environment. 

Energy production 

Solar energy has been inexhaustible energy supply for billions of years and it requires a little or 

no infrastructure at MECC whereas fossil fuel is a limited resource which needs infrastructure 

development at the centre.  

Consumption 

MECC will therefore have consumer independence from energy markets as well as power grids 

whiles the consumption of fossil fuels depends on foreign policies and other factors that comes 

together to form the cost of a barrier or litres of a fossil fuel . 

Cost 

Fossil fuel plants or generator set is not as expensive as solar power systems. The fuel must be 

purchased before the plant or generator set can be used. The costs of the solar power are mostly 

upfront, whereas, fuel is free and the maintenance cost is very low as compared to fossil fuel 

plants or generator sets. 

Storage  

Solar energy is only available when the sun is shining i.e. during the daytime. Thus to make the 

energy more available at all times, the energy must be stored and there are significant batteries 

currently available at different prices. Storing fossil fuels needs special tanks since they are 

volatile. They further pose threats since it can burn out when fire gets near it. 

Impacts on the environment 

Energy production from solar energy does not produce sound or smell. Even tough some energy 

is expended during the manufacturing of solar energy systems; the environmental impact is 

extremely small as explained by Fthenakis (2004). The extraction, transportation and the 

combustion of fossil fuel produces environmental toxins into the atmosphere.  
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For the economic analysis, the total energy demand and the cash flow of the centre was 

established under table 1 and 2. This resulted in the estimation of the potential investment cost. 

 

Table 1: Energy Demand of MECC 

Item Quantity Watts Hours Time of day Energy 

Bulbs 45   7W 12hrs (43200s) Daily 13.61×106 J 

Laptops 8 65W 4hrs (14400s) Daily 7.49×106 J 

Mobile phones 33 10W 2hrs(7,200s) Daily 2.37×106 J 

Security lamps 15 27W 12hrs(43,200s) Daily 17.49×106 J 

small speakers 2 5W 8hrs(28,800s) Daily 2.88×105 J 

Hoofer 1 2W 8hrs( 28,800s) Daily 5.7×104 J 

Large speakers 3 30W 12hrs(43,200s) Saturday/Sunday 3.89×106 J 

Mixer 1 100W 12hrs(43,200s) Saturday/Sunday 4.32×106 J 

TOTAL     49.52×106 J 
 

The above table is a summary of the daily energy demand of MECC which was obtained during 

my research studies from an officer at MECC. It explains the quantity of electrical items used on 

daily basis. 

Table 2: Financial Cash Flow of MECC 

 

Average revenue UGX Annual expenditure UGX 

25,000,000 Salaries 8,400,000 

 Food items 8,000,000 

 Fuel 1,440,000 

 Maintenance 1,000,000 

 Balance 6,160,000 

 

The above table indicates the average revenue from MECC and how monies are spent on various 

items for the functioning of the centre. Four major expenditures are undertaken on yearly basis. 

They include: staff emolument, purchase of food items, fuel to be used in generator set to 

generate electricity, and the general maintenance of the centre. 

2.3 Investment 

The investment of PV system by the MECC depended on various factors. They included the 

energy demand of the centre, the cost of PV system materials as well as the type of PVs and 

supporting maintenance systems. This basically depends on the company providing the service. 

An estimated amount of 85 million UGX equivalents to 22,788.33 USD was projected to be used 

for a PV system installation see Appendix 1. Appendix 1 explains a preliminary quotation of the 
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total energy demand of MECC. Its corresponding cost of acquiring a photovoltaic system for the 

centre. Appendix 1 further explains the required items needed and the total price for such an 

acquisition. 

Results from the PVGIS-5 showed the values for the estimated monthly average solar 

irradiations of Kisoro which are shown in table 3 and figure 6 and the factors that affects the 

values in table 4 and 5 and figure 7 and 8. The Global optimal angle is the monthly sum of solar 

radiation energy that hits one square meter of a plane facing in the direction of the equator at an 

angle that gives the highest annual irradiation in kWh/m
2
.  

The estimated performances of off-grid PV system are shown in table 6 and fig. 9. The estimated 

monthly energy outputs on a square meter of received global irradiation for a given tracking PV 

system is shown in table 7 and fig. 10 and 11. The estimated values and figures were generated 

from 2016, which is the current and updated year on the PVGIS-5. The values computed resulted 

in a cost benefit analysis of 4,569.90 UGX per each kWh of electricity generated with a payback 

time of 3.1years from the estimated investment cost.  

 

Table 3: PVGIS-5 Estimates of long-term monthly averages of solar irradiations of Kisoro 

 
 

Month GHI DNI GOAI GUR 

Jan 133 82 129 35.30 

Feb 152 113 148 32.50 

Mar 176 138 174 44.40 

Apr 141 99 143 68.50 

May 167 146 173 10.10 

Jun 163 162 172 115.00 

Jul 175 175 183 119.00 

Aug 192 193 198 98.20 

Sep 151 115 151 55.10 

Oct 158 115 155 32.30 

Nov 130 78 126 33.40 

Dec 157 120 150 35.60 

Year 1895 1536 1902 679.30 

 

Table 3 shows the various solar irradiations from the simulation PVGIS-5 for Kisoro where the 

GHI:  Global Horizontal Irradiation  

(kWh/m
2
) 

DNI: Direct Normal Irradiation  

(kWh/m
2
) 

GOAI: Global Optimum Angle 

Irradiation  (kWh/m
2
) 

GUR: Global Irradiation at User Angle of 

90 ̊(kWh/ m
2
) 
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centre is located for the year 2016. Two factors contribute to the solar irradiation. They include: 

temperature and diffuse global ratio. These are therefore shown in tables 4 and 5 and figures 7 

and 8. They represent the monthly average for the recorded year of 2016.the resulting monthly 

estimated solar irradiation is shown in Figure 6.  

 

 
 
                                       Fig.6 Monthly estimated solar irradiation for Kisoro 

 

 

Table 4: Monthly Average Temperature 

 

Month  Temperature (̊C) 

January  17.4 

February 18.6 

March 18.9 

April 17.5 

May 17.8 

June 17.5 

July 18.3 

August 18.9 

September 18.8 

October 18.6 

November 17.0 

December 17.1 
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                   Fig.7  Monthly average temperature related to the solar irradiation 

 

Table 5: Monthly average diffuse to global ratio 

Months  Global ratio  

January 0.58 

February 0.47 

March 0.42 

April 0.49 

May 0.35 

June 0.32 

July 0.33 

August 0.29 

September 0.45 

October 0.45 

November  0.56 

December 0.50 
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                                 Fig 8 monthly average diffuse to global ratio 

The above figure shows the monthly average diffuse to global ratio for the year 2016 for Kisoro. 

The diffuse to global ratio depends on the ground reflection and obstructions of the horizons and 

once it’s established through measurement, it persists throughout the day. 

2.3.1 Performance of Off-Grid –connected PV Systems 

The below inputs were computed into the simulation PVGIS-5 to generate the estimated energy 

production and the energy that are not captured with a given PV system.  

Inputs 

Latitude/Longitude: -1.283, 29.690 

Horizon: Calculated 

Database used: PVGIS-CMSAF 

PV installed: 5000 Wp 

Battery capacity: 36960 Wh 

Consumption per day: 13756 Wh  

Cutoff limit: 20 % 

Slope angle: 20 ° 

Azimuth angle 0 ° 

Simulation outputs 

Percentage days with full battery: 56.3 % 

Percentage days with empty battery: 1.26 % 
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Average energy not captured: 4746.38 Wh 

Average energy missing: 1799.23 Wh 

Table 6: Estimated electricity production from the given PV system 

Month Ed Em El Elm Ff Fe 

January 13915.50 431380.50 4798.90 148765.90 71 0 

February 13656.25 382375.00 4369.70 122351.60 65 0 

March 13656.88 423363.28 2988.00 92628.00 57 3 

April 13817.66 414529.80 1554.30 46629.00 47 0 

May 13601.93 421659.83 810.60 25128.60 26 4 

June 13729.00 411870.00 1508.80 45264.00 53 3 

July 13865.29 429823.99 2032.80 63016.80 70 0 

August 13709.26 424987.06 2518.00 78058.00 57 3 

September 13759.41 412782.30 2808.60 84258.00 52 0 

October 13719.84 425315.04 3165.10 98118.10 59 0 

November 13813.76 414412.80 2957.80 88734.00 65 0 

December 13442.59 416720.29 2643.50 81948.50 54 3 

Total for the year  5009219.89  974900.50   
 

Ed: Average energy production per day [Wh/day]. 

Em: Average energy production per month [Wh/mon] 

El: Average energy not captured per day [Wh/day]. 

Elm: Average energy not captured per month [Wh/mon] 

Ff: percentage of days when battery became full [%]. 

Fe: percentage of days when battery became empty [%]. 

 

 
 Fig.9  Power production estimates from off-grid PV systems 
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2.3.2 Performance of a Tracking PV given system 

Below is the estimated result for a 2-axis tracking PV which produced the monthly 

average energy output and the average sum of global irradiation per square metre of the 

module of the given PV system. 

Provided inputs:                                                                  Simulation outputs: 

Latitude/Longitude: -1.283, 29.690                                      Slope angle [°]: 0 

Horizon: Calculated                                                              Yearly PV energy production [kWh]: 93010 

Database used: PVGIS-CMSAF                                           Yearly in-plane irradiation [kWh/m²]: 2379 

PV technology: Crystalline silicon                                       Year to year variability [%]: 2670.0 

PV installed: 50 kWp                                                           Angle of incidence [%]: 1.8 

System loss: 14                                                                     Spectral effects [%]: 0.8 

                                                                                              Temp. and low irradiance [%]: 8.2 

                                                                                              Total loss [%]: 21.9 

 
2- Axis tracking PV. 

 

 

 

Table 7: Estimated monthly energy output for tracking PV System 
 

Month Em Hm SDm 

January 7640 198 982 

February 6900 179 784 

March 7470 192 712 

April 7290 185 656 

May 8370 211 591 

June 8830 224 978 

July 9620 245 905 

August 8760 223 999 

September 7490 192 495 

October  7130 184 532 

November 6480 166 350 

December 7030 180 675 

TOTAL 93010 2379  
 

 

Em: Average monthly electricity production from the given system [kWh]. 

Hm: Average monthly sum of global irradiation per square meter received by the modules of the given 

system [kWh/m²]. 

SDm: Standard deviation of the monthly electricity production due to year-to-year variation [kWh]. 
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                        Fig. 10  Monthly in-plane irradiation from the given PV system 

 

 

 

 
 

                        Fig. 11 Monthly energy output from the given PV system. 
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The above Figure 10 and 11 illustrates the monthly in-plane solar irradiation and the monthly 

energy output with the simulation PVGIS-5 per square metre of the given module of the PV 

system.  

 

2.4 PVs Effects on Climate Change   

2.4.1 LCA of photovoltaic cells 

This Life cycle assessment is done to basically quantify the environmental profile of PVs as 

compared to the use of conventional forms of energy. Life cycle assessment ensures a 

comprehensive cradle to grave account of a life cycle of a product. In the following model, flow 

of life-cycle stages, energy, materials and effluent for PV systems are shown in Figure 13.  

European Commission (2003) and Australian Coal Industry Association Research Programme 

(ACARP) (2004) have written reports that indicated that, photovoltaic cells have relatively high 

environmental impact with regards to greenhouse gases emissions compared with other 

technologies. The reports further indicated that, greenhouse gas (GHG) emissions of 180 g CO2-

eq./kWh are released in Germany and 100 g CO2-eq/kWh released in Australia, which is 10 and 

2.5 times higher than the GHG emissions of the nuclear-fuel cycle for each country respectively, 

and  45%    and 23% of combined cycle (CC) natural-gas power generation in the same country 

since they are the leading manufacturers of PVs. These increases in the GHG emissions are as a 

result of the use of fossil fuel in the manufacturing of PVs.  

      
 

Fig. 13 Materials and Energy Input LCA of PVs. Source: V.M. Fthenakis, H.C. Kim / Solar Energy 85 (2011) 

1609–1628 
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Fthenakis et al. (2011) explained in details (see Fig 12) that quartz sand for silicon PVs are 

mined, further processed and purified to achieve the required high purities, which typically 

entails large amount of energy consumption. The silica in the quartz sand undergoes arc furnace 

to metallurgical-grade silicon, which must further be purified into solar silicon (>99.9999%).  

This data is obtained through Life cycle inventory (LCI) from both European and US 

photovoltaic companies that participated in the European Commission’s Crystal Clear Project 

and was published by Fhenakis and Alsema (2006). The raw materials include those for 

encapsulations and balance-of-system components, for example, silica for glass, copper ore for 

cables, and iron and zinc ores for mounting structures.  

 

The manufacture of a bulk silicon PV device is divided into several steps, that is; wafer, cell, and 

module. In the wafer stage, solar-grade polycrystalline or single-crystal silicon ingots are sliced 

into ~0.2 mm thick wafers. During the cell stage, a p-n junction is formed by dopant diffusion 

and electric circuit is created by applying and sintering metallization pastes. In the module stage, 

cells are connected physically and electronically, and encapsulated by glasses and plastics. 

(Fthenakis et al., 2011). 

 

The manufacturing stage was explained by Fthenakis et al. (2011) to be relatively simple for 

thin-film PVs, which typically rely on a series of semiconductor layer deposition followed by 

module fabrication steps (e.g., encapsulation) similar to those for silicon PVs. During the PV 

system installation stage, support structures are erected, PV systems are mounted, and PV 

modules, cables, and power conditioning equipment are integrated. At the end of their lifetime, 

PV systems are decommissioned and disposed with valuable parts and materials recycled. The 

lifecycle of photovoltaic cells involves four processes which includes; i) production of raw 

materials, ii) processing and purification, iii) manufacturing of modules and balance of systems 

(BOS) components, iv) the installation and use of the system v) their decommissioning and 

disposal. (Fthenakis et al., 2011).    

2.5 Life Cycle Inventory and Risk Analysis 

2.5.1 Modules 

Alsema and de Wild-Schotlen (2005) updated the life-cycle inventory (LCI) and reported that, 

the typical thickness of a multi and mono silicon PV is 270-300µm and that of ribbon-silicon is 



40 | P a g e  

 

300-330 µ: 72 individual cells of 156 cm
2
 (125 cm _ 125 cm) comprise a module of 1.25 m

2
 for 

all Si-PV types. The conversion efficiency of ribbon-, multi-, and mono-Si module is 11.5%, 

13.2%, and 14.0%, respectively. The purification of the solar-grade polysilicon is done either 

with a silane (SiH4) or trichlorosilane (SiHCl3)-based process with energy as an important 

requisite for the purification step for crystalline Si-PV modules, which accounts for 45% of the 

primary energy used for fabricating multi-Si modules. It was further explained that, two 

technologies are currently employed for producing polysilicon from silicon gases: the Siemens 

reactor method and the fluidized bed reactor (FBR) method. The Siemens reactor method   

accounts for the majority ( ̴ 90% in 2004) of solar-grade silicon production in the US, silane- or 

trichlorosilane-gas is introduced into a thermal decomposition furnace (reactor) with high 

temperature ( ̴ 1100–1200 ̊C) polysilicon rods (Aulich and Schulze,2002; Woditsch and Koch, 

2002; Maycock, 2005). The silicon rods grow as silicon atoms in the gas deposit onto them, up to 

150 mm in diameter and up to 150 cm in length (Aulich and Schulze, 2002). The siemen reactor 

method primarily produces the electronic-grade silicon with a purity of over nine 9 s, while the 

fluid bed reactor method produces the solar-grade silicon with a purity of six to eight 9 s, 

consuming less energy than the siemen reactor method (Williams, 2000). The scenario, involving 

the scrap silicon from electronic- grade silicon production, is not considered as the market share 

of this material accounts for only 5% in 2005 (Rogol, 2005). 

2.5.2 Balance of System (BOS) 

Currently, the solar cells are either mounted on top of a roof or mounted on the ground. A proper 

balancing is needed to operate them. These balancing include inverters, wires, batteries, battery 

chargers and mounting systems. Alsema and de Wild-Scholten (2005): Fthenakis and Kim, 

(2005), indicated that, silicon modules need an aluminium fame of 3.8 kg/m
2
 for structural 

robustness and easy installation, while a glass backing performs the same functions for the CdTe 

PV produced in the US. A typical BOS of a rooftop application has inverters, mounting 

structures cables and converters whiles a ground PV application requires added facilities. 

Two classes of rooftop-mounting systems were studied by de Wild-Scholten et al. (2006) and 

based it on mc-Si-PV system named SolarWorld SW220 (1001mm ×1675mm), 220Wp. These 

were on-roofing mounting whereby the system builds on existing roofing materials and in-

roofing mounting whereby the modules replace the roofing tiles. He further explained that, the 

in-roofing is better due to its energy and material usage.  
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The greenhouse-gas (GHG) emissions during the lifecycle stages of a PV system are estimated as 

a CO2-equivalent using an integrated time horizon of 100 years; the major emissions included as 

GHG emissions are CO2 (GWP2 = 1), CH4 (GWP = 23), N2O (GWP = 296), and 

chlorofluorocarbons (GWP = 4600–10,600) (International Panel on Climate Change, 2001). 

Nevertheless, electricity and fuel used during the PV materials and module production are the 

main sources of the GHG emissions for PV cycles. Upstream electricity-generation methods also 

play an important role in determining the total GHG emissions. 

 

Alsema and de Wild-Scholten (2005) demonstrated that, the lifecycle primary energy and 

greenhouse-gas emissions of complete rooftop Si-PV systems from material-inventory data were 

lower than those reported in earlier studies. They explained that, Primary energy consumption is 

2300, 3700, and 4200 MJ/m2, respectively, for ribbon-, multi-, and mono-Si modules. A similar 

report was made by Fthenakis and Alsema (2006)  that, the GHG emissions of Si modules 

corresponding to 2004–2005 production were within a 30–45 g CO2-eq./ kWh range, with an 

EPBT of 1.7–2.7 years for a rooftop application under Southern European insolation of 1700 

kWh/m2/year and a performance ratio3 (PR) of 0.75. It was noted that, BOS for rooftop 

application accounts for 4.5–5 g CO2-eq./kWh of GHG emissions and 0.3 years of EPBT. For 

ground mounting PV systems, Fthenakis and Kim, (2005) explained that, for an average 1800 

kWh/m2/year PV module, 24 g CO2-eq./kWh and 1.1 years were determined. These estimates 

include 6 g CO2-eq. / kWh of GHG and 0.3 year of EPBT contribution from the ground-mounted 

BOS.  

2.5.3 Emission of pollutants 

The GHG emissions are accounted for during the material and device production in the PV 

cycles. These pollutants are largely proportional to the amount of fossil fuel during the various 

stages. These pollutants may be toxic gases, and heavy metals such as arsenic and cadmium 

which are released in both direct and indirect forms. For example, during the production of zinc 

and lead, cadmium becomes a by-product during the purification process and a total of 0.02g per 

GWh of PV-produced energy under southern European conditions (Fthenakis, 2004.). This 

emission is negligible during the lifespan of a finished product unless there is a fire outbreak. 

Cadmium is also evident from coal and oil-fired power plants during its operations. According to 
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EPRI (2002), a total of 2 and 7g of cd/GWh are released into the air during the burning of coal to 

generate electricity, whereas electricity production during heavy oil burning plants releases an 

estimated 12-14 times higher of cadmium of what coal produces into the air. Fthenakis et al 

(2008) compared the complete life-cycle atmospheric Cd emission ( adding of both electricity 

and fuel demand) associated with manufacturing and materials production for various PV 

modules and balance of system (BOS), with the emissions from other electricity-generating 

technologies and concluded that, CdTe PV marked the lower amount of cadmium released into 

the air. Thus for every GWh of electricity generated by CdTe PV modules, an amount of 5g of 

cadmium emission is prevented. 

2.6 Life Cycle Risk Analysis 

For the acceptance of the PV technology, issues of leakages, explosion and release of toxic 

particles must be addressed. Fewer injuries have been recorded by the PV industry as compared 

to the other energy sector.  Fthenakis (2003) explained that, the greatest potential risks of the PV 

life cycle involve the toxic and flammable chemicals used for producing PV materials and for 

manufacturing modules and further elaborated that, the risks of potential accidents during 

installation, operation. Disposing/recycling PV modules may be negligible, as chemical usages 

are little or unnecessary. Risks of unexpected events or those triggered by human errors are 

impossible to fully account for (Linnerooth-Bayer and Wahlström, 1991; Nuclear Energy 

Agency, 1992). This is because comparing the fatalities and injury rates across conventional 

electricity technologies and PV technologies with regards to database, the expected risk in PVs 

are lower than other technologies and therefore the Probabilistic Safety Inventories (PSI) of PVs 

are estimated from data from the chemical industries handling substances used in the PV cycle.   

Currently, the PV technology is reportedly safer compared to other technologies and it is 

expected that, the levels will be the same unless there is a change in the PV production 

technologies. (Fthenakis et al., 2011). 

2.7 Conventional Energies Effect on Climate Change. 

From the cash flow from Mutanda Eco-Community centre a total of 1,400,000 UGX was 

estimated to be averagely used yearly in purchasing diesel in powering the generator to provide 

electricity for the centre. 
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Diesel 

1 litre (diesel) = 2,500UGX 

Therefore 1,200,000UGX ~ 480 litres of diesel. 

With the aid of carbonzero calculator, a total of 1.29 tons of CO2-eq. / kWh is estimated to be 

released into the atmosphere. Since Global Warming Potential (GWP) of CO2 is 1 

Kerosene 

For kerosene, an amount of 200,000UGX was estimated to be used in powering the lanterns to 

produce light. 

1 litre (kerosene) = 2,000UGX 

Therefore 200,000UGX ~ 100 litres of kerosene. 

With the aid of international carbonzero calculator, a total of 0.27 tons of CO2-eq. / kWh is 

estimated to be released into the atmosphere. 

Firewood 

Firewood which is used in cooking are basically obtained from the forest within Kisoro. It was 

estimated that a total of 5kgs of firewood is used on weekly basis. 

This implies for 4 weeks =20kg 

Yearly basis, 12 months × 240kg 

240kg used. 

It is estimated that burning of 1kg of dry wood (firewood) release 1.833 kg CO2-eq. / kWh 

Thus 240kg × 1.833 kg CO2-eq. / kWh = 439.2kg CO2-eq. / kWh which is equivalent to 0.44 

tons CO2-eq. / kWh. 

 

For the total amount of CO2-eq. / kWh released into the atmosphere from the centre estimated on 

yearly basis is: 

1.29 tons CO2-eq. / kWh 

0.27 tons CO2-eq. / kWh 

0.44 tons CO2-eq. / kWh 

Total = 2.0 tons CO2-eq. / kWh. 
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3. DISCUSSION 

3.1 The Feasibility of PVs in Kisoro 

Since there is potential of free solar energy for harnessing in Uganda, there are a number of 

challenges that when solved adequately will help the solar energy to be harnessed. 

Since the confidence of the use of PVs has been boasted by the introduction of well accredited 

PV System companies by the government, some individuals basically locals continuously trade 

in unoriginal PVs. A 100% blockage of this action of flooding the market with unoriginal PVs by 

the government by arresting and prosecuting culprits will go a long way to help the industry to 

grow and the continuous usage of the PV System will increase the percentage of solar energy to 

the energy mix of the country. Most of the wholesale and retail companies are in the capital city. 

This makes access difficult for individuals in the rural areas.  The decentralisation of the PV 

products by the companies to the locals in the rural areas will increase the adoption rate. This is 

because people who are in the rural areas have to travel long distance most often to get access to 

the PVs and most often feel discouraged. The major challenge with PV Systems is their cost. 

Purchasing PVs is expensive for a lower income earner but affordable for both the middle and 

higher income earners. Majority of Ugandans are in the lower income earner category and are the 

same people who have no access to electricity. If government and donor agencies can come 

together with more financial assistance or aids as well as programmes targeted to ease the 

financial stress on the citizens to acquire PVs, it will motivate the adoption rate and add up to the 

use of solar energy to the national energy mix. Since the inception of the use of PV Systems, the 

technical aspect has been a major challenge. The country can boast of only a few of 20 well 

trained experts in solar energy systems as explained by a key player in the industry. The chucks 

of technicians are made of apprentices, who in several occasion do installations and maintenance 

wrongly or inadequately. The bridging of this gap will see to light the use of PVs since many 

people will not have problems with their systems. The overcoming of theft cases will aid in the 

use of PVs as a technology to harness solar energy. During the early days of the introduction of 

the PV technology into the country, people used to put their panels on their roof. They got stolen 

the following day. This discouraged a number of people in acquiring and adapting to this type of 

technology. Streetlights, which used PVs to generate electricity, were also taking off by 



45 | P a g e  

 

individuals. The fear still lingers on and it must be ripped off to see the improvement and 

increase in the use of solar as a source of green energy. 

3.2 Comparison of Electricity Generation at MECC 

The comparison of electricity generation at MECC deals with both PVs and conventional 

energies. Fig 5 shows the results of the monthly solar radiation values for Kisoro where the 

centre is located with the simulation PVGIS-5 for the year 2016, which is the nearest year that 

could be used in the model.  

It can be deduced from table 3 that the difference between the irradiation from the horizontal and 

optimal angle are with different values ranging from 2 to 20 kWh/m
2
 , which can be seen from 

Fig 6. This is as a result of factors such as wind and temperature as shown by Fig 7 and 8. Thus, 

a higher temperature aids in a higher yield of solar irradiations that is, the lower the diffuse ratio 

the higher the solar radiation energy. Since the area is close to the equator with a horizon without 

significant obstacles, the horizontal plane seems the optimal plane for optimizing the received 

solar irradiation that enhances the best performance of the PV system. The irradiation values for 

optimal angle started rising in January to March and declined in April and again raised until 

August and sharply declined until December with a total annual value of 1902kWh/m
2
/year, 

which was higher than that of the horizontal irradiation with an annual value of 

1895kWh/m
2
/year.  The direct nominal irradiation took the pattern of both optimal and 

horizontal but had less low values with the selected user angel producing the least form of solar 

irradiations.   

The calculation for the off-grid output was done for the performance of a PV system that is not 

connected to the electricity grid but instead relies on battery storage to supply energy when the 

sun is not shining. This considers energy losses that occur when charging and discharging. From 

the simulation, it was estimated that an average 5009kWh/year of energy can be generated from 

the given PV system with the highest value recorded in January as it is the warmest month in 

Kisoro and the least in February as shown in Table 6. An average of 4743.38Wh energy is not 

captured on daily basis, which is energy that is not utilized resulting in a total of 974kWh/year. 

This is as a result of solar radiation intensities, temperature and wind as contributing factors. Fig 

9 explains it better as it can be seen that energy not captured decline from March to May and 

begun to rise from June. This is because of the raining season that falls within March and May. 
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The estimated monthly energy output for tracking PV system was used to calculate the energy 

production from 2-axis tracking PV system. These have the PV modules mounted on support that 

move the module during the day. The 2 axis were selected because in this system, the modules 

can be moved so they always face directly towards the sun, which thereby gives the highest 

energy yield. The first axis rotation is on the north /south axis and the second on the east/west 

axis. From table 7, a total of 93010kWh of energy production is estimated to be produced yearly 

with a yearly global irradiation of 2379kWh/m
2 

on each square metre of the module of the given 

system. It can be seen from fig. 10 and 11 that July had the highest in both in-plane irradiation 

and energy output because it is the driest month in Kisoro where the centre is located. 

An estimated amount of 4,569.90 UGX per each kWh of electricity generated from the given PV 

system is saved. This investment therefore is estimated to take 3.1 years to recover the energy 

inputs in manufacturing the system. Thus after the said period, no amount will be used to 

produce electricity but only for the maintenance of the PV system. Though there is a capital 

investment cost, the cost associated with environmental and health damage avoided by using a 

PV system is significant. 

3.3 PV Impact on Climate Change 

Though PV technology is at an early stage compared with other energy systems, it is rapidly 

growing within the sub region to increase the contribution of renewable energies to the total 

energy mix. The impacts are recently outlined by Alsema et al. (2006) and show major 

improvements in materials and energy consumption as well as conversion efficiencies, which is 

expected to be realized within a few years in the crystalline-Si PV sector. A forecast of an 

efficiency of ribbon-, multi-, and mono- Si module will improve to 15%, 17%, and 19%, 

respectively, in near future, in accordance with the target established by the Crystal Clear project 

in CO2-eq. / kWh. A fluidized bed reactor (FBR) currently being deployed will be able to reduce 

the energy demand for polysilicon by 70–90% from the popular Siemens process, although it is 

unconfirmed if this new reactor type, which is the fluidized bed reactor, has the capacity to 

produce the same high-purity polysilicon as the latter (Alsema et al., 2006; Fthenakis and Kim, 

2007a). At the same time, Silicon wafers will become thinner: 150 µm for multi- and mono-Si 

and 200 µm for ribbon- Si since the sizing also have effect on the climate. Also, the energy 
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demand during the casting of multi-crystalline ingots and the Czochralski growing of Si mono-

crystal will fall as much as 3-fold (Alsema et al., 2006). 

The effects of using conventional energies at the centre have significance on climate change. A 

total of 2.0 tons CO2-eq./kWh are released into the atmosphere contributing to global warming. 

The cutting down of the trees for firewood is increasingly increasing deforestation which intend 

reduces carbon sequestration thereby having a negative effects on the environment.  

3.4 Conclusion 

There is the capability of using PV technology to harness the untapped solar energy at MECC. 

There are potentials since Uganda is located on the equator. The country have different climatic 

conditions for different areas for example, some areas receive more solar irradiations than others, 

yet Kisoro, where the centre is located and which is among the areas that do receive the least 

solar irradiations, receives enough solar irradiations to generate electricity for the centre.  

Currently, all the major indicators are there, the market, policies, solar energy players and the 

willingness of the citizen to use it to tap this green energy and add to the countries national 

energy mix.  

 

The economic indicators will help the centre to save money from each kWh of electricity 

generated as well as save the environment form further pollution. The benefits are that it can 

serve for a longer period of time and funds to purchase fuel to generate electricity can be channel 

to equally important venture. Distance and cost involved in accessing fuel is cut off and at least 

there is energy dependence since the sun is mostly shining throughout the year and irradiates 

solar energy which further provides energy security for the centre.  It can be observed form the 

LCA of PV that the emissions do occur during the production of materials for the solar cells, 

modules and systems from the use of fossil fuel based energies which are dependent on the 

energy mix of the country. Indirect cadmium emissions during energy use in the lifecycle are 

much greater than the direct emissions. Emissions of heavy metals such as SO2, NOx, PM, and 

CO2 are emitted during the production of commercial PV systems. Nevertheless, these are 

extremely small as compared to fossil-fuel generator emissions that PV will replace. 

 

The associated risk involves the use of hazardous substances during the manufacturing processes 

but negligible incidents have been recorded. The cost of the PV systems is associated with the 
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energy use. An effort to reduce cost means energy reduction and emission abatement (Fathenkis 

et al. 2011). Reducing CO2 intensive fuels eventually reduces the emissions and contributes 

significantly to climate protection in the short term.  The only alternative for long-term is the use 

of zero-carbon energy resources such as renewable types of energy of which solar energy is 

essential  since there is no externality cost from emissions. 
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