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Sammanfattning  
Den Östafrikanska Gemenskapen (EAC) är en mellanstatlig organisation av sex länder. Fem av de 
länderna har en låg utvecklingsnivå och en är klassificerad som medelnivå. Regionen har låg mänsklig 
utveckling och tillgång till elkraft men har bestämt att uppfylla globala målen 7: säkerställa tillgång 
till ekonomiskt överkomlig, tillförlitlig, hållbar och modern energi för alla. Denna uppsats utforskade 
potentialen för förnybar energi i den EAC på en regional nivå. 
 
Potentialen för solenergi och vindkraft i EAC undersöktes genom en analys av befintliga 
energisystem, en förenklad multikriterianalys genom geografiska informationssystem (GIS) och en 
jämförelse med liknande arbete från den International Renewable Energy Agency (IRENA). En liten 
men växande elsektor och ett primärt energisystem dominerat av traditionell biomassa 
identifierades i regionen.  
 
Kartläggningsanalysen identifierade stora områden i alla studerade länder som lämpliga för förnybar 
energi på, eller utanför, elnätet. Analysen fann också problem med resultaten från IRENAs arbete 
med Global Atlas of Renewable Energy projektet. Det finns god potential för sol- och vindkraft i EAC 
och möjligheten av ett lågkoldioxidenergisystem är diskuterade som en potential framtid för 
regionen. 
  



 
 

Abstract 
The East African Community (EAC) is an intergovernmental organisation comprised of six countries, 
five of which are classed as having a low development level and one of which is classed as medium. 
The region has low rates of human development and electrical connectivity but is committed to 
meeting the universal access and clean energy goals of Sustainable Development Goal 7. This thesis 
seeks to explore the renewable energy potential of the EAC at a regional level. There is little study 
of the energy situation of the EAC as a specific region, contrasting this work to the majority of similar 
analyses that focus on the national or sub-Saharan level.  
 
The potential for solar PV and wind power in the EAC was examined through an analysis of existing 
energy systems, a simplified multi-criteria analysis through geographical information systems, and 
a comparison with similar work by the International Renewable Energy Agency (IRENA). The region 
was shown to have a small but growing electricity sector and a primary energy system dominated 
by traditional biomass. The mapping analysis identified large areas across all studied countries as 
potentially suitable for on- or off-grid renewable energy. It also highlighted issues with the results 
of IRENA’s work in its current form. Solar PV and wind energy potential across the EAC is shown to 
be high, with a low carbon electricity sector consequently a possibility for the region in the future. 
 

Keywords  
Development, Electricity Access, Sustainable Development Goals, Solar PV, Wind Power, 
Geographical Information Systems. 
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Introduction 
 

Sustainable Development Goal 7 

The Sustainable Development Goals (SDGs) were adopted by the member states of the United 
Nations (UN) in 2015 as the implementation of Agenda 2030. They are building on the Millennium 
Development Goals (MDGs) with the intention of spurring action on key development issues such 
as ending poverty and protecting the climate (UN Sustainable Development Solutions Network, 
2015). The goals implicitly recognise that achievement of these ends must be done through a multi-
faceted approach that includes addressing inequality, education, health, and access to modern 
services. Therefore, 17 SDGs and 169 accompanying targets were set, to be achieved by 2030 (UN 
General Assembly, 2017). The goals have been designed based on the principle of not leaving anyone 
behind and this is one of the largest challenges to achieving the SDGs (UN Sustainable Development 
Solutions Network, 2015; UN General Assembly, 2017). The SDGs therefore have to take effect in 
the nations and communities that have the most obstacles to overcome in order to successfully 
achieve them (UN Sustainable Development Solutions Network, 2015).  
 
The 7th SDG goal is to ensure access to affordable, reliable, sustainable, and modern energy for all 
(UN Sustainable Development Solutions Network, 2015). It is split into five main targets (7.1, 7.2, 
7.3, 7.A, and 7.B) which are reproduced in Table 1 with their indicators for completeness (UN 
General Assembly, 2017). At present, the world is not on track to meet these targets by 2030 
(Morrissey, 2017; IEA et al., 2019; Sustainable Energy for All, 2019), but progress is still being made 
on a number of fronts. The UN’s tracking of the SDG shows that more people are gaining access to 
electricity (7.1.1), and that crucially, the overall number of people without access has fallen from 
1.2 billion in 2010 to around 840 million in 2017 (IEA et al., 2019).  
 
The sister indicator for this target shows less progress, however. The International Energy Agency 
(IEA) et al (2019) report that in 2016, the population without access to methods of clean cooking 
was almost 3 billion. This population is spread across Asia and Africa, whereas the remaining 
households without electricity access are concentrated almost exclusively in sub-Saharan Africa 
(SSA) (IEA et al., 2019).  
 
The situation for renewable energy share is improving but has much more progress to make than 
some of the other targets. In 2016, it constituted only 17.5% of global total energy consumption, 
with the majority of that being biomass (IEA et al., 2019). Though progress to decarbonise has been 
slow in the transportation and heat sectors, electricity generation has been seeing an encouraging 
increase in renewable share. There has also been progress with the energy efficiency target, due to 
policies implemented in key economies. However, this progress is not currently enough for this 
target to be on track (IEA et al., 2019).  
 
SDG 7 is noted as being of particular importance for meeting SDG 13: climate mitigation, and in 
contributing to many other SDGs that rely on economic development and freeing up labour hours 
that can contribute to economic development, healthcare, and education (Chirambo, 2018; IEA et 
al., 2019). The clean energy angle is perhaps especially prominent in how SDG 7 is discussed, not 
least because half the remaining population without electricity access are in sub-Saharan Africa 
(SSA) (Sustainable Energy for All, 2019). It is there that a large amount of work needs to be done in 
order to achieve the wider SDGs, with 600,000 people dying in Africa every year due to air pollution 
stemming from burning traditional biomass for cooking and heating (Chirambo, 2018). In light of 
this, there are a number of prominent organisations that are aimed at achieving the SDG 7 targets, 
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not least Sustainable Energy 4 All. This is an organisation created by the UN to track and spur on 
funding and actions to achieve the SDG 7 targets (Chirambo, 2018).  
 
Table 1: SDG 7 Targets and Indicators, collated from UN resolution 71/313 (UN General Assembly, 2017). 

SDG Code Description 

7.1  By 2030, ensure universal access to affordable, reliable and modern energy 
services. 

 7.1.1 Proportion of population with access to electricity. 

 7.1.2 Proportion of population with primary reliance on clean fuels and 
technology. 

7.2  By 2030, increase substantially the share of renewable energy in the global 
energy mix 

 7.2.1 Renewable energy share in the total final energy consumption. 

7.3  By 2030, double the global rate of improvement in energy efficiency. 

 7.3.1 Energy intensity measured in terms of primary energy and GDP. 

7.A  By 2030, enhance international cooperation to facilitate access to clean 
energy research and technology, including renewable energy, energy 
efficiency and advanced and cleaner fossil-fuel technology, and promote 
investment in energy infrastructure and clean energy technology. 

 7.A.1 International financial flows to developing countries in support of clean 
energy research and development and renewable energy production, 
including in hybrid systems. 

7.B  By 2030, expand infrastructure and upgrade technology for supplying 
modern and sustainable energy services for all in developing countries, in 
particular least developed countries, small island developing States, and 
land-locked developing countries, in accordance with their respective 
programmes of support. 

 7.B.1 Investments in energy efficiency as a percentage of GDP and the amount of 
foreign direct investment in financial transfer for infrastructure and 
technology to sustainable development services. 

  

The East African Community 

The East African Community (EAC) is an intergovernmental organisation with a combined population 
of 177 million. It is made up of the republics of Burundi, Kenya, Rwanda, South Sudan, Uganda, and 
the United Republic of Tanzania. Following the creation of a common market in 2010, the EAC is 
working towards the creation of an East African Federation to act as an economic and political bloc 
including a customs union (East African Community, 2020).  
 
The member states of the EAC have much in common, and Table 2 gives some introductory 
information on these countries. In 2016, 22% of the population of the EAC lived in urban areas, and 
the region is growing rapidly in terms of both population and economy (REN21, 2016). Overall, 
however, human development based on the UN’s human development index is low, with Kenya 
being classed as medium human development and the other member states having low human 
development (United Nations Development Programme, 2019). 
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Table 2: EAC Countries Fact file, all data from 2018 (East African Community (EAC), 2019; United Nations 
Development Programme (UNDP), 2019; The World Bank Group, 2020b) 
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Unit Millions % % % N/A 
2011 
PPP $ 

% Value 

Source EAC EAC 
World 
Bank 

World 
Bank 

UNDP UNDP EAC UNDP 

Burundi 11.7 2.3 13.0 5.7 Low 660 
6.1 

(2017) 
0.423 

Kenya 47.8 1.3 27.0 4.0 Medium 3,052 6.3 0.579 

Rwanda 12.1 2.3 17.2 3.2 Low 1,959 8.6 0.536 

South 
Sudan 

12.3 3.8 19.4 2.0 Low 1,455 3.8 0.413 

Tanzania 54.2 3.1 33.8 5.2 Low 2,805 7.0 0.528 

Uganda 39.0 3.0 23.7 6.2 Low 1,752 6.5 0.528 

 
The EAC is a rapidly changing region, with similar challenges and opportunities to much of SSA. The 
ongoing economic and demographic shifts present substantial changes to the energy situation in 
the region. Increasing urbanisation and economic activity and diversification are leading to new 
requirements for electricity and transport fuels, while grid infrastructure and electrical power 
generation are both less well developed than the averages for SSA (REN21, 2016). 
 
In order to meet growing demand for electricity, the EAC will have to increase generation capacity 
substantially. In 2016, REN21 predicted a needed increase in generation to 2020 of 37.7% for 
Uganda, 75.3% for Tanzania, 96.4% for Kenya, and 115% for Rwanda. This massive task is hampered 
by the lack of grid infrastructure, with up to 90% of energy infrastructure investments being made 
in grid extension rather than going directly to generation (REN21, 2016). All of this means that off-
grid connections in the form of micro-grids (also known as mini-grids) are used all across the region 
(Sustainable Energy for All, 2019).  
 
This level of change makes the situation in the EAC not only extremely fluid but also fascinating from 
the perspective of all three pillars of sustainability (Graedel and Allenby, 2011). While the area is 
developing societally and economically, the choices made by decision makers at all levels have the 
potential to either cause or avoid large environmental and health impacts. First amongst these are 
the climate change impacts that certain developmental pathways would cause. China and India 
stand as recent examples of countries that have seen rapid economic growth linked to widespread 
pollution and greenhouse gas emissions (IEA, 2019b). There have been significant technological 
advances in the last decades however, and alternative, low carbon, developmental pathways now 
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exist that are especially suited for lower income developing countries (Sustainable Energy for All, 
2019).  
 

Current Energy Systems in the EAC and SSA 

In order to understand what the future energy systems of the EAC could look like, the existing 
structures in the EAC and across the wider sub-Saharan region should be examined. All member 
states have broadly similar energy systems, with solid biomass making up the majority of the total 
primary energy used in each country. This biomass can be broadly split into woody biomass which 
is used in rural areas, and charcoal, which is used in urban areas (REN21, 2016).  
 
Electricity generation across SSA in 2018 was dominated by hydropower, with gas and then oil 
making up the remainder of the generational capacity (IEA, 2019a). There was only 5.5 GW of wind 
power across the whole of Africa in 2018, an increase from 1 GW in 2010. Meanwhile there was 4.5 
GW of solar PV across the continent as of 2019 (IEA, 2019a). Looking at other renewable 
technologies, Kenya is leading other East African countries in the development of geothermal power 
in the region. The IEA estimate that there is over 15 GW of potential for the technology in East Africa, 
and Kenya has already developed 600 MW with a further 1000 MW in development as of 2019 (IEA, 
2019a). 
 
Some of the regional power pools in SSA have been developed to help with harmonising various 
systems such as market rules and regulations across borders to enable power trading. In addition to 
the East African Power Pool (EAPP), some of the EAC’s member states are in multiple power pools, 
with Tanzania also in the South African Power Pool (SAPP) and Burundi also in the Central African 
Power Pool (CAPP) (IEA, 2019a). Connections between power pools are in development, with a 
Tanzania to Zambia interconnector under construction that would provide an additional link to the 
SAPP (IEA, 2019a). Such interconnectors are important for increasing the amount of power that is 
traded within and out of East Africa (REN21, 2016). Even though around 2 TWh of power is traded 
annually within East Africa, the 11 state owned utilities that comprise the EAPP struggle to expand 
or build new interconnectors as some are loss making, which makes raising finance difficult for them 
(IEA, 2019a). 
 
The power systems that exist today in SSA vary considerably in their efficiency. The IEA (2019) 
estimate that 17% of all electricity in SSA was lost in 2018, with Kenya losing over 20%. Climate 
driven issues with rainfall can also lead to outages or price fluctuations when low water levels 
prevent hydro power plants from operating and forcing utilities to turn to back up generators (IEA, 
2019a).  
 
Africa’s energy situation is characterised by massive growth in demand. The IEA (2019) see energy 
demand growing by double the global average for the next 20 years. As electrification increases, 
more and more households, businesses, and industries will need power for a whole host of 
purposes. Cooling is one power use that is projected to increase rapidly in line with electricity access 
and urbanisation (IEA, 2019a). 
 
Looking at the EAC rather than a wider SSA context, the region’s energy systems are dominated by 
renewable energy, with a range of total primary energy share percentages in 2012 between 78.5% 
for Kenya and 96.6% for Burundi (REN21, 2016). This energy is mostly in the form of solid biomass, 
predominately in a traditional form but with Tanzania and Rwanda also having modern forms of 
solid biomass (at 19.2% and 9.7% of total final energy consumption respectively). The remainder is 
provided by hydropower and small amounts of geothermal in Kenya. This hydropower acts as the 
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primary source of electrical power in the EAC, with a low cost of generation making it an attractive 
choice, contributing to the region having approximately 2.2 GW of on-grid hydropower out of a total 
of 3 GW of on-grid renewables (REN21, 2016).  
 
The large share of hydropower in the region’s electricity mix has contributed to electricity shortages 
or being forced to turn to backup generators when climate changed induced rainfall changes have 
resulted in depleted water resources across the region. Despite this, grid scale power investment in 
the EAC is still predominately in hydropower, with the exceptions of Kenya, where wind and 
geothermal are also being invested in, and in Rwanda, where solar PV is also seeing investments 
(REN21, 2016). These other electrical power sources account for only small amounts of the region’s 
power, with solar PV only having 9.15MW in the EAC in 2015, 8.75MW of which was in Rwanda. At 
the same time, geothermal power had nearly 600MW of capacity, and wind had 25.5MW (REN21, 
2016). In addition to these sources, there is also what is described by REN21 (2016) as “vibrant off-
grid markets” for solar PV in Kenya and Tanzania, but due to a lack of data and these connections 
not being metered, it is difficult to quantify the scale of these connections and how much power 
they are providing (REN21, 2016). 
 

Research Gap 

Access to safe and sustainable energy is a large challenge for developing countries, with SSA being 
particularly impacted (IEA, 2019a; IEA et al., 2019). Many researchers have modelled the potential 
developments of energy supply in SSA. Reports and articles from international organisations and 
diverse research teams abound, many of them seeking to address the targets of universal energy 
access under the SDGs (see Morrissey (2019) for a selection of relevant models and the IEA et al. 
(2019) for a summary). The EAC has not received as much attention as a specific region for research 
as SSA more generally, but given its low electrification rate (IEA, 2019a), quickly growing economy 
(East African Community, 2020), and relatively untapped renewable energy resources, (REN21, 
2016; Hermann, Miketa and Fichaux, 2014) it makes for an interesting region to explore in relation 
to SDG 7: affordable and clean energy for all.  
 
As will be shown through the literature review that forms the background of this thesis, there are 
strong reasons to examine the renewable energy potential of the EAC, as how this area develops its 
energy systems in the next decade will have impacts ranging from societal development through to 
climate change. In order to understand the specific picture in the EAC, energy flow accounting can 
be used to understand the energy situation as it stands now. There is a knowledge gap around how 
much renewable energy the EAC could potentially generate in the future, and that is the research 
gap that this thesis aims to contribute to filling. REN21 (2016) analysed the existing energy systems 
of the region, with much of their data being from 2012. While their report does not explore the 
future potential of renewable energy in great depth, it does provide a comprehensive benchmark 
analysis of the region and a useful source to ground the results of the energy flow analysis conducted 
in this thesis.  
 
Of the electrification models that already exist, the International Renewable Energy Agency 
(IRENA)’s online platform, the Global Atlas for Renewable Energy is perhaps the most accessible, 
with a remit which includes knowledge sharing and making areas suitable for renewable energy 
development known to anyone (LBNL and IRENA, 2015). Mapping data from the Global Atlas for 
Renewable Energy (IRENA, 2019b) can be used to build a picture of the energy potential of the EAC 
specifically, rather than the wider sub-Saharan area. With an analysis of IRENA’s data and a broad 
original GIS based analysis, a picture of the renewable energy potential of the EAC starts to emerge.   
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Aims & Objectives 
 

Research Question 

What is the potential for the countries of the East African Community to meet their electricity needs 
under Sustainable Development Goal 7 by 2030 from renewable energy?  
 

Aim 

In order to answer this research question, the following aim was formulated for this thesis: 
To map and assess the potential for the countries of the East African Community to develop wind 
and solar power plants. 
 

Objectives 

Four objectives were developed to meet the aim of the thesis, providing context to the existing 
energy situation and then mapping the potential for renewable energy in the region. These 
objectives are: 
 

1) Identify current energy flows in the EAC to map current energy systems within and between 
member countries. 

2) To establish the baseline projected generation potential for renewable energy in the EAC. 
3) To map technically and environmentally suitable locations for wind and solar power plants 

in the EAC. 
4) To project possible electricity demand in the EAC in 2030 and to calculate the potential 

generation capacity of the areas identified in 2) and 3).  
 
The first objective focuses on understanding existing energy flows in the region, thereby building on 
the available literature to inform the rest of the thesis. The second objective involves taking existing 
study and refocussing this work on the EAC. It has been set based on the importance of the Global 
Atlas of Renewable Energy for the planning and development of renewable energy plants across 
Africa. IRENA’s influence and expertise makes its recommendations useful for a project’s bankability 
(LBNL and IRENA, 2015) and it is therefore considered in this thesis to be an important tool and 
baseline to compare any related analysis to.  
 
Refocussing the work of the Global Atlas of Renewable Energy allows more relevant and interesting 
comparisons to be made with the mapping and analysis of renewable energy potential that is 
addressed in objective 3. This objective forms the core of the thesis: mapping the potential of the 
EAC as a distinct political and geographical area, instead of as part of a wider study of East Africa or 
SSA. The fourth objective then builds on the second and third ones, taking the identified areas and 
projecting their potential generation capacity by the end date of the SDGs – 2030 (UN Sustainable 
Development Solutions Network, 2015). 
 
Given that this project is looking at the countries of the EAC with a cartographic perspective, it 
should be noted that there is an area of disputed land between Kenya, South Sudan, and Ethiopia 
called the Ilemi Triangle (Carr, 2017). Depending on which political boundary is used, this area is 
between 10,320 and 14,000 km2. The disputes over the area have not been severe, but oil and gas 
reserves in the area could mean that more strenuous efforts might be taken to resolve the boundary 
issues in the area (Carr, 2017). In this thesis, so that any resources identified in the Ilemi are still 
counted, it is shown as part of South Sudan.  
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Background 
 
In order to develop as full a picture of the current energy situation in the EAC as possible, a literature 
review was conducted. This used keyword searches in the KTH library catalogue and on Google, as 
well as searches for publications from relevant stakeholders and institutions in the fields of energy 
and international development in SSA. A summary of this work is provided here as background to 
the thesis.  
 

Electricity Access 

Access to energy is vital to long term socio-economic development. High quality, safe energy that is 
reliably accessible can lead to a freeing up of valuable work hours for other tasks, can grant the time 
to access educational resources, and in the case of electricity, the means to safely use those 
resources in the evenings. Energy access can also provide other less clear benefits such as 
improvements in health services, communications, and e-governance (The World Bank, Bhatia and 
Angelou, 2015). 
 
Electricity access was referred to as the “missing millennium development goal” (Bazilian, Nakhooda 
and Van De Graaf, 2014) due to its importance in facilitating many other development aims. It 
connects to the goals on poverty (SDG 1), good health (SDG 3), education (4), gender equality (5), 
economic growth (8), industry and infrastructure (9), sustainable communities (11), responsible 
consumption and production (12), climate action (13), and life below water (14) and on land (15). 
This interconnectivity stems from energy’s central role in modern life. It facilitates economic 
diversification, the operation of health centres, and evening study (IEA et al., 2019). It also frees up 
labour hours spent on biomass collection in a SSA setting, while having benefits to the climate and 
environment (Morrissey, 2017).  
 
The way that electricity access is listed in the SDGs does not necessarily provide a complete picture 
of the type of access that the user has. A binary measure of access can overlook aspects such as 
reliability, safety, affordability, and convenience. The World Bank’s multi-tier framework for energy 
access, developed under the Energy sector Management Assistance Program (ESMAP) (Bhatia, 
Angelou and The World Bank, 2015) allows a more rounded understanding of energy access and the 
socioeconomic impacts that this has. When looking specifically at the electricity access part of the 
framework, there are six levels starting from 0, with no access to electricity and progressing to a 
quality of supply that would give reliable home alternating current that is available for all uses (level 
5). These different levels provide context to discussions of electricity access in different countries. 
Level 3 for example, (limited power access suitable for multiple appliances) is given as an example 
of a solar home system or a limited off grid system (Bhatia, Angelou and The World Bank, 2015). 
 
Table 3: Population with access to electricity in 2018 (The World Bank Group, 2020b). 

Member State Population % Rural % Urban % 

Burundi 11.0 3.4 61.7 

Kenya 75.0 71.7 84.0 

Rwanda 34.7 23.4 89.1 

South Sudan 28.2 23.7 46.8 

Tanzania 35.6 18.8 68.4 

Uganda 42.7 38.0 57.5 

 
Defining electricity access in a simplistic way, the EAC has a large variation in the population 
percentage that have access (Table 3), with Burundi having only 11% access and Kenya having 75%. 
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There is also a large variation between urban and rural parts of each country, with urban areas 
having often much greater access percentages than rural areas (Table 3). This demonstrates one of 
the issues with achieving the SDG 7 targets, that rural populations are in danger of being left behind 
when it comes to electrification (Sustainable Energy for All, 2019). As of 2018, only 3.4% of Burundi’s 
rural population had electricity access (The World Bank Group, 2020b), and connecting all those 
households to at least some form of electricity in the next decade will be a large challenge(IEA et al., 
2019).  
 
When discussing electricity access, it is relevant to note that across SSA more generally, electricity’s 
share of energy consumption is low, with Hanfner, Tagliapietra and de Strasser (2018) recording it 
as 4%. Very little of this consumption is taking place in households, and the divide in electricity 
access between urban and rural areas only exacerbates this problem (IEA, 2019a). With electricity 
being used primarily to power mining and refining, with services and households splitting the rest 
(Hafner, Tagliapietra and de Strasser, 2018). Generally, small scale industry does not have access to 
the electricity that it needs to increase its output to facilitate business growth (Hafner, Tagliapietra 
and de Strasser, 2018).  
 
The central role for electricity access for development means that the current situation in SSA has 
drawn attention from governments, agencies, and aid organisations. In order to meet the SDG 7 
targets by 2030, massive increases in funding must be secured. In 2018, there was a funding gap in 
SSA of between $33bn and $47bn in order to meet universal electricity access on schedule, with the 
annual funding in 2018 being $8bn (Chirambo, 2018). Even with sufficient funding, the question of 
where best to allocate or prioritise resources is subject to debate. Models provide a means of 
identifying the cheapest way of providing households and businesses with electricity, and these are 
used across SSA (Morrissey, 2019). In some areas, the challenges for building these least cost 
electrification models are sizeable, and stem from a lack of available data, low quality or out of date 
mapping, and the sheer number of variables that must be considered (Morrissey, 2019).  
 

Grid and Mini-grid Connections 

The roles of grid and off-grid systems provide different perspectives when discussing electricity 
access in SSA. Grid based electricity supply involves power lines running from large power plants to 
households, industry, and other consumers. Such systems involve large scale infrastructure, with 
substantial costs involved in the construction of transmission lines (Morrissey, 2017; Mikul et al., 
2015). Models estimate the costs of building transmission lines as between 50,000 and 500,000 USD 
per kilometre.  However, these costs are then shared amongst the many connected users 
(Morrissey, 2019). Mini-grids are smaller scale, self-contained power grids that are either not 
connected to the main national or regional grid at all, or that can be disconnected to act as a backup 
power supply. These can take the form of simple generator and battery set ups, or systems designed 
to power an entire community (Morrissey, 2017). 
 
Generally, the per-unit cost of electricity generated by grid scale power generation is lower than 
that of off-grid systems (IEA, 2019a) and off grid systems can have additional costs related to storage 
or backup generation that those connected to the grid do not necessarily have to have, although 
this is not always the case (IEA, 2019b). The amount of power provided to grid connected users by 
backup systems is large in some SSA countries (IEA, 2019a). In contrast to regions with existing 
comprehensive electricity transmission grids, the countries of the EAC are grappling with a growing 
population in areas that are not yet connected to existing grid infrastructure, be these in an urban 
or rural setting (see Table 2 and 3).  
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The decision of whether to provide yet to be connected areas with electrical power via grid or off-
grid systems is dependent on factors including which option will provide the lowest levelized cost of 
electricity. This decision must also take into consideration projected demand and future population 
and economic growth in different areas. Additionally, other costs are considered that include future 
fuel price estimates and equipment costs for generation sources and transmission infrastructure at 
all scales (Morrissey, 2019). With poor transport infrastructure comes extra costs and a lack of 
reliability for deliveries of goods, including fuels (Hafner, Tagliapietra and de Strasser, 2018). This 
can have knock on impacts on micro-grids and any system with a diesel back up that requires fuel 
to operate, with rural healthcare facilities one example of an affected service (Mikul et al., 2015). 
 
As Morrissey (2019) discusses, the levelized cost of electricity for SSA should be based on the 
demand that a given technology actually meets, rather than the electricity generated. This allows 
intermittent renewable generators to be compared alongside any form of generation that is 
wasteful or that requires power to be dumped. As the IEA (2019a) shows, there are issues across 
SSA with generated power being wasted. This allows a fairer comparison between grid and off-grid 
systems as standard grid-scale generators may be able to generate large amounts of energy cheaply, 
but they cannot necessarily meet the limited demands of individual households effectively 
(Morrissey, 2019).  
 
The basic question on how to provide access is: is it better to extend the grid or to build a new local 
grid system? The variables include demographics, topography, economic development, available 
generation technologies, resources, and more. Predicting how broad economic and social 
dimensions will develop over decades is difficult to begin with, but in the countries of the EAC and 
many others in SSA, their rapid development and demographic changes mean that these models 
show large variability in their findings (Morrissey, 2019). Generally, Morrissey (2019) finds in their 
systematic review of available models, that models looking at the national instead of regional level 
have access to better quality data and therefore require fewer assumptions to function 
computationally. They also find that the same model with small alterations to its inputs can result 
in large differences for the role of extending the grid versus building mini-grids. This is important 
because investment in either grid or mini-grid opportunities is reliant on not having a rival form of 
connection being developed in the area before the investment has paid back. If a grid connection is 
made to a mini-grid powered area, then its cheaper per-unit cost of electricity will undercut the 
existing power generation (Morrissey, 2019). This all means that grid-based planning policies are 
more complicated than are perhaps initially realised by investors and aid providers.   
 

Energy Entanglements 

Energy access and use is a geopolitical issue, with international politics and economics having an 
impact on how any given country meets its energy demands (Högselius, 2019). Every energy import 
has a corresponding economic and political connection to transit and processing countries as well 
as the producing country, and these are known as entanglements. For some, particularly importing 
nations, with either limited or no fuel production of their own, these entanglements can be 
associated with dependencies of one form or another. Additionally, if a country’s economy is 
dependent on imported fuels, then a supply disruption can have severe consequences for the 
economic and political stability of the country (Högselius, 2019).  
 
Non-oil producing countries might seek to source their own supplies of fuel in order to improve 
reliability, reduce dependencies on other states, and also make money exporting this valuable 
commodity (Högselius, 2019). There are, however, a number of issues with countries exploiting 
mineral or fossil fuel wealth. The resource curse, or Dutch disease, describes resource rich countries 
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that do not reach their desired potential through exploitation of these resources. These countries 
can become more authoritarian and less economically and politically stable than similar non-
resource rich countries (Natural Resources Governance Institute, 2015). 
 
Additionally, countries that choose to exploit fossil fuel resources are adding to a fossil fuel based 
energy system that has responsibility for much of the current climate crisis (Edenhofer et al., 2012). 
In light of the Paris climate agreement, there is now a very limited space for fossil fuel extraction 
and use before the international community exceeds the carbon budget that would still give a 
chance of keeping below the 1.5 degrees C of global heating (Edenhofer et al., 2012). This means 
that companies and countries that invest in new extraction capabilities will be risking the chance 
that some of these facilities become unusable, due to the limit of how many fossil fuels can be 
extracted being reached. These facilities would then become stranded assets: infrastructure that 
cannot be used (Carbon Tracker, 2020). 
 
The potential for assets to become stranded links to a different type of energy entanglement: a 
consideration of fuel or technology dependencies. Especially in countries without the industrial base 
for manufacturing their own renewable energy generators, there is always a dependency on 
countries that are exporting the required technologies. For renewables and especially for solar PV, 
that is China (Scholten et al., 2018). Such dependencies are viewed differently from fuel-based ones 
due to the difference in time lag between fuel disruptions having negative effects and technology 
or expertise disruptions (Högselius, 2019). If supplies of solar panels are withheld then existing 
equipment will continue to generate, whereas having oil supplies halted is predicted to have very 
fast acting consequences in some countries (Lorusso and Pieroni, 2018). 
 
Given the rapid growth in demand for fossil fuels in Tanzania, and issues with reliable power supply 
(Kichonge et al., 2014), there is arguably an incentive to become less dependent on imported fuels 
and to increase domestic or regional fossil fuel production. Aside from the environmental and social 
issues associated with expansion of fossil fuel production (Edenhofer et al., 2012), there is evidence 
to suggest that such developments can merely change the nature of the energy dependency instead 
of removing it. In the case of oil extraction, refining the crude into useable products requires 
substantial investment and expertise. This can result in the crude being exported for refinement 
elsewhere, resulting in a similar import dependency for refined fuels that already existed (Högselius, 
2019; Högselius, 2019b). Entanglements will always exist for different energy sources and systems, 
but different energy sources will have different consequences for environmental, social and 
economic aspects, as well as for geopolitics (Högselius, 2019). 
 

Current Issues 

Urban/rural divide 

There is a large divide in the provision of many services between urban and rural populations in SSA 
and electricity access is no exception (IEA, 2019a). Urban populations have higher connectivity rates 
than rural areas (see Table 3) (The World Bank Group, 2020b) and this divide means that while trying 
to meet SDG 7, the potential for rural households to get left behind is greater than for urban 
households.  
 
The increasing urbanisation of SSA should also be considered in relation to SDG 7. This process is 
occurring at a rapid pace and energy provision must be able to consider this central demographic 
change (IEA, 2019a). When dealing with countries with rapid population growth, the changing 
demographics of where the population will live in 2030 are important to consider (IEA et al., 2019). 
Rural urban migration is not considered to be the main driver for urbanisation in SSA, instead this is 
driven by natural population increases (Parnell and Walawege, 2011).  
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Traditional biomass 

Traditional biomass is relied upon as the primary means of cooking and space heating by 40% of the 
global population, comprising around 9% of global energy use and 55% of the wood harvest (Masera 
et al., 2015). This level of use has environmental and health impacts, including the assessment that 
in 2009, between 27% and 34% of the global wood harvest was unsustainable. Around 2.6 billion 
people burn solid biofuels for energy around the world, and with South Asia and East Africa being 
hotspots for the use of wood fuel, the EAC is very vulnerable to issues stemming from this (Masera 
et al., 2015).  
 
REN21 predict that the usage of biomass in the EAC will double every 20/25 years. This includes 
charcoal production and therefore affects urban and rural parts of the EAC (REN21, 2016). As East 
Africa is already classed as a hotspot for unsustainable woodfuel demand where stocks are currently 
depleted (Bailis et al., 2015), finding alternative fuels are especially important. If suitable 
replacements are not found for traditional cookstoves and biomass use then they will continue to 
produce substantial greenhouse gas emissions, as well as being believed to be responsible for 
between 18-30% of human caused black carbon emissions (Masera et al., 2015).  
 
The primary issues that result from the use of traditional biomass are a result of the incomplete 
combustion of the fuel in traditional stoves. This is linked to health issues including respiratory 
disease that have a higher impact on women and children (African Development Bank Group, 2015). 
Smoke exposure leads to around 4 million premature deaths per year (IEA et al., 2019) and the IEA 
et al. (2019) expect the amount of early deaths to increase leading up to 2030 based on current 
policy commitments.  
 
There are not only negative aspects to the use of traditional energy for cooking however, and this 
helps to explain their continued use. The smoke from the fire may cause health issues but it also 
keeps away insects and plays a role in preserving both roofing material and food. It also acts as space 
heating and lighting when burning and can provide hot water at the same time as cooking. 
Traditional biomass is also easily available in East Africa and South Asia, and is affordable when 
compared to electricity or LPG, especially when its use for heating is accounted for (Masera et al., 
2015).  
 
Countries in SSA have differing levels of traditional biomass usage, and the picture varies 
considerably between urban and rural populations. In Kenya in 2018 for example, urban areas used 
primary biomass (fuelwood, straw and waste), charcoal, and LPG or natural gas for cooking, with a 
small amount of kerosene and electricity also being used. In contrast, rural areas used mainly 
primary biomass, with small amounts of charcoal and LPG or natural gas (IEA, 2019a).  
 
Funding and aid 

There are many international organisations aiming to achieve SDG 7 or supply relevant funding. 
Some are backed by the UN (Sustainable Energy 4 All), while others are arms of their country’s aid 
systems (South-South Climate Cooperation Fund – China; Power Africa – USA), and others are 
international agencies or think tanks (IEA, IRENA, REN21). One role that some of these organisations 
can play is to mobilise and direct funding from the public and private sectors. Completely 
overhauling a region’s energy system is not cheap. Neither does it happen quickly. In order to meet 
the SDG targets in the next decade, massive amounts of funding is needed to build new, sustainable, 
energy systems, in some cases almost from the ground up (Morrissey, 2017, 2019). When focussing 
on meeting the sustainable energy targets in the electricity sector, it is not a case of substituting one 
carbon intensive generation system for a low carbon one as it is in more developed nations 
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(Edenhofer et al., 2012). Instead, a new electricity system must be built, complete with transmission 
infrastructure in one form of another (Morrissey, 2017). In 2018, US$8 billion per year was being 
spent on meeting the energy SDG targets in SSA when it is predicted that between US$41-55 billion 
per year is needed to meet the universal access goal (Chirambo, 2018). This large funding gap also 
impacts meeting other SDGs that rely on energy access to meet their targets (Chirambo, 2018).  
 
Looking at energy funding from a national angle, rather than from private finance mobilisation, 
China’s contributions to power development in SSA are substantial. Between 2010 and 2020, it is 
estimated that Chinese companies will have been behind 17GW of electrical generation capacity, 
which would total 10% of existing capacity in the region (Chirambo, 2018). Of these developments, 
56% were renewables, including hydro power. China also injected US$13 billion into energy projects 
in SSA between 2010 and 2015, making up about one-fifth of energy investments in that time. This 
investment is interesting as, until recently, it was countries from the global north that contributed 
primarily to climate change mitigation in developing countries, whereas recently China, India and 
Brazil have stepped up their contributions. Of these, China is the most significant, supplying not only 
financial resources, but increasingly technical expertise via its South-South Cooperation pledges 
(Chirambo, 2018). 
 
China’s monetary and technical contributions can be classed as unconditional aid: the money is 
invested without the ethical strings attached that are normally associated with aid from countries 
in the global north. Chinese aid for example, can be given to countries with serious human rights 
abuse issues, when aid from the global north might be suspended based on such issues (Chirambo, 
2018). This unconditional aid naturally causes debate, with one topic being the potential for this aid 
to still contribute to poverty reduction goals or some of the SDGs, regardless of the politics or human 
rights abuses of the receiving country. From a sustainability standpoint, this begs the question of 
whether the environmental and economical aspects of unconditional aid can be allowed to 
outweigh the social sustainability of the communities in which it is provided? Current policy 
initiatives are not projected to be enough to meet SDG 7, and there is much to be done in order to 
meet the needs of the continent’s population in 2030 (IEA, 2019a), making the role of the 
organisations seeking to achieve SDG 7 all the more important.  
 
Gender inequality 

There is an important link between gender inequality and energy provision. Women and girls work 
disproportionately collecting biomass for household purposes in areas where this is a main source 
of primary energy (The World Bank, Bhatia and Angelou, 2015). They also work more within the 
home, and are therefore subjected to more of the negative consequences of burning biomass 
discussed above (Bailis et al., 2017; The World Bank, Bhatia and Angelou, 2015; Sustainable Energy 
for All, 2017). At the same time, there is a clear gender gap in terms of electricity connectivity. This 
varies dependent on location, but in Rwanda, female headed households are less likely to be 
connected in both urban and rural settings (IEA et al., 2019). 
 
The UN’s Agenda for Sustainable Development’s commitment to leave no one behind means that 
those being most affected by current energy systems must form a key part of changes and solutions 
(Sustainable Energy for All, 2017). Of relevant initiatives in SSA seeking to address gender inequality 
and energy provision, Sustainable Energy for All (2017) found that the majority were aimed primarily 
at addressing energy poverty (30%), with subsequent focuses being on clean energy transitions 
(26%), gender equality and social inclusion (20%), women’s empowerment (16%), and then capital 
being moved into clean energy and climate change (9%). This highlights the importance of these 
other wider issues in any attempt to address gender inequality in energy provision.   
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Renewable technologies 

This thesis focuses on renewable energy due to its lower climate impacts than historical and existing 
energy systems (Edenhofer et al., 2012). Another reason that fossil fuel power stations are not 
considered here is their current and future economic feasibility, especially coal power. In major 
power markets around the world, it is already becoming cheaper to invest in new renewables than 
in new coal power. It is even becoming cheaper to construct new renewable power plants than to 
continue the operation of coal plants in some areas (Carbon Tracker, 2020). This means that any 
new coal plants built today in areas where renewables are cheaper stand the risk of being stranded 
assets (Carbon Tracker, 2020), especially if more rigorous carbon targets are set in order to meet 
the goals of the Paris climate agreement. In developing power markets such as in the EAC, it is 
difficult to say if or when such economic parity would be reached. However, as costs for renewable 
energy, especially solar PV and wind, continue to fall (Edenhofer et al., 2012), it could be viewed as 
an inevitability that these technologies will eventually be cheaper than the most polluting and most 
common form of fossil fuel: coal.   
 
Of the technologies that can be used in place of fossil fuels, a few stand out as being technologically 
and economically mature enough for projects to be de-risked and well understood by investors. 
These include hydro, wind and solar power, with solar CSP and PV both fitting this categorisation, 
with solar PV arguably more mature (Edenhofer et al., 2012). Geothermal power is more important 
in the Rift Valley than many other technologies and can provide consistent power output, as 
opposed to its variable output counterparts (REN21, 2016). Bioenergy has already been discussed 
as an energy source, and when considering electricity and heat output at a grid scale, it can use 
waste material from various agricultural industries to provide low carbon electricity (Edenhofer et 
al., 2012). In contrast to other renewable energy technologies however, the carbon intensity of 
bioenergy depends greatly on the exact energy source used, with some bioenergy being far more 
carbon intensive than others (Chum, et al., 2011).  
 
There are other forms of energy provision using renewable energy systems but on a very small scale. 
These include solar home systems that have a limited capacity based on solar PV (normally a few 
panels and a battery) (IEA et al., 2019). This lack of capacity means that such systems are not suitable 
for space heating or for cooking, so do not replace biomass in the household. They do, however, 
enable a basic level of connectivity through appliance usage such as charging mobile phones or 
providing cooling (Morrissey, 2017). Individual appliances running on solar power such as lights or 
phone chargers act as a similar but even smaller level of electrification that is nonetheless replacing 
single use batteries in some areas thanks to a low capital cost and large private sector markets for 
such items (Morrissey, 2017). As neither solar home systems or solar appliances can generate 
enough electricity to replace biomass or fossil fuels for cooking and heating in the home (Morrissey, 
2017), these are not considered as potential technologies for this study.  
 
Szabó and colleagues (2016) identify electricity generation options in SSA that can be considered 
low hanging fruit in the current fight to provide electricity access. These include dams that are not 
currently generating any power, sugar industries that could co-fire existing thermal power plants 
and therefore displace coal with sugarcane waste (bagasse), and the addition of solar PV to mini-
grids that are currently diesel powered. As a starting point for expanding existing limited generation 
capacity, these three could provide a useful boost for relevant regions of SSA. Utilising existing dams 
means that much of the environmental damage of a hydroelectric project has already been done, 
and most of the financial costs of such a project have already been laid down (Szabó et al., 2016). 
For the other two, integrating bagasse and solar PV into existing fossil fuel powered systems could 
reduce their environmental impact while potentially increasing generation. In the case of adding 
solar PV, the expansion of a diesel-based system can reduce the initial investments required for solar 
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mini-grids. This is due to the high capital costs of purchasing batteries for a pure solar PV system 
(Szabó et al., 2016). While such prices vary by market and the costs of both batteries and PV panels 
have been falling rapidly (Edenhofer et al., 2012), in 2016, the cost of batteries in a solar mini-grid 
system was estimated at 40% of the total cost (Szabó et al., 2016).  
 
Any savings from using existing diesel generators should be offset against the environmental and 
social costs of using diesel fuel for power generation. These include health issues and local pollution 
from exhaust fumes, as well as the greenhouse gas emissions of these systems (Mikul et al., 2015). 
Health facilities in rural areas across SSA that have access to electricity are often dependent on diesel 
generators and in addition to the health impacts of the generators, such facilities are reliant on fuel 
deliveries and related costs, which can be unreliable in areas where roads are periodically 
impassable (Mikul et al., 2015).  
 
These options are interesting but are somewhat limited in their potential to be deployed at scale 
(Edenhofer et al., 2012). As such, this thesis focuses on renewable energy technologies that can be 
deployed as part of mini and full scale grid systems, as well as having the potential to displace 
existing energy systems. Solar and wind power offer up two of the most mature, deployable and 
low carbon technologies currently available (Edenhofer et al., 2012). These technologies can be used 
at differing scales and do not have the same degree of environmental impact that large scale hydro 
power suffers from (Edenhofer et al., 2012). The IEA (2019) sees Africa’s future energy needs being 
met with a power mix that includes various renewables, natural gas and energy efficiency. They cite 
excellent solar resources across the continent, as well as the availability of platinum group metals 
and cobalt that are necessary for the manufacture of renewable technologies such as wind turbines 
and solar panels, as well as for the production of batteries that will be important in many mini-grid 
systems.  
 

Previous analyses 

Taking into account the level of variability in modelling results described by Morrissey (2019) 
(summarised in the discussion on grids above), there are a number of studies that have examined 
the lowest cost for electrification in the EAC countries, either as individual countries or as part of 
wider power or political blocs. One analysis, by Szabó, et al. (2016), identifies mini-hydro, grid 
extension and off-grid PV as the most economical source of electricity for most of the EAC, with the 
result varying across the area. Mini-hydro is suggested for parts of the eastern half of South Sudan, 
scattered areas in the west of Uganda, Burundi, and some areas in the centre and south of Tanzania. 
Grid extension is focused around population centres, with Kenya, Tanzania, and Rwanda having this 
option recommended in the most locations. Areas that are not covered by one of the above are 
shown as suitable for off-grid solar PV, with this making up the most common suggestion for Kenya 
and South Sudan, with Uganda and Tanzania having large areas of solar PV. Interestingly, nowhere 
in the EAC has diesel generators suggested as the most economical energy source: the authors find 
that it is outcompeted by other sources of electricity.  
 
Of the modelling work that has been done to try and establish which technology would be best 
suited for providing electrical power to SSA, one stands out for its level of detail and accessibility. 
The Global Atlas for Renewable Energy (IRENA, 2019b) is an online source for publications and 
mapping work, designed to facilitate renewable energy development around the world. By drawing 
on expertise from numerous organisations and researchers, the project, coordinated by IRENA, aims 
to allow all countries to assess the potential for renewable energy within their borders, regardless 
of the expertise that they might have to perform these sort of assessments. The Global Atlas 
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produces maps of geothermal, marine and bioenergy, as well as for solar and wind power (IRENA, 
2019a).  
 
The Global Atlas helps to inform IRENA’s other work, including transitions to a low carbon future 
(IRENA, 2019c). The production of the Global Atlas was done in conjunction with the Laurence 
Berkley National Laboratory and their combined methodology (LBNL and IRENA, 2015), along with 
earlier work that has informed this (Pletka and Finn, 2009), has been the basis for the GIS analyses 
in this thesis. The focus on one of the many modelling efforts that attempts to address the many 
issues found in SSA and the EAC is based on the accessibility and apparent thoroughness of the work. 
IRENA sees the Global Atlas as part of its expertise sharing (LBNL and IRENA, 2015), and the validity 
of this work, and assessments based on it is therefore important to determine. The Global Atlas acts 
as a resource for downloading maps of suitability zones for different renewable technologies as part 
of the Africa Clean Energy Corridor initiative. These zones are described as being suitable for use in 
decision making contexts, including market screening, technical potential assessments and high 
level policy debate (IRENA, 2019b), reinforcing its relevancy as a baseline to compare other work to.  
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Methodology 
 
There are four elements to this thesis’s methodology, and as two of them rely on the use of GIS, a 
quick point about the resource potential of renewable energy should be discussed before the 
methods are described in detail. There are three different types of resource potential. The first is 
the theoretical potential which is the maximum amount of energy from a specific source. This does 
not consider any sort of conversion or loss of energy – it is essentially the raw resource. Next is the 
geographic potential, which identifies and dismisses areas that are unsuitable for renewable energy 
technologies. The specific criteria used for suitability assessments will vary by technology type and 
methodology (Hermann, Miketa and Fichaux, 2014).  
 
The next type is the technical potential, which takes the geographic potential and includes 
conversion losses from going from raw available resource to useable energy, grid losses, constraints 
from installation of specific technology types, such as spacing between generators etc., and the 
inclusion of other requirements such as regulatory or ecological considerations. The final type is the 
economic potential which includes socioeconomic elements into an analysis. This includes the costs 
of all aspects of a project, as well as the economic situation in the country where the project is being 
considered (Hermann, Miketa and Fichaux, 2014).  
 

Energy Flow Analysis 

The energy situations for the countries of the EAC were summarised in diagrammatic form through 
the use of Sankey diagrams. These diagrams are used in an energy context to aid the visualisation 
of the many flows of energy that are found at a national level, and are used by organisations such 
as the IEA (IEA, 2020) and Eurostat (Eurostat, 2020b) to present energy statistics.  
 
Each diagram is based upon national level primary and secondary energy data from the UN (United 
Nations, 2019), presented in Sankey diagrams using the Sankey Flow Show tool (THORTEC Software 
GmbH, 2019). Each diagrammatic representation uses nodes and flows in the Sankey diagrams to 
illustrate the collected energy data, with specific foci on the national primary production, total 
energy supply, final consumption and the consumption by-use of major primary energy types. 
Secondary energy such as electricity was also shown, along with system losses. This has been done 
at a national level, including imports and exports to ensure that all energy statistics assigned to a 
country based on the UN’s energy statistics reporting standard (United Nations Statistics Division, 
2018, 2019) are captured.   
 
Systems Description 

The geographic boundary for the energy flow analysis was the borders of the EAC and while there 
was no temporal boundary, the latest available data was used for the analysis.  
 
Visualisation of the Flows 

The concept used to create the Sankey energy diagrams is based on identifying and visualising the 
energy systems of the EAC countries. This was done based on the visualisations of energy data that 
are produced by international agencies and organisations (IEA, 2020; Eurostat, 2020b) and the 
division of the nodes and flows in the diagram has been done based on the UN data used to produce 
these energy flows. This data is presented in the subsections detailed here, and is based on the UN’s 
standard for reporting energy statistics (United Nations Statistics Division, 2018, 2019). While these 
forms of conceptual figures are often referred to as a conceptual model, it is important to note that 
this element of the energy flow analysis is essentially a guide to the visualisation of the energy flow 
data, not a full modelling effort.  
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The subsections start with the national primary production of each member country: showing how 
much energy the country is producing itself. This is followed up with the total energy supply of the 
countries, taking imports and exports of each energy type into account. There are then a number of 
changes to the energy flows before the final energy consumption of the country is tallied up. These 
changes include various losses and the transformation of energy into different forms. For the EAC, 
these changes include transformation into secondary energy such as electricity, and the production 
of charcoal. The final element of the diagram used to visualise this data is the breaking down of the 
EAC’s energy consumption by use. This permits an understanding not just of what types of energy 
are used in the EAC, but in which sectors the energy is used in the end. This division again follows 
the UN standards (United Nations Statistics Division, 2019, 2018). 
 
The year chosen for this analysis is 2016 as the most recent year for which national level data is 
available, and the by-sector splits were done into major categories only (after United Nations 
Statistics Division (2019)). These include biofuel and waste, electricity and heat, oil, natural gas, and 
coal for supply elements, and households, industry, transport, and other for the by-use consumption 
categories.  
 
Figure 1 shows the visualisation used for the energy flow analysis. The four columns described above 
can be clearly seen, with all nodes within the system boundary being divided into the energy types 
used within the EAC. Flows B21, O21, N21, and C21 show the flows of different forms of primary 
energy as they are converted into electricity and heat. All X3X flows between the ‘final consumption’ 
and ‘by use’ columns show the part of the economy where the final consumption of the energy was. 
All grey boxes at the bottom of the diagram show flows that left the system, either as exports, 
statistical efforts, losses, or transformation. While each country scale system has the capacity for all 
the flows shown in Figure 1, none has all of them. These flows have been identified based on the 
divisions of energy data in the standards developed by the United Nations Statistics Division (2019, 
2018) and visualised after examples such as the IEA (n.d.)’s Kenya 2017 energy flows (IEA, 2020) and 
Sweden’s 2018 energy flows (Eurostat, 2020a). 
 
Data Collection 

All data for the energy flow analysis was sourced from the United Nations statistics division (United 
Nations, 2019). As the purpose of this analysis is to understand the energy production, use, demand, 
and the relative use of different energy types across the EAC, the numerical values provided in the 
visualisation focus on the nodes of the diagram rather than the energy flows. That is to say, the 
amounts of energy produced, supplied, and consumed are given, while the flows between them are 
represented visually through flows with dimensions relative to their value. For the full details of the 
value of each of the flows labelled in Figure 1, please see Table A2 – A6 in Appendix A. 
 
Data Uncertainty 

As the data used for the energy flow analysis comes from a single publisher, it is necessary to analyse 
uncertainty associated with this data. The data is collated by the UN statistics division based on the 
International Recommendations for Energy Statistics published by the UN (United Nations Statistics 
Division, 2018). This means that the data has been structured based around the principle of energy 
balances, with recommendations that countries should estimate missing data so that their balances 
are maintained (United Nations Statistics Division, 2018).  
 
As the acquired data was used for energy flow analysis, the general methods used by Ott and 
Rechberger (2012) for dealing with uncertainty were employed. This means that uncertainties are 
derived based on the reliability of the source from which the data was acquired, stated uncertainties 
from the meta data where this is available, statistical differences, extrapolation of data to the EAC 
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from other data, and the amount of available literature sources. Again following Ott and Rechberger 
(2012), sources with a high degree of confidence are given a 5% confidence interval. These 
uncertainties are shown in Table A1-6 in Appendix A, expressed as an uncertainty range or 
confidence interval after Taylor (1997).   

 

GIS-Based Analysis 

Global Atlas of Renewable Energy Approach 

GIS is used extensively to identify areas or zones where energy plants could be built (Morrissey, 
2019; Malczewski, 2006). When working with spatial based decision or planning problems, GIS-
MCDA is frequently used to facilitate decision making and problem solving due to its capacity for 
taking multiple spatial inputs and apply weighting if needed (Malczewski, 2006). In energy planning, 
it can include a process of identifying suitable resource areas, referred to as a qualified resource 
identification process (Pletka and Finn, 2009), which forms the technical potential of the area 
(Hermann, Miketa and Fichaux, 2014).  
 
The extensive work of IRENA and the Laurence Berkley National Laboratory (LBNL) (LBNL and IRENA, 
2015; IRENA, 2019b) with a discussion of its importance has already been presented in the 
background. In order to understand this work in the context of the EAC, a GIS based analysis was 
performed utilising existing datasets of shapefiles procured from the Global Atlas (IRENA, 2019b), 
designed to show areas of suitability for grid scale renewable energy development (LBNL and IRENA, 
2015). These areas show the geographical potential of the different technologies, which was done 
using a variety of geographic and technical criteria used to estimate the potential area as detailed 
in LBNL & IRENA (2015).  
 

Systems Description and Data Collection 

The system boundaries were the borders of the EAC and the most recent available data was used. 
GIS layers for solar PV, solar CSP, and wind power were downloaded from The Global Atlas of 
Renewable Energy (IRENA, 2019b), and as these are produced according to electrical power pool, 
the collected data was for a wider area encompassing the South and East African Power Pools (SAPP 
and EAPP). These were then cut to the political boundaries of the EAC. Table A1 in Appendix A details 
the exact data that was procured.  
 

Analysis 

The data was adapted to the area of the EAC using the GIS software ArcMap 10.8 (Environmental 
Systems Research Institute, 2020). The Global Atlas layers were clipped to the size of the EAC 
countries, with some features that crossed national boundaries being cut and zones represented in 
both the SAPP and EAPP being included only once. The layers’ geometric size was recalculated based 
on these new shapes, and the resulting attribute tables downloaded for analysis in Microsoft Excel, 
with the final shapefiles also being exported for visual analysis. Additionally, exclusion zones 
prepared as part of the GIS-MCA detailed below were applied to the Global Atlas zones to search 
for areas of disagreement between the geographic potentials of the two analyses. The repackaging 
of the Global Atlas data through this approach acts to permit comparisons with the GIS-MCA and 
allows an analysis of the Global Atlas results in the context of the EAC, rather than the EAPP/SAPP 
context in which the Global Atlas results are originally presented (IRENA, 2019b).  
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Figure 1: Visualisation of the energy flow analysis with labelled flows. 
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Suitability Analysis for Wind and Solar PV 
GIS - Multi-Criteria Analysis 

In order to perform  an analysis of the geographical resource potential for wind and solar PV in the 
EAC, a simplified GIS - Multi-Criteria Analysis (GIS-MCA) was performed using Arc Map 10.8 
(Environmental Systems Research Institute, 2020). Instead of performing a weighted criteria based 
analysis such as those detailed in Malczewski (2006), the spatial criteria selected for this analysis 
were all either resource based, in which case they were analysed based on resource thresholds after 
Pletka & Finn (2009) or they were exclusion based criteria. This GIS-MCA is the method used to 
produce results of suitable areas for wind and solar PV in the EAC and the final analysis is referred 
to as the suitability analysis. 
 
Where possible, this analysis was done based on the same raw data used by IRENA & LBNL (2015) 
to create the layers used in the Global Atlas of Renewable Energy work discussed above, permitting 
a comparison with the areas identified in that work and whether there is the potential for more or 
less power generation in the EAC than was mapped as part of the Global Atlas. This involved 
assessing the renewable energy resources available in the EAC and then applying exclusion layers to 
determine which areas were suitable from an environmental and technical perspective. 
 
All resource and exclusion layers were cut to the same extent as the EAC. The resource data was 
edited to show only areas that exceeded the resource thresholds used by IRENA & LBNL (2015) (see 
Resource Assessments for more information). The data used to exclude areas from consideration 
were given buffers around them (1km for water bodies and 500m for urban and protected areas) 
following the methodology used by IRENA & LBNL (2015) (Pletka and Finn, 2009). The areas that 
remained after these resource assessment and exclusion techniques had been employed were then 
visually represented using ArcMap, with the attribute tables of the final zones being exported for 
analysis in Microsoft Excel. This included a numerical analysis of suitable areas by technology and 
country. 
 

Systems Description and Data Collection 

The system boundaries were the borders of the EAC. The data used for the GIS-MCA were collected 
from various sources and the latest versions of the data were always used. The same sources as 
IRENA & LBNL (2015) were used where possible in order to facilitate a fair comparison (see table 1 
of IRENA &LBNL (2015) for a list of all data used for the Global Atlas of Renewable Energy). All GIS 
data used was in the GCS_WGS_1984 coordinate system or its projected counterpart where 
necessary for relevant analysis. Table A1 in Appendix A provides full details of the data and their 
sources in addition to the information given here. 
 
For the simplified GIS-MCA, three main data sources were used for the exclusion analysis. The first 
two were updated versions of those used by IRENA & LBNL (2015): The Global Lakes and Wetlands 
Database (World Wildlife Fund, 2020) was used for wetlands and water bodies. The World Database 
on Protected Areas, produced by Protected Planet and managed by the United Nations Environment 
World Conservation Monitoring Centre was used for protected areas (Protected Planet, UN WCMC 
and IUCN, 2020).  
 
For urban areas, the population density data used by IRNEA & LBNL (2015) was no longer available, 
so Africapolis’s dataset of urban areas was substituted (Sahel and West Africa Club Secretariat and 
OECD, 2018). This dataset is based on censuses and electoral registers, with satellite and aerial 
remote sensing used to corroborate and inform this data. The dataset specifically aims to enable 
cross country comparisons, with all the countries in the dataset being comparable for 2015 as a base 
year (Sahel and West Africa Club Secretariat and OECD, 2018). The substitution of this dataset means 
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that the GIS-MCA was conducted using urban areas rather than population density. Due to the 
methodological difficulties involved in obtaining accurate data for urban areas in SSA (Morrissey, 
2019; Sahel and West Africa Club Secretariat and OECD, 2018), this layer is considered to have 
greater spatial uncertainty than the other two datasets used for the exclusion analysis. 
 

Resource Assessments 

IRENA & LBNL (2015) based their resource assessments on a methodology from Black & Veatch 
Corporation and the National Renewable Energy Laboratory in the USA (Pletka and Finn, 2009). This 
resulted in them using resource thresholds for wind (200 W/m2), solar PV (210 W/m2), and solar CSP 
(230 W/m2). It is unclear from their methodology which datasets they used to assess the minimum 
resource threshold for solar PV, but based on Figure 41 in appendix B (IRENA and LBNL), it is 
surmised that they used Global Horizontal Irradiance (GHI). Misleadingly, in table 1, where all data 
sources and their resource thresholds or exclusions are listed, IRENA & LBNL (2015) list less than 280 
W/m2 as the exclusion for solar GHI. However, if this was indeed used as an exclusion measure then 
it would remove many areas that are presented as project opportunity areas in their final analysis. 
In order to be as consistent as possible with IRENA & LBNL’s (2015) work, the same 210 W/m2 
threshold was employed using GHI data from the Global Solar Atlas (The World Bank Group, 2020a). 
Using the GHI data in its default format from the Solar Atlas, this results in a threshold of 5.038 
kWh/m2/day.  
 
Wind data was procured from the Global Wind Atlas (Badger et al., 2019), using wind power density 
in W/m2 at 100m. This is 20m higher than the data used by IRENA & LBNL (2015) but as this data is 
now only available at altitudinal increments of 50m, it was decided that 100m would be the closest 
available substitute for the hub height power density data that IRENA & LBNL procured from 3Tier. 
3Tier’s data is now available as part of the Global Atlas of Renewable Energy (Renewable Energy 
Focus and Elsevier Ltd, 2013). This difference in the resource data used leads to an increase in 
uncertainty. 
 

Technical Resource Potential 

An analysis of the technical resource potential was performed after Hermann, Miketa and Fichaux’s 
(2014) working paper for IRENA as part of the Global Atlas of Renewable Energy project. This 
methodology was used to calculate the technical potential of renewable energy systems in different 
countries. The resource data resulting from the GIS-MCA was used along with assumed values for 
the technology specific elements of the technical potential equations. This was expanded using the 
geographic potential areas derived from using the GIS exclusion criteria in the same manner as 
Pletka & Finn (2009) did for the Global Atlas.  
 
The following equation was utilised after Hermann, Miketa and Fichaux (2014) for calculating the 
technical potential for solar PV in GWh/year: 
 
Technical Potential (GWh/year) = Solar Resource Availability (kWh/m2/year) x PV Module Efficiency 

(%) / Spacing Factor 
 
This was then multiplied by the available area in km2 identified from the geographic potential 
(through the GIS-MCA) to determine the overall technical potential by country for solar PV. The 
equation parameters used by Hermann, Miketa and Fichaux (2014) were 16.5% for the PV module 
efficiency as a lower value for commercial cells, sourced from the National Renewable Energy 
Laboratory and excluding losses from transmission and distribution. The spacing factor was set to 5, 
meaning that a site would require five times the ground than is physically used by panels. These 
same values from Hermann, Miketa and Fichaux (2014) have been used for this analysis. 
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As the resource zones identified in this thesis’s geographic potential steps are classified only as being 
above the minimum resource threshold of 210 W/m2 for solar PV, the areas identified through the 
technical resource potential are therefore minimum values and do not account for higher resource 
sites. There are clearly a number of assumptions associated with this approach, allowing a technical 
potential value to be obtained for large areas, but at the expense of excluding many of the factors 
that would normally be considered in a site specific calculation of technical potential (Miller and 
Lumby, 2012). The values obtained through the technical resource potential calculations therefore 
have a high level of uncertainty.  
 

Electricity Projections 

In order to connect the technical resource potential from the GIS-MCA suitability analysis to the 
potential future demand for electricity in the EAC, energy use estimates were calculated using 
population projections and the amount of electricity needed to meet the SDG 7 targets by 2030.  
 
System Description and Data Collection 

The geographical boundary was once again the EAC, but the temporal boundary of the system was 
extended to 2030 in order to include the end date of the SDGs. The data used for this analysis comes 
from the technical resource potentials derived from the Global Atlas of Renewable Energy analysis 
and the GIS-MCA suitability analysis. The projections use UN population forecasts and simple 
electricity usage scenarios in order to estimate electricity demand in 2030. 
 
Table 4 shows population projections for the EAC from the UN (United Nations Population Division, 
2019b) up to 2030. In order to connect this to future electricity demand in a very simplified way, the 
World Bank’s highest tier of electricity access at the household level, which is 8.2kWh/day, (Bhatia, 
Angelou and The World Bank, 2015) can be converted to a per capita figure using the UN’s 
Household Size and Composition figures (United Nations Population Division, 2019a). This is then 
multiplied by the projected 2030 population to see how much electricity would be needed annually 
for each individual to have their electricity needs met under SDG 7. As this figure only accounts for 
households and no other parts of the economy, another rough estimate can be obtained by taking 
the global average annual electricity consumption per capita in 2017 from the IEA (IEA, 2020a), 
3.2MWh, or the electricity consumption of a group of developed countries such as the EU 28, 
6.1MWh. This can also be compared to Kenya’s annual consumption of 0.1MWh/capita in 2017 (IEA, 
2020a) to see how much of an increase this would be.  
 
Table 4: UN population projections to 2030 (millions). 

Country Population 2020 Population 2030 % Increase 

EAC 195 251 28.5 
Burundi 12 16 32.6 
Kenya 54 67 23.6 
Rwanda 13 16 25.3 
South Sudan 11 14 23.6 
Tanzania 60 79 32.5 
Uganda 46 59 29.9 

 
Analysis 

Projections of future energy demand for the EAC were made using the different per capita energy 
consumption figures discussed above, and these were then compared to the values for technical 
resource potential derived from the GIS based analyses. This resulted in the following projections: 
World Bank Tier 5, Global Average 2017, EU 28 2017, and Kenya 2017. 
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Results 
 

Current Energy Systems in the EAC 

The results of the examination of the current energy flows in the EAC can be found in the Sankey 
flow diagrams presented in Figures 2 to 7. All flow numbers referred to are those identified in the 
visualisation of the energy flows for the Sankey diagrams (Figure 1). For all of the countries aside 
from South Sudan, the national primary production and total energy supply columns appear 
similarly. Each country has biofuel and waste flows on the supply side that are larger than all the 
other flows combined. These countries also import the majority of their fossil fuels, with Tanzania 
(Fig 5) and Rwanda (Fig 4) producing some natural gas and Tanzania producing enough coal to meet 
its own demand. All five countries are importing their oil, the majority of which is used for 
transportation.  
 
On the consumption side of the diagrams, it can be seen that electricity and heat use is a small 
fraction of the total energy consumed, with biofuels making up the majority of the energy used. 
While most energy is consumed by households, flows of fossil fuels and electricity and heat to 
households are very small, with biofuels the primary energy type used.  
 
Transformational and other losses can be seen around the electricity and heat flows in each of these 
figures (flows E20, B21, N21, O21, L2:X, T:X and OT:X in the conceptual diagram, Figure 1), with 
different forms of energy feeding into the electricity and heat consumption nodes before being 
converted and the resulting losses being accounted for. The other transformation flow present in 
each diagram is a loss in biofuel and waste from the total supply column (flow OT:X).  
 
Other smaller flows leave the systems in the form of flows to international bunkers, a means of 
accounting for fuel usage of ships in international waters (United Nations Statistics Division, 2019). 
There are additional losses in the form of statistical differences between the energy supply and 
consumption data. These flows are quantified in the UN data (United Nations, 2019) and are used 
in this form of statistics as a result of data collection errors (see United Nations Statistics Division 
(2018) for more information). One other flow leaving the system is non-energy use. This entails fuels 
used for the manufacturing of products such as waxes and lubricants that are derived from the 
hydrogen or carbon from the fuel (United Nations Statistics Division, 2019).  
 
South Sudan’s diagram (Figure 7) is very different from the other member states’ (Figures 2-6). The 
small amount of energy consumption when compared to the other states is seen alongside the only 
oil production in the EAC in 2016. The entire flow of oil produced in South Sudan is exported, with 
the country’s total supply of oil being met through imports. This oil is then used in electricity 
production, the energy industry’s own use, and transport.  
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Figure 2: Sankey energy flow diagram of Burundi for 2016 (TJ). 

 
Figure 3: Sankey energy flow diagram of Kenya for 2016 (TJ). 
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Figure 4: Sankey energy flow diagram of Rwanda for 2016 (TJ). 

 
Figure 5: Sankey energy flow diagram of Tanzania for 2016 (TJ). 
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Figure 6: Sankey energy flow diagram of Uganda for 2016 (TJ). 

 
Figure 7: Sankey energy flow diagram of South Sudan for 2016 (TJ).
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Analysis of Renewable Energy Potential  
Global Atlas of Renewable Energy Approach 

The analysis of IRENA & LBNL’s (2015) work took the published GIS layers from the Global Atlas for 
Renewable Energy (IRENA, 2019a) and processed them based on the EAC countries. Table 5 shows 
the different EAC countries and the area of resource zones that have been identified within them. 
South Sudan has a very small amount of solar PV in the far north of the country. This can be seen in 
Figure A1 in Appendix A for reference. This zone is part of a larger one that stretches up into Sudan, 
but this small section was found on the South Sudan side of the border. Without it, IRENA & LBNL 
(2015) would have found no areas suitable for solar PV or CSP in South Sudan. As South Sudan was 
effectively excluded from IRENA & LBNL’s analysis, and including it makes the main results more 
difficult to interpret, it is not shown in Figures 8, 9 and 10. 
 
Figure 8 shows the resulting output for solar PV, solar CSP and wind across the EAC minus South 
Sudan with Figure 9 showing solar PV and CSP, and Figure 10 wind only. Aside from relatively small 
sections in central Kenya and the north east of Uganda, which show as lighter shades of red in the 
relevant figures, the zones for solar CSP overlap those of solar PV. This overlap can be seen in Figures 
8 and 9. Solar CSP on its own can be found for interest in Figure A2 in appendix A. 
 
Burundi, Rwanda and Uganda all have limited areas that have been zoned as suitable by IRENA & 
LBNL (2015) (see Table 5). Both Burundi and Rwanda have no wind or solar CSP zones at all, with 
Uganda having small areas of all three zone types. These are however all found in the northern half 
of the country, with the only wind and solar CSP zones located in the north east of the country, along 
the border with Kenya (see Figures 8, 9 and 10). 
 
Considering its area, Tanzania does not have a high percentage of zoned land (see Table 5), with its 
zones being spread across the centre of the country and little in the western or south eastern areas. 
Kenya, however, has been zoned with large areas of all three technology types, with wind zones in 
its east and north west, solar PV across the northern half of the country, and a band of solar CSP in 
the centre and west.  
 
Table 5: Resource zones broken down by country. 

Country Solar PV 
Area 
(km2) 

Wind 
Area 
(km2) 

Solar 
CSP 
Area 
(km2) 

Percentage 
of Country 
Area, Solar 

PV (%) 

Percentage 
of Country 
Area, Wind 

(%) 

Percentage 
of Country 
Area, Solar 

CSP (%) 

EAC 240,459 120,514 18,155 9.85 4.94 0.74 
Burundi 206 0 0 0.7 N/A N/A 
Kenya 202,007 110,390 10,908 34.8 19.0 1.9 
Rwanda 1,244 0 0 4.7 N/A N/A 
South 
Sudan 

18 0 0 <0.1 N/A N/A 

Tanzania 32,325 9,188 5,537 3.4 1.0 0.6 
Uganda 4,659 936 1,710 1.9 0.4 0.7 
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Figure 9: Mapping analysis showing solar PV and CSP zones in the EAC, excluding South 
Sudan. 

Figure 8: Mapping analysis showing solar PV, solar CSP, and wind power zones in 
the EAC, excluding South Sudan. 
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Figure 8: Mapping analysis showing wind power zones in the EAC, excluding South Sudan. 

Applying the buffers created during the GIS-MCA to the Global Atlas work showed one notable area 
of disagreement. In the north and centre of Tanzania, areas that were excluded due to the presence 
of protected areas have been included in the suitable zones under the Global Atlas. The Nyambene 
national reserve in Kenya also has both solar and wind zones within it. These zones can be found in 
Table A7 in Appendix A, along with the names and designations of the protected areas in which they 
are found. It should be noted that many of these zones stretch beyond the boundaries of the 
protected areas listed and that some zones are present in multiple protected areas. In total, there 
are 14 designated areas that the Global Atlas recommends as suitable for development, including 7 
game control areas, 4 open areas, one wildlife management area, and one forest reserve, all in 
Tanzania, and the Nyambene national reserve in Kenya.  
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Suitability for Wind and Solar PV 

Figure 11 shows the final areas of suitability for wind and solar PV across the EAC after buffering and 
exclusion have been applied to initial areas of sufficient resource availability which take minimum 
resource thresholds for the two resources into account. Table 6 shows the total area of suitability 
for the two resources, as well as breaking the result down by country. Looking at wind and solar PV 
separately, the distribution of suitable areas with sufficient wind resources (Figure 13) shows 
concentrations in the larger countries of the EAC, notably Kenya and Tanzania, with two large 
clusters in South Sudan. The notable absence of large suitable areas in Uganda, Rwanda, and 
Burundi is due to a lack of sufficient resource rather than these areas being excluded from the 
analysis later. This can be seen in Figure 12, showing the results of the initial resource assessment 
for wind.  
 
The main differences between the final areas identified and those shown in Figure 13 are the 
exclusion of some areas based on the water, lakes and wetlands, and protected areas exclusions, 
with Lake Turkana and the neighbouring Sibiloi national park in the north of Kenya resulting in the 
exclusion of a large part of the suitable wind resources in the area.  
 
One notable feature of the results is the large area identified as suitable for solar PV (Figure 14). 
Solar PV potential is identified in all countries of the EAC, with this being largely as the result of an 
abundance of suitable resources and the suitable area being whittled down by other buffers, rather 
than a limited initial resource to draw on. This can be seen in Figure 15 where most of the area of 
Kenya, South Sudan, Tanzania, and Uganda are assessed as being above the solar resource 
threshold. It is only in the tropical highland climates of Burundi and Rwanda (Camberlin, 2018) 
where there are large parts without sufficient resources. This abundance of solar resource results in 
many of the EAC countries having suitable areas that make up large parts of their area. Even without 
excluding large lakes from the total area of each country’s political boundaries, Kenya and South 
Sudan have over 70% of their total area as zoned for solar PV (Table 6). 
 
It should be noted that the uncertainties from deviations in data acquisition from the Global Atlas 
work are included in the results of the suitability analysis by presenting the results to a lower degree 
of certainty than for the Global Atlas results. This also applies to the calculations of solar PV 
potential, where the inherent assumptions result in lower levels of certainty in the obtained values. 
 
Table 6: Area and percentages of solar PV and wind suitability zones in the countries of the EAC. 

Country Solar PV Area 
(km2) 

Wind Area (km2) Percentage of 
Country Area, 

Solar (%) 

Percentage of 
Country Area, 

Wind (%) 

EAC 1,480,000 241,000 60.5 9.9 
Burundi 16,600 313 59.5 1.1 
Kenya 411,000 136,000 70.8 23.5 
Rwanda 8,060 63 30.6 0.2 
South Sudan 474,000 30,200 76.4 4.9 
Tanzania 449,000 72,700 47.5 7.7 
Uganda 119,000 1,170 49.5 0.5 

 
These areas can be converted from the geographical potential areas and the minimum resource 
threshold values to a technical potential perspective. This conversion has been done for both the 
zones created as part of this thesis and for the zones modelled from the Global Atlas of Renewable 
Energy (IRENA, 2019b). The results of these conversions can be seen in Table 7.  
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Table 7: Technical potential of solar PV - comparison of suitability results and Global Atlas analysis.  

Country 
Solar PV Area 

(km2) 
Solar PV Potential 

(TWh/year) 
Solar PV Area 

(km2) 

Solar PV 
Potential 

(TWh/year) 

 Suitability Analysis Global Atlas Analysis 
EAC 1,480,000 8,960,000 240,459 1,460,000 
Burundi 16,600 101,000 206 1,250 
Kenya 411,000 2,493,000 202,007 1,226,000 
Rwanda 8,060 49,000 1,244 7,550 
South Sudan 474,000 2,874,000 18 109 
Tanzania 448,000 2,722,000 32,325 196,000 
Uganda 119,000 724,000 4,659 28,300 

 
Figure 9: Areas of suitability for solar PV and wind power in the EAC. 
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Figure 11: Areas of suitability for wind power in the EAC. Figure 10: Wind resources expressed as power density in W/m2. Values 
below the minimum resource threshold of 200 W/m2 display as white. 
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Figure 14: Areas of suitability for solar PV in the EAC Figure 15: Solar resources expressed as global horizontal irradiance (GHI) in kWh/m2/day. 
Values below the minimum resource threshold of 5.0 kWh/m2/day display as white 
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Projected Energy Demand 

The per-capita estimates of projected energy demand by 2030 in the EAC are summarised in Table 
8, split into three per-capita demand scenarios and one reference scenario. These are: World Bank 
tier 5 level access, the global average, the average for the EU 28, and that of Kenya in 2017 as the 
reference scenario. Although there is a large difference between the values obtained, meeting the 
SDG 7 targets by 2030 with a tier 5 level of electricity access (Bhatia, Angelou and The World Bank, 
2015) for all would require a massive increase in electricity demand from current levels. The use of 
the global average here is intended to demonstrate how large a step providing tier 5 access for all 
households would be. If the EAC were using the same amount of electricity as the EU 28 average, 
then the leap from the present use levels becomes even more apparent. It should also be noted that 
the Tier 5 electricity access scenario is based on electricity usage in the household, rather than at a 
national level. It is still informative however, as an interesting benchmark of how much electricity 
the region would have to produce in order to provide Tier 5 access to every household. 
 
Table 8: Energy use estimates for EAC countries in 2030 in TWh per year. 

Country 
World Bank 

Tier 5 

Global 
Average 

2017 

EU 28 
2017 

Kenya 
 2017 

EAC 171 803 1,530 50.2 
Burundi 9.84 50.5 96.2 3.2 
Kenya 55.3 213 405 13.3 

Rwanda 11.3 51.9 99.0 3.2 
South Sudan 7.02 44.3 84.4 2.8 

Tanzania 44.4 253 483 15.8 
Uganda 39.5 190 363 11.9 

 
As the projected energy demand values are obtained through a simple calculation based on 
projected population and four scenario values, there is large uncertainty attached to the estimates 
obtained. However, the differences between the scenario values can still be instructive for showing 
the divergence between varying levels of electricity demand.   
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Discussion 
 

Energy Diagrams 

The single most important conclusion to be drawn from the energy analysis results is the 
overwhelming role that biomass plays in the energy systems of the EAC. Even in South Sudan, 
otherwise an outlier (see below), the biofuel and waste flows are many times larger than those for 
electricity and heat. The EAC was therefore dependent on traditional biomass and charcoal for much 
of its energy in 2016, the latest year for which data is available. One interesting aspect that can be 
seen in the diagrams is the sizes of the nodes in the by-use consumption column. Here, the amount 
of energy going to industry and transport is greater in Kenya, Tanzania, and Uganda than in the other 
three countries. Not only this, but the flows to these nodes are larger by share of energy than in the 
other countries, implying that the industry and transport sectors are relatively larger in these three 
countries.  
 
Much of what can be seen in the energy diagrams supports existing knowledge of the EAC’s energy 
systems. The large flows of biomass and small electricity and fossil fuel flows are consistent with the 
results of REN21’s (2016) report into the energy situation in the EAC and the findings of other 
agencies and researchers who have studied the wider context of energy in SSA (IEA et al., 2019; IEA, 
2019a; Bhatia, Angelou and The World Bank, 2015; Hermann, Miketa and Fichaux, 2014). 
 
Another key takeaway from these results is the dependency of all the EAC countries on fossil fuel 
imports. At present only some of the fossil fuel consumption of the countries is met by internally 
produced fuels. With the exception of South Sudan, what is produced is also consumed within the 
country of production, meaning that there was little trade in fuels in 2016. Imports and exports of 
electricity barely register on these diagrams, but with electricity making up a small percentage of 
total primary energy production and use (REN21, 2016), it is unsurprising that the total energy flows 
of electricity are small. That being said, it is clear that the EAC still has a long way to go before trading 
electricity and using interconnectors to balance their power grids is commonplace. 
 
It was expected that the energy diagrams would provide an indication of the flows of energy 
between EAC countries, based on background research (East African Community, 2019; REN21, 
2016), but with the import and export data not being sub-divided to specific countries (United 
Nations, 2019), this is not possible to determine from the data alone. What can be said however, is 
that the cross-border flows of energy are small in comparison to the internal energy flows of the 
EAC countries, with South Sudan’s oil exports an exception to this. The small size of these flows is 
likely linked to the amount of biofuel and waste being used for energy. This is due to these flows 
being dominated by traditional biomass which have a low energy density and are difficult to 
transport (REN21, 2016). 
 
Data for the energy visualisations was sourced from the UN (United Nations, 2019) as other 
potential sources such as the IEA or the US EIA had only patchy data for most of the EAC countries. 
Relying on the UN as a data provider for this thesis had drawbacks, primarily around their 
presentation of data. Despite the UN providing guidelines for how national energy statistics should 
be collected and presented (United Nations Statistics Division, 2019), the UN’s 2016 data had an 
error around energy transformation. In the case of Kenya, all transformation was shown to be losses 
(United Nations, 2019), making it seem as if the entire country was not generating any electricity at 
all while somehow still consuming it. Even with the assumption that transformation to electricity 
should be positive, Kenya still appears to have larger transformation losses than any of the other 
EAC countries. The consumption and by-use data are internally consistent however, so the relative 
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amounts of energy going to different consumers still tallies. Kenya does have high transmission and 
distribution losses, with REN21 (2016) giving a value of 18% for 2013 and the IEA (2019) reporting 
that over 20% of Kenya’s generated power is wasted. The country does however still generate 
power, and their losses were reportedly lower than Burundi, Rwanda, Tanzania and Uganda’s, all of 
which were over 20% in 2013 (REN21, 2016). 
 
This issue with the Kenyan transformation data does not have a clear cause. The data are reported 
annually to the UN Statistics Division through a questionnaire (United Nations Statistics Division, 
2019) and it is possible that this data was not adequately checked before being included in the year’s 
statistics. In this instance, a comparison between the UN data (United Nations, 2019) and the IEA’s 
data (IEA, 2020) was possible. The IEA’s energy data shows the same flows of electricity as the UN’s 
data would if the post-transformation electricity flow were positive instead of negative, so it seems 
as though this is a simple data input error. Working with the assumption that this is indeed a data 
input error, the underlying reliability of the Kenyan data is no different from the other countries, 
and so it has consequently been rated with the same confidence intervals as the rest of the EAC (see 
Table 1 – Appendix A). 
 
South Sudan 

As shown in the results (Figure 7), the energy situation in South Sudan is quite different from that 
of its fellow EAC members. As it lacks domestic refining capacity (US EIA, 2019), South Sudan is 
entirely dependent upon other countries for exporting its raw crude as well as importing refined 
products for domestic energy needs, with transport being the main use, and electricity production 
being another, smaller, consumer. This means that South Sudan has a large export and refining 
dependency that acts as an energy entanglement for the country, being entirely dependent on 
external refining to get the fuels that it needs for transportation and electricity production.  
 

Data Availability  

The issue of data availability and quality is one that is encountered frequently across the EAC, with 
some energy data not being reported for two years or longer (REN21, 2016). In addition to the issues 
encountered with the national energy statistics from the UN, it is clear from the methodologies 
followed by IRENA and others (LBNL and IRENA, 2015; Morrissey, 2019) that in order to create the 
layers that their models depend on, some imaginative uses of remote sensing data were required 
to overcome the lack of reliable data. An example of this includes using night-time imaging to 
estimate population density, rather than using mapped urban areas (Morrissey, 2019). Since LBNL 
& IRENA (2015) developed their methodology, the Africapolis data of urban areas (Sahel and West 
Africa Club Secretariat and OECD, 2018) has made this particular challenge a little easier to deal 
with. In this thesis, Africapolis’s urban area mapping was used instead of population density 
estimates, partly due to the relative ease with which it can have a buffering zone placed around it. 
This is due to it being produced as a fixed shape of definite urban areas, rather than a grid with 
differing values of population density. One potential disadvantage of this data is however that there 
is no indication of how many households there are in the areas classified as rural. As renewable 
energy projects are sited away from dwellings (Strachan and Lal, 2004), a sparsely but regularly 
populated rural area might be equally unsuitable for a wind turbine as an urban area.  
 
A further point relating to data availability is the time lag present with the data used for the analyses 
in this thesis. As the energy data is from 2016, there are changes in output that are not included in 
the analysis, such as additional geothermal power in Kenya for example (East African Community, 
2019). The time lag in reporting energy data is acknowledged as an issue in effective policy making 
and research in the region (REN21, 2016) and as demographic and energy system changes are 
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happening rapidly in the EAC (East African Community, 2019), the energy picture can also shift 
quickly. 
 
South Sudan 

Based on the research and data collection involved in this thesis, data availability for South Sudan is 
very limited. Even where complete data sets for the country exist, such as the UN data used for the 
energy flow analysis, it is important to recognise that these may be based on sparse primary data. 
In the case of the solar resource charts shown in Figure 15, there is a very uniform gradient going 
across the country that is not seen elsewhere in the figure. This could be an indication of few ground 
truthed data points being filled in by the Solar Atlas providing their data in a raster format. This is 
not to say that the data is unusable. Even with the available data, it seems that there are no areas 
in the country that fall below the resource threshold, and that in general, the north west of the 
country has a better solar resource. It would however, perhaps be more difficult to create areas of 
interest for South Sudan in the way that IRENA and LBNL did for the other countries in the EAC (LBNL 
and IRENA, 2015), as a more robust GIS dataset would be desired in order to pinpoint higher 
resource areas of the country.  
 
As mentioned in the results of the Global Atlas analysis, IRENA & LBNL (2015) found essentially no 
suitable zones for solar PV, solar CSP, or wind power in South Sudan. In their work they refer only 
to Sudan rather than distinguishing between the two countries and it seems that the zone that is 
found in South Sudan was part of a zone in Sudan. It was labelled as such in the layer’s attribute 
table. 
 

GIS Analyses  

Global Atlas 

The IRENA and LBNL clean energy corridor work found that although there are very large areas of 
land within the EAC that are deemed to be suitable for development of utility scale renewable 
energy plants, the member countries are not equally represented in the figures. Kenya has far and 
away the most resources, with the wind energy area for Kenya being 10 times that of all the other 
EAC countries combined, and five times the combined area of the other countries when it comes to 
solar PV (Table 5).  
 
As the Global Atlas includes grid transmission and distance to the grid in its GIS-MCA (LBNL and 
IRENA, 2015), it appears that areas and indeed whole countries that have limited electricity grids 
are being excluded from the analysis on this basis. This then means that even when there is ample 
resource and a population nearby which needs electricity in order to meet the SDG 7 targets, the 
Global Atlas analysis could exclude the area based on a lack of transmission infrastructure. It seems 
from the results of this analysis that this has in fact been the case, with South Sudan barely 
registering, and the other EAC countries excepting Kenya and Tanzania having very few zones of 
suitability. 
 
A similar issue occurs where forested areas are excluded from the GIS-MCA. Removing areas from 
the analysis on this basis effectively excludes large swathes of East Africa based on its climate and 
the vegetation of its land cover (Camberlin, 2018). IRENA and LBNL (2015) excluded all types of 
forest except for “tree open” which was used to exclude solar PV and CSP but not wind. Croplands 
were also excluded for the solar technologies. While clearing large areas of forest has the potential 
to have negative environmental, social, and economical consequences (Wright and Boorse, 2011), 
it is odd to exclude these areas at an early stage of zoning. Not excluding wind power based on the 
“tree open” category indicates that some forms of forest are considered acceptable for clearing and 
development in this methodology, while others are not. Land used for commercial forestry in 
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Scotland has been utilised for wind farms in the last two decades (Scottish Natural Heritage, 2019) 
and unless land is protected for other reasons, excluding forest from a zoning study severely limits 
the area available for development when it might be suitable from a sustainable development 
perspective. 
 
There is clearly a difference in the ecological value of single species commercial plantations in a 
temperate climate and tropical forests (Wright and Boorse, 2011), but this is something that could 
perhaps be better assessed on a national, regional or site basis rather than excluding these areas 
across large swathes of the continent. The decision to exclude croplands from the Global Atlas 
results for some technologies is also strange. Wind turbines can be placed across agricultural 
landscapes (Scottish Natural Heritage, 2019), so their inclusion makes sense, but given that solar 
panels require space between rows of panels to prevent the panels from shading one another (Miller 
and Lumby, 2012), in any environment where farming is done on a small scale, or where heavy 
machinery is not commonly employed, certain crops can be grown around and between solar 
panels. This suggests that solar PV could be deployed in non-mechanised agricultural landscapes 
and could therefore be included rather than explicitly excluded in the Global Atlas GIS-MCA 
methodology. 

 
The Global Atlas analysis (LBNL and IRENA, 2015) also struggles to account for South Sudan. The 
almost total lack of suitable areas despite the raw resource potential of the country (Fig. 13 and 15) 
indicates that IRENA & LBNL failed to account for the potential of renewable energy development 
in South Sudan. One potential reason for this is that a lack of existing grid infrastructure contributed 
to excluding the country from the results. This is due to the limited grid connections in the country 
(Gallucci, 2020), and the inclusion of proximity to substations as a criteria in LBNL and IRENA’s (2015) 
GIS-MCA. Sudan, but not South Sudan is listed as one of the EAPP/SAPP countries where GIS-MCA 
was performed (LBNL and IRENA, 2015). The report does mention South Sudan as a separate country 
once, which reduces the chance of the country being included with the data for Sudan by mistake. 
As discussed in the methodology, some of the EAC countries are listed as having a resource threshold 
of 280 W/m2 for the GHI, which would effectively exclude South Sudan (and most of the rest of the 
EAC) from the analysis. As previously stated however, it is understood that 210 W/m2 is the actual 
value used and that the country would therefore not be excluded on this basis.  
 
Whatever the reason, the exclusion of a country from the Global Atlas of Renewable Energy, even 
when that resource shows zones of suitability in Sudan (IRENA, 2019b), questions the validity of the 
methods employed to create the Global Atlas. For such an important and potentially useful tool, 
missing off a country, even a new one with a history of conflict, is problematic. It is possible that 
after South Sudan gained its independence and the Global Atlas was being produced, that the civil 
war and the state of South Sudan’s energy sector at the time was such that IRENA decided to exclude 
it from the analysis. There would be some rationale behind this way of thinking, as South Sudan has 
been described as having the worst access to electricity in the world (Mabea and Okoli, 2019) and 
the civil war only ceased in February 2020 (Cumming-Bruce, 2020). However, the absence of South 
Sudan from the current version of the Global Atlas is disappointing. 
 
Another concern with the methodology comes from the presence of some protected areas in the 
final zones produced by the Global Atlas (Table A7). The World Database of Protected Areas, from 
which the protected areas are sourced is updated monthly (Protected Planet, UN WCMC and IUCN, 
2020), and as IRENA & LBNL (2015) applied a 500m buffer to this data, protected areas that are a 
part of the database should not be present. Without access to maps showing excluded areas at each 
step of IRENA and LBNL’s GIS-MCA, it is not possible to say at how or at what stage of the analysis 
these zones have come to be included in the suitable zones.  
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GIS-MCA Suitability Analysis 

Resources and exclusion 

The zones identified for wind power as part of the original GIS analysis in this thesis cover 23.5% of 
Kenya, an area of 136,145 km2, a much larger area and a higher percentage than the other member 
countries. Tanzania follows with 7.7% and 72,660 km2 (see Table 6). The wind resources meeting the 
minimum resource threshold available in the eastern half of the EAC are much greater than those 
in the rest of the EAC. This can be seen in Figure 13, which also includes applicable offshore areas 
along the coasts of Kenya and Tanzania. This figure is interesting in showing the power density above 
the resource threshold, which shows that while zoning can identify areas where development could 
take place, the quality of a resource will have an impact on the thinking and planning of anyone 
considering renewable energy development in that location. Though Figure 12 shows zones in the 
central and eastern parts of Kenya, the zones in the north and north west of the country have a 
greater concentration of wind resources with a power density above 500 W/m2 in part due to their 
distance from the low windspeeds of the intertropical convergence zone (Camberlin, 2018). These 
zones are in similar areas to the ones identified by the Global Atlas (Figure 10), and given the high 
power density, it might be expected that these areas will have a faster payback time for the project 
cost. 
 
The prevalence of suitable solar resources in the EAC (Figure 15) means that the suitability of an 
area for solar PV is determined more on the choice of excluding criteria rather than the limitations 
of the resource. This makes the choice of excluding buffers more relevant than for wind, and with 
falling panel costs (Miller and Lumby, 2012; Edenhofer et al., 2012), solar should be a ubiquitous 
source of electricity for the region.  
 
One relevant criterion that was not used in this analysis was slope. This is ordinarily included for 
large scale wind and solar GIS-MCAs due to issues with siting equipment on steep slopes, as well as 
issues with resource interference from turbulence and shadow for wind and solar respectively (LBNL 
and IRENA, 2015; Morrissey, 2019). However, wind farms can and often are sited on high and 
consequently sloping areas in order to reach the best wind resources, and smaller scale solar 
systems that might be rooftop based are far less vulnerable to sloping sites. This criterion has 
therefore been excluded from the analysis with the understanding that any preliminary site 
exploration or a smaller scale GIS-MCA would take this into account.  
 
Comparison 

While the results of the suitability analysis do not provide firm areas of where development could 
take place, they do demonstrate that there is the potential for the development of much more 
renewable energy across the EAC than the IRENA/LBNL work would suggest. This level of resource 
availability and buffering provides a starting point for interested developers to begin their own 
analysis of suitable sites. Taking wind power as an example, there are many more criteria that a 
developer needs to consider before moving forward to searching for interested landowners. These 
include bird surveys, geological analysis, the inclusion of aviation and military zoning, slope analysis, 
current land-use analysis and more detailed exploration of dwellings near to proposed sites (Scottish 
Natural Heritage, 2019). Only once all of these are included can a developer satisfy themselves that 
it is worth moving forward with a potential development.  
 
It is important to remember that IRENA & LBNL’s work is based on a power infrastructure system 
rooted in standard grid-based transmission. The GIS layers that have been produced for the Global 
Atlas are split by power pool rather than country or other political divisions and this goes some way 
to explaining the differences between the Global Atlas zoning and the GIS-MCA performed as part 
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of this thesis. Not using any power grid based criteria in the GIS-MCA has probably contributed to 
the larger suitability areas found in the suitability analysis.  
 
The presence of so much suitable solar resource underlying the two GIS analyses shows the 
importance of selecting criteria for a zoning analysis. The differences between Figures 9 and 14 show 
that different analyses can end in wildly different results. There is a lot more potential for renewable 
energy generation in the EAC than the Global Atlas suggests. The lack of transmission infrastructure 
already discussed means that alternative generation infrastructure will be needed to meet the large 
demand that would be needed to achieve universal access by 2030, or even to provide electricity 
access for the continuing development of the EAC beyond that date. A discussion of the potential 
future power systems will follow to adequately discuss this infrastructure.  
 
In comparing the results of the two GIS analyses, the results from Tables 7 and 8 should be borne in 
mind. The projected energy demand totals arrived at in Table 8 are not small values. However, even 
the highest result based on the average energy consumption of the EU 28: 1,530 TWh/year for the 
whole of the EAC, could be met through the output of most of the EAC countries on their own, even 
based on the lower Global Atlas results. Only Burundi and South Sudan would generate less power 
than required, and the other countries would be able to generate enough electricity for the whole 
EAC from solar PV alone.  
 
This is clearly a very simplistic analysis. This assumes that every square kilometre identified by IRENA 
& LBNL (2015) is turned over to solar power, stopping all other development in those areas, that the 
power is generated at exactly the right times to be consumed, and that one country would consent 
to be covered with solar developments to power the rest of the EAC. However, in the example 
above, the energy demand value is based on the average demand of an individual in the EU 28, 
which was 61 times greater than an individual in Kenya as of 2017 (IEA, 2020a). Not only is that a 
huge increase in per-capita electricity demand, but it is also based on the population growth 
expected in the EAC in the next decade. Even with this, the zones identified for just one technology 
by IRENA & LBNL (2015) are easily sufficient to meet total demand.  
 
By using the larger zones identified in the GIS-MCA, the projected electricity demand by 2030 can 
be met many times over, regardless of which demand scenario is used. Again, this is for only one 
technology type, and some demand would be met by other technologies in the future electricity mix 
of the EAC. The intention of this simple analysis is not to accurately model either demand or supply 
of electricity in the EAC in 2030, but rather to project possible electricity demand. In doing this, it 
could arguably be demonstrated that there is more than enough potential for renewable energy in 
the borders of the EAC for internal demand to be met. This is true even if the smaller zones identified 
for the Global Atlas are used. What is especially revealing is that even with the highest demand 
scenario (EU 28), South Sudan would be able to generate enough power from solar PV alone to meet 
demand, and there are only 18 square kilometres of zoned land in the country’s borders.   
 
Leaving no one behind is a huge challenge, one that is by no means certain to be achieved, and 
connecting the final households will likely be more difficult and more expensive than reaching the 
low hanging fruit of connecting urban areas. Least-cost studies highlight the important role of mini-
grids in achieving electrical connectivity (Morrissey, 2019; Mikul et al., 2015; Edenhofer et al., 2012). 
The varying size and scalability of mini-grids also means that they can be used in a variety of 
situations that sidestep some normally project halting criteria. When employing small numbers of 
solar panels rather than utility scale systems for example, the slope of the underlying ground is less 
relevant. Small areas of suitable ground might be found for the panels in even quite sloped terrain. 
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In this respect, the Global Solar Atlas’s (The World Bank Group, 2020a) ability to provide a detailed 
breakdown of a specific site means that it is of more use than a specific zoning study on a large scale.    
 
Future power systems 

Even with the differences in findings, the results of the two GIS analyses show that there is an 
abundance of underlying renewable energy resources in the EAC. With this in mind, what is the 
potential for the EAC to really develop their power systems based on these resources? The creation 
of power systems that rely on fossil fuels has been shown to create a self-reinforcing system that is 
difficult to break out of (Högselius, 2019). At the same time, it is imperative for the future of the 
Earth’s climate that humanity move away from such systems and develop clean power systems 
instead (Edenhofer et al., 2012), yet development agencies are still funding fossil fuel developments 
in SSA over renewable ones (Carrington, 2020).  
 
Due to the pressing need to meet SDG 7, it seems likely that fossil fuels still have a role to play, at 
least in the creation of dispersed energy systems where diesel generators can function as backups 
or grid stabilisers (Morrissey, 2019, 2017; IEA, 2019a; IEA et al., 2019). Yet, thanks to the resource 
potential of the region, the EAC has a real opportunity to build power systems that connect its 
growing number of electricity consumers to low carbon energy sources from the outset instead of 
having to transition away from fossil fuel power plants that are likely to become uncompetitive in 
the near future, if they are not already (Carbon Tracker, 2020).  
 
The Covid-19 pandemic has caused disruption to the global energy system that is unprecedented in 
the 21st century. With overall energy demand diminished, it is expected that renewables will be 
meeting an increased share of generation, and the IEA predict a 5% growth in the sector in 2020 
(IEA, 2020b). This is expected to hasten global transitions to low carbon energy sources, but the IEA 
warns that global energy investment has reduced greatly as a result of the pandemic and that 
renewable investment is down 10% in 2020. Even compared to a 30% fall for oil and a 15% fall for 
coal, they warn that this is the time to make a switch to investment in renewable power (IEA, 2020c). 
This geopolitical development could be seen as both a challenge and an opportunity for the EAC, 
with the excellent renewable energy potential examined in this thesis acting as a starting point for 
investments in low carbon energy as part of the Covid-19 economic recovery. 
 
One of the disadvantages of solar PV and wind as renewable power options is that they are 
intermittent, meaning that grids cannot be built on wind and solar PV alone (Edenhofer et al., 2012). 
The existence of sources of dispatchable renewable energy in the EAC, including hydro and 
geothermal power (East African Community, 2019; REN21, 2016) means that development of these 
resources and interconnected grids across national boundaries can help to stabilise the more 
intermittent power sources that have been examined in this thesis (Edenhofer et al., 2012). Steps 
to ensure future regional connectivity are already underway. The EAC countries have been working 
to harmonise their electrical systems as they expand them to enable power trading (Mabea and 
Okoli, 2019), with grid stabilisation a potential beneficiary of this work.  
 
These inter-EAC connections will naturally produce new energy entanglements, but many of these 
will be between countries that already intend to create a closer political and economic union (East 
African Community, 2020) rather than with providers of either imported fossil fuels or extraction 
expertise for fossil fuel production (Chirambo, 2018). These will be replaced by connections with 
countries exporting renewable generators including both solar PV systems and wind turbines 
(Högselius, 2019), but this technology dependency could be seen as preferable to a fuel-based 
dependency as previously discussed.  
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Bypassing fossil fuel based electricity systems would also help to solve some of the EAC’s other 
pressing energy related issues, not least the damaging effects of traditional biomass usage. The raw 
availability of renewable energy resources, and the competitive costs of the technologies needed to 
harness them means that the EAC is in an excellent position to develop small or regional scale power 
grids that can help to provide an alternative for biomass in traditional cookstoves. However, it 
should be noted that there is no one solution to the issues of traditional biomass usage. It is a 
nuanced and complicated issue, with Masera et al. (2015), listing electricity access third alongside 
LPG usage on a list of the most important steps to be taken to improve the situation, behind 
adjustments to the existing system. In this context, the grid and mini-grid expansions discussed here 
have the potential to contribute to addressing this challenge, albeit as part of a wider attempt to 
solve some of these issues. 
 

Study Limitations 

Data availability has already been discussed, yet it acts as a large hindrance in building national scale 
analyses of energy systems or multi-criteria analyses. This will continue to slow down site 
identification for renewable energy projects as the business development of such projects requires 
sufficient information to ensure that a site will not cease to be viable due to technical, 
environmental, or social reasons (Miller and Lumby, 2012). In the case of this thesis, the low level 
of detail of the energy systems of the EAC permitted only a simple examination of the energy flows 
of the member countries. A lack of information about the certainty of these data further hindered 
the analysis. An absence of readily available base mapping resources also resulted in the GIS-MCA 
having only a few data layers to draw on. While these give a good overview of the situation in the 
EAC, additional data could perhaps have enabled a more detailed analysis. 
 
A final limitation of the study involves the availability of relevant literature for the combination of 
topic and study area. REN21’s study of the energy situation in the EAC (REN21, 2016) can be taken 
as a reference point for energy work in the region, but there is a limited pool of papers and reports 
on the EAC’s energy situation. While this is one of the reasons for choosing this topic and region for 
this thesis, it has made comparisons to relevant literature more challenging to make.  
 

Study Significance 

The main value of this thesis is derived from the analysis and comparison of the Global Atlas of 
Renewable Energy results for the EAC. The Global Atlas is an exceedingly valuable tool, but in the 
execution of this thesis, it became apparent that it has some large issues which might impact on the 
bankability of renewable energy projects in parts of the EAC. By taking a step back and examining 
the resource availability in the region, then looking at some of the main criteria for excluding a site 
from having development potential, the reasons for the Global Atlas’s results become clear. 
Developers, planners, and policy makers should be aware that there is the potential for renewable 
energy projects to be developed across the region, regardless of what the Atlas shows. These 
projects might require some flexible thinking to realise, but in order to meet the SDG 7 targets, such 
thinking could be argued to be a necessity.  
 

Future Studies 

When discussing additional relevant study, the first thing that should be addressed is what concrete 
steps various policy makers and advisors can take to develop the abundant resources of the EAC 
over fossil fuel development. There is a clear need for such projects, and helping governments, 
NGOs, and international organisations to support this development in a safe and sustainable way 
should certainly be an avenue for further research. This could perhaps be best assessed using a form 
of analytical backcasting, connecting the potential resources of the EAC to the projected future 
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demand and then determining steps that could be taken to progress from the present situation to 
the desired future outcome.  
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Conclusions 
 
Leapfrogging more developed countries on the path to a low carbon power system is a potential 
future that is more realistic for the EAC than it has been before. The necessary technologies are 
mature enough and the resources abundant enough for the EAC to be able to seriously consider 
steps that could be taken to develop such systems. The large flows and usage of biomass for primary 
energy that have been highlighted in this thesis are a major hurdle to achieving a low carbon and 
electrified future. As electricity access expands in the next decade however, the importance of the 
region’s power grids in providing clean and reliable electricity will increase, and the use of renewable 
power will be critical for the EAC’s economic and environmental standing in the future.  
 
In mapping the current energy flows within and between the EAC countries, it was found that flows 
of biomass dominate primary energy across the EAC, with oil making up the majority of energy flows 
related to the transportation sector. Electricity usage was also found to be a small part of the energy 
flows across the region. Import and export flows are small for most of the EAC, with South Sudan 
the outlier, having large export flows of unrefined oil.  
 
This thesis has aimed to show the potential of the EAC to meet its electricity needs under SDG 7 with 
renewable energy. While it has not made the final connections to suggest policies that would help 
to meet this potential, it has shown through the two GIS analyses that there are an abundance of 
solar and wind resources that would be suitable for exploitation by mature power generation 
technologies. The findings from objective 2, establishing the baseline projected generation potential 
in the EAC, show that the existing and influential work of the Global Atlas of Renewable Energy has 
identified surprisingly limited suitability zones across the region. In the process of applying criteria 
to large areas with sufficient raw resources, the Global Atlas was able to identify only small zones of 
suitability for both solar PV and wind. 
 
The third objective of this thesis was to map technically and environmentally suitable locations for 
wind and solar PV in the EAC. This highlighted that a high-level assessment of the region, such as 
those that a developer might take forward for further investigation, finds large areas that would be 
suitable for solar PV in every country of the EAC. The picture for wind is more mixed, with Kenya, 
Tanzania, and South Sudan having access to more suitable areas than their fellow member states. 
This project has also sought to highlight the importance of criteria when working on GIS analyses, 
and has contrasted the suitability zones produced as part of the Global Atlas of Renewable Energy 
with broader areas of suitability that leave the door open to smaller scale and mini-grid projects.  
These will arguably be necessary if the countries of the EAC are to reach their SDG 7 targets. The 
contrast in the areas identified between the two GIS analyses serves to show the difference in 
findings that varying criteria can result in.  
 
By assessing possible electricity demand and the generation potential of the suitability zones 
identified (objective 4), it has been possible to show the potential of the EAC to generate renewable 
energy through solar PV and wind power. The results of this part of the thesis showed that, factoring 
in population growth, even with increases of electricity usage in the EAC to 61 times Kenya’s average 
per capita usage in 2017, the smaller areas of suitability identified for the Global Atlas were sufficient 
to meet demand. 
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The findings summarised above have permitted a discussion of possible future energy systems in 
relation to the results of this thesis. While it has been noted that access to sustainable energy under 
SDG 7 includes the wider energy systems of the EAC, not just the supply of electricity, increased 
electrical connections will increase the importance of this part of the EAC’s energy systems. The 
suitability maps presented act as a high-level assessment of the region’s potential, and it has been 
argued that the EAC has the capability to meet much of its future electricity needs from renewable 
power.  
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Appendix A 
 

 
Figure A1: Mapping analysis showing solar PV, solar CSP, and wind power zones in the EAC. Note the very small 

zone in the centre north of South Sudan, adjacent to the Sudanese border. Solar SAPP in the legend refers to zones 
that are associated with the SAPP and are not relevant to distinguish from the rest of the Solar PV zones in this 

figure. 
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Figure A2: Mapping analysis showing solar CSP zones in the EAC, excluding South Sudan. 
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Table A1: Data sources by thesis element. 

Analysis Data/Criteria Year Source Uncertainty/Resolution Notes  

Energy 
Flow 

Burundi national energy balance 2016 (United Nations, 2019) ±5% Single reliable source  

Energy 
Flow 

Kenya national energy balance 2016 (United Nations, 2019) ±5% Single reliable source  

Energy 
Flow 

Rwanda national energy balance 2016 (United Nations, 2019) ±5% Single reliable source  

Energy 
Flow 

South Sudan national energy balance 2016 (United Nations, 2019) ±5% Single reliable source  

Energy 
Flow 

Tanzania national energy balance 2016 (United Nations, 2019) ±5% Single reliable source  

Energy 
Flow 

Uganda national energy balance 2016 (United Nations, 2019) ±5% Single reliable source  

Global 
Atlas 

CSP Zones EAPP 2015 Global Atlas of Renewable Energy 3.0 
(IRENA, 2019b) 

500m resolution raster  

Global 
Atlas 

CSP Zones SAPP 2015 Global Atlas of Renewable Energy 3.0 
(IRENA, 2019b) 

500m resolution raster  

Global 
Atlas 

PV Zones EAPP 2015 Global Atlas of Renewable Energy 3.0 
(IRENA, 2019b) 

500m resolution raster  

Global 
Atlas 

PV Zones SAPP 2015 Global Atlas of Renewable Energy 3.0 
(IRENA, 2019b) 

500m resolution raster  

Global 
Atlas 

Wind Zones EAPP 2015 Global Atlas of Renewable Energy 3.0 
(IRENA, 2019b) 

500m resolution raster  

Global 
Atlas 

Wind Zones SAPP 2015 Global Atlas of Renewable Energy 3.0 
(IRENA, 2019b) 

500m resolution raster  

GIS-MCA Power density/Wind resource 2020 Global Wind Atlas (Badger et al., 2019) 250m resolution raster  

GIS-MCA Global horizontal irradiation/Solar 
resource 

2020 Global Solar Atlas (The World Bank 
Group, 2020a) 

250m resolution raster  

GIS-MCA Global Lakes and Wetlands Database 
Levels 1 – 3 / Water buffer 

2020 World Wildlife Fund (World Wildlife 
Fund, 2020) 

1km resolution raster 1km 
Buffer 
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GIS-MCA World Database on Protected Areas 
/Protected areas buffer 

2020 Protected Planet (Protected Planet, 
UN WCMC and IUCN, 2020) 

Vector 500m 
Buffer 

GIS-MCA Africapolis Urban Areas / Urban areas 
buffer 

2020 Africapolis (Sahel and West Africa Club 
Secretariat and OECD, 2018) 

Moderate spatial uncertainty due 
to stated methodological 
difficulties (see data collection for 
more information) 

500m 
Buffer 
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Table A2: Energy Flow Analysis Data Burundi: All Values in Terajoules (UN, 2019). 

NPP - TEP TEP - Final Consumption Final Consumption By Use Crosses System Boundary 

Flow 
Category 

Flow 
Code 

Value 
Flow 

Category 
Flow 
Code 

Value Flow Category 
Flow 
Code 

Value Flow Category 
Flow 
Code 

Value 

Biomass B1 55387 Biomass B20 48705 Biomass B30 48110 Imports Electricity I:2 360 

Electricity E1 516 Biomass B21 
 

Biomass B31 596 Imports Oil I:4 
 

Natural 
Gas 

N1 
 

Electricity E20 604 Biomass B33 
 

Imports Coal I:5 6445 

Oil O1 
 

Natural Gas N20 
 

Electricity E30 387 Exports Biofuel EX:1 9 

Coal C1 140 Natural Gas N21 
 

Electricity E31 311 Exports Electricity EX:2 
 

   
Oil O20 6072 Electricity E33 80 Exports Oil EX:4 

 

   
Oil O21 307 Natural Gas N30 

 
Statistical Differences Biomass SD:1 

 

   
Coal C20 140 Natural Gas N31 

 
Statistical Differences Electricity SD:2 12       

Natural Gas N33 
 

Statistical Differences Oil SD:4 
 

      
Oil O30 33 Energy Industry Use Biomass EI:1 

 

      
Oil O31 48 Energy Industry Use Electricity EI:2 29       
Oil O32 5635 Energy Industry Use Oil EI:4 

 

      
Oil O33 

 
Transformation Electricity T:2 87       

Coal C30 140 International Bunkers Oil IB:4 67       
Coal C31 

 
Losses Biofuel L1:1 

 

      
Coal C33 

 
Losses Electricity L1:2 144          
Losses Oil L1:4 

 

         
Other Transformation Biomass OT:1 6682          
Further Losses Electricity L2:2 133          
Non-Energy Use Oil NE:4 356 
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Table A3: Energy Flow Analysis Data Kenya: All Values in Terajoules (UN, 2019). 

NPP - TEP TEP - Final Consumption Final Consumption By Use Crosses System Boundary 

Flow 
Category 

Flow 
Code 

Value 
Flow 

Category 
Flow 
Code 

Value 
Flow 

Category 
Flow 
Code 

Value Flow Category 
Flow 
Code 

Value 

Biomass B1 559903 Biomass B20 348962 Biomass B30 248356 Imports Electricity I:2 311 

Electricity E1 175890 Biomass B21 15460 Biomass B31 14616 Imports Oil I:4 296849 

Natural Gas N1  Electricity E20 27398 Biomass B33 116983 Imports Coal I:5 12668 

Oil O1  Natural Gas N20  Electricity E30 7225 Exports Biofuel EX:1  

Coal C1 140 Natural Gas N21  Electricity E31 18925 Exports Electricity EX:2 141 
   Oil O20 182574 Electricity E33 3896 Exports Oil EX:4 76382 
   Oil O21 7747 Natural Gas N30  Statistical Differences Biomass SD:1  

   Coal C20 12668 Natural Gas N31  Statistical Differences Electricity SD:2 1234 
      Natural Gas N33  Statistical Differences Oil SD:4  

      Oil O30 23767 Energy Industry Use Biomass EI:1  

      Oil O31 14227 Energy Industry Use Electricity EI:2 180 
      Oil O32 140923 Energy Industry Use Oil EI:4  

      Oil O33 1683 Transformation Electricity T:2 140173 
      Coal C30  International Bunkers Oil IB:4 31073 
      Coal C31 12668 Losses Biofuel L1:1  

      Coal C33  Losses Electricity L1:2 7075 
         Losses Oil L1:4  

         Other Transformation Biomass OT:1 195481 
         Further Losses Electricity L2:2 20559 
         Non-Energy Use Oil NE:4 1974 
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Table A4: Energy Flow Analysis Data Rwanda: All Values in Terajoules (UN, 2019). 

NPP - TEP TEP - Final Consumption Final Consumption By Use Crosses System Boundary 

Flow 
Category 

Flow 
Code 

Value 
Flow 

Category 
Flow 
Code 

Value Flow Category 
Flow 
Code 

Value Flow Category 
Flow 
Code 

Value 

Biomass B1 83602 Biomass B20 68072 Biomass B30 62402 Imports Electricity I:2 282 

Electricity E1 1051 Biomass B21  Biomass B31 5670 Imports Oil I:4 12606 

Natural 
Gas 

N1 990 Electricity E20 444 Biomass B33  Imports Coal I:5  

Oil O1  Natural Gas N20  Electricity E30 1080 Exports Biofuel EX:1  

Coal C1  Natural Gas N21 990 Electricity E31 540 Exports Electricity EX:2 16   
 Oil O20 10542 Electricity E33 396 Exports Oil EX:4  

   
Oil O21 2064 Natural Gas N30  Statistical Differences Biomass SD:1  

   
Coal C20  Natural Gas N31  Statistical Differences Electricity SD:2 10       

Natural Gas N33  Statistical Differences Oil SD:4  
      

Oil O30 548 Energy Industry Use Biomass EI:1  
      

Oil O31 516 Energy Industry Use Electricity EI:2  
      

Oil O32 8079 Energy Industry Use Oil EI:4  
      

Oil O33 1018 Transformation Electricity T:2 1230       
Coal C30  International Bunkers Oil IB:4 970       
Coal C31  Losses Biofuel L1:1  

      
Coal C33  Losses Electricity L1:2 521          

Losses Oil L1:4  
         

Other Transformation Biomass OT:1 15529          
Further Losses Electricity L2:2 1482          
Non-Energy Use Oil NE:4 381 
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Table A5: Energy Flow Analysis Data South Sudan: All Values in Terajoules (UN, 2019). 

NPP - TEP TEP - Final Consumption Final Consumption By Use Crosses System Boundary 

Flow 
Category 

Flow 
Code 

Value 
Flow 

Category 
Flow 
Code 

Value Flow Category 
Flow 
Code 

Value Flow Category 
Flow 
Code 

Value 

Biomass B1 8103 Biomass B20 6522 Biomass B30 6209 Imports Electricity I:2  

Electricity E1 6 Biomass B21  Biomass B31  Imports Oil I:4 23948 

Natural Gas N1  Electricity E20 264 Biomass B33 313 Imports Coal I:5  

Oil O1 249189 Natural Gas N20  Electricity E30 641 Exports Biofuel EX:1  

Coal C1  Natural Gas N21  Electricity E31  Exports Electricity EX:2  
   

Oil O20 14842 Electricity E33 806 Exports Oil EX:4 246228    
Oil O21 6067 Natural Gas N30  Statistical Differences Biomass SD:1 139    
Coal C20  Natural Gas N31  Statistical Differences Electricity SD:2 7       

Natural Gas N33  Statistical Differences Oil SD:4 300       
Oil O30 182 Energy Industry Use Biomass EI:1 13       
Oil O31 348 Energy Industry Use Electricity EI:2 49       
Oil O32 13276 Energy Industry Use Oil EI:4 2961       
Oil O33 1036 Transformation Electricity T:2 1573       
Coal C30  International Bunkers Oil IB:4 2690       
Coal C31  Losses Biofuel L1:1 30       
Coal C33  Losses Electricity L1:2 76          

Losses Oil L1:4 648          
Other Transformation Biomass OT:1 1401          
Further Losses Electricity L2:2 4884          
Non-Energy Use Oil NE:4  
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Table A6: Energy Flow Analysis Data Tanzania: All Values in Terajoules (UN, 2019).  

NPP - TEP TEP - Final Consumption Final Consumption By Use Crosses System Boundary 

Flow 
Category 

Flow 
Code 

Value Flow 
Category 

Flow 
Code 

Value Flow Category Flow 
Code 

Value Flow Category Flow 
Code 

Value 

Biomass B1 947388 Biomass B20 826442 Biomass B30 637162 Imports Electricity I:2 367 

Electricity E1 8608 Biomass B21 378 Biomass B31 125132 Imports Oil I:4 125680 

Natural Gas N1 29121 Electricity E20 3309 Biomass B33 64148 Imports Coal I:5  

Oil O1  Natural Gas N20 6119 Electricity E30 8996 Exports Biofuel EX:1  

Coal C1 7121 Natural Gas N21 23002 Electricity E31 5299 Exports Electricity EX:2  
   

Oil O20 109623 Electricity E33 5598 Exports Oil EX:4  
   

Oil O21 6261 Natural Gas N30  Statistical Differences Biomass SD:1  
   

Coal C20 7121 Natural Gas N31 6119 Statistical Differences Electricity SD:2 1548      
826442 Natural Gas N33  Statistical Differences Oil SD:4  

      
Oil O30 6988 Energy Industry Use Biomass EI:1  

      
Oil O31 4282 Energy Industry Use Electricity EI:2 90       
Oil O32 95356 Energy Industry Use Oil EI:4  

      
Oil O33 946 Transformation Electricity T:2         
Coal C30  International Bunkers Oil IB:4  

      
Coal C31 7121 Losses Biofuel L1:1  

      
Coal C33  Losses Electricity L1:2 4028          

Losses Oil L1:4  
         

Other Transformation Biomass OT:1 120568          
Further Losses Electricity L2:2 13057          
Non-Energy Use Oil NE:4 2050 
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Table A7: Protected areas with resource zones allocated to them by IRENA & LBNL (2015). 

Protected Area Designation Solar PV Zones Wind Zones 

Loliondo Game Control Area tz_AN, tz_AM, tz_AQ, 
tz_AR 

tz_W, tz_V 

Lake Natron Game Control Area tz_AO, tz_AI, tz_AL, 
tz_AK, tz_AJ 

 

Mto wa Mbu Game Control Area tz_AK tz_R 
Monduli Juu Open Area tz_AJ  
Burko Open Area tz_AK, tz_AL tz_R 
Lolkisale Game Control Area tz_M  
Simanjiro Game Control Area tz_M, tz_N, tz_H tz_K 
Ruvu Masai Game Control Area tz_L, tz_G tz_J 
Makame Wildlife Management 

Area 
tz_H tz_J 

Kitwai Game Control Area tz_G, tz_D, tz_I tz_E 
Nyahua Mbuga  Forest reserve tz_BF  
Msuluguda Open Area  tz_A 
Chaya Open Area  tz_A 
Nyambene (Kenya) National Reserve 

(Kenya) 
ke_FF ke_P, ke_M 
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