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Abstract 
In this study we analyzed the generation and the potential of the electricity 
capacity of energy mix in East Africa from 2020 to 2040 including CO2 emis-
sion. The predicted results show that the electricity generated from hydro will 
dominate compared to gas, oil, coal, Solar PV, bio-energy and other renewa-
ble energy. Some forms of energies such as bio-energy, solar PV will contri-
bute less, while the contribution of nuclear will remain insignificant. The oil 
will continue to emit a lot carbon dioxides compared to the emission from gas 
and coal. The emission of CO2 from total final consumption (TFC) of oil will 
be high compared to its emission from power generation (PG) of oil. More 
importantly, the results show a linear relationship between the energy outlook 
and time. This approach of modeling the energy in a linear form simplifies 
significantly the analysis of the electricity generation and capacity. Due to this 
high emission of CO2, a new policy and a transition from conventional to re-
newable should be implemented with clean and energy efficiency technology. 
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1. Introduction 

Africa continent currently has 147 GW installed capacity which is comparable to 
what china installs in less than two years. The average energy consumption 
per-capita in Sub-Saharan Africa (excluding South-Africa) is 153 Kwh per year 
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which is one fourth of the consumption in India and just 6% of the global aver-
age. Nearly 600 million people in Africa lack access to electricity [1]. East Africa 
(EA) encompasses all countries located in Eastern region of Africa. Currently, 
over 81% of the population in the five EA countries has no access to modern 
energy services. Most of East African countries use traditional biomass burnt in 
open three-stone stoves which exposes the users to health hazards from indoor 
smoke and fire hazards, and results to rapid deforestation [2]. The lack of access 
to energy due to many reasons such as financial, instability, security, no strong 
policies implantation in energy sector, are a big challenge in those countries. 
However, some efforts were put in place to increase accessibility to energy whe-
reby energy sector was strengthened. East Africa has enormous energy potential 
including solar, wind, hydro, geothermal, biomass and fossil fuels [3]. Harness-
ing the potential of these resources can help to address the energy demand gap.  

In 2010, about 590 million African people (57% of the population) had no 
access to electricity, and 700 million (68% of the population) were living without 
clean cooking facilities. Africans currently consume only one quarter of the 
global average energy per capita, using a mix of hydropower, fossil fuels and 
biomass mostly in traditional uses [4]. If these current energy access trends con-
tinue, in 2030 there will still be 655 million people in Africa (42% of the popula-
tion) without access to power, and 866 million (56% of the population) without 
clean cooking facilities, depriving the majority of the population of the opportu-
nity to pursue a healthy and productive life [4]. By 2050, the population of the 
continent will be at least 2 billion people, twice as many as today, with 40% liv-
ing in rural areas [4]. 

Africa population is growing rapidly, and its economies are developing and 
diversifying. In order to be sustained, this growth will need to be fuelled by a 
massive investment in energy [4]. 

East Africa is growing fast, as are its power needs. In the next two decades, 
electricity demand in the region is expected to quadruple to pursue a healthy and 
productive life. Providing full electricity access to all Africans would require only 
an additional 900 TWh over 20 years, an amount that corresponds to one year of 
current additional global power consumption [4]. 

The present study was based on the evaluation of the electricity generation, 
electrical capacity, carbon emission from power generation and total energy 
consumption. It projects also what will be the outcome of those energy subsec-
tors up to 2040. This work will focus on both power generation and total final 
consumption (TFC) in East Africa region. The data obtained from International 
Energy Agency report of 2014 in African century case is analyzed, including 
electricity generation, electricity capacity and carbon emissions [5]. We exam-
ined the future projection of these forms of energy and how these forms of 
energy will be used up to 2040. This finding will help policies makers in this re-
gion to set strong measures to mitigate emission from use on conventional 
energy. Correlation between these forms of energy against time will be also pre-
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sented. 

2. Electricity Generation and Installed in East Africa Region 

East Africa region (EA) is one of the five regions of Africa continent which is 
composed by 14 countries. The access to electricity in this region is below com-
pared to other regions. The biomass is the major primary energy used, especially 
for cooking and heating. In this region many countries have high potential re-
sources but still not exploitable. There are potential in hydro, wind, solar irradi-
ation, bio-energy and some of them have oil and natural gas reserves. The in-
stalled capacity in 2010 was more than 38 GW where 160 TWh of electricity 
generation came from gas-fired power plant [6] (IRENA). Electricity importa-
tion in this region is still low. However, some countries such as Burundi and 
Rwanda import electricity from DRC (Democratic Republic of Congo). East 
Africa has the highest geothermal potential in Africa where Kenya is dominating 
country. Ethiopia is reading for hydro potential in the region. According to 
African century case, the projection shows that this region will generate 310 
TWh for energy mix. 

3. East Africa: African Century Case 
3.1. Electricity Generation and Electrical Capacity 

The summarized data of electricity generation and trade with electrical capacity 
projection of East Africa are indicated in the Tables 1-6 [5]. The data show the 
contribution of different forms of energies and forecast them up 2040. It sum-
marizes the power generation, trade, the electricity mix, the electricity capacity, 
CO2 emission and trade. 

3.2. Carbon Dioxide Emissions 

Some countries have gas [7] (Algeria, Angola, Benin, Botswana, Cameroon, Ga-
bon, Ghana etc.) and oil (Algeria, Angola, Bahrain, Cameroon, Congo Republic,  

 
Table 1. Electricity generation and trade (TWh)—East-Africa [5]. 

 2020 2025 2030 2035 2040 

Coil 3 10 16 23 29 

Oil 9 10 12 15 25 

Gas 4 9 13 23 41 

Nuclear - - - - - 

Hydro 35 52 77 111 151 

Bio-energy 2 4 6 8 10 

Solar PV 1 1 3 6 12 

Other renewables 8 14 23 38 60 

Net imports −1 −6 −8 −12 −18 

Total Generation 61 94 142 212 310 
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Table 2. Electricity mix generation and trade in (%)—East-Africa [5]. 

 2020 2025 2030 2035 2040 

Coil 4.92% 10.64% 11.27% 10.85% 9.35% 

Oil 14.75% 10.64% 8.45% 7.08% 8.06% 

Gas 6.56% 9.57% 9.15% 10.85% 13.23% 

Nuclear 0.00% 0.00% 0.00% 0.00% 0.00% 

Hydro 57.38% 55.32% 54.23% 52.36% 48.71 

Bioenergy 3.28% 4.26% 4.23% 3.77% 3.23% 

Solar PV 1.64% 1.06% 2.11% 2.83% 3.87% 

Other renewables 13.11% 14.89% 16.20% 17.92% 19.35% 

Net imports −1.64% −6.38% −5.63% −5.66% −5.81% 

 
Table 3. Electrical capacity (GW)—East-Africa [5]. 

 2020 2025 2030 2035 2040 

Coal l (GW) 1 2 4 5 7 

Oil (GW) 5 5 6 7 9 

Gas (GW) 1 3 5 8 12 

Nuclear (GW) NA NA - NA - NA - NA - 

Hydro 8 12 17 25 35 

Bio-energy 0 1 1 1 2 

Solar PV 0 1 2 4 8 

Other Renewables 2 3 4 7 11 

Total Capacity 17 27 39 57 84 

 
Table 4. Electrical capacity mix in (%)—East-Africa [5]. 

 2020 2025 2030 2035 2040 

Coal 5.88% 7.41% 10.26% 8.77% 8.33% 

Oil 29.41% 18.52% 15.38% 12.28% 10.71% 

Gas 5.88% 11.11% 12.82% 14.04% 14.29% 

Nuclear 0.00% 0.00% 0.00% 0.00% 0.00% 

Hydro 47.06% 44.44% 43.59% 43.86% 41.67% 

Bio-energy 0.00% 3.70% 2.56% 1.75% 2.38% 

Solar PV 0.00% 3.70% 5.13% 7.02% 9.52% 

Other Renewable 11.76% 11.11% 10.26% 12.28% 13.10% 

 
Table 5. CO2 Emissions (Mt)—East-Africa[5]. 

 2020 2025 2030 2035 2040 

Coal 9 18 28 39 54 

Oil 52 66 85 113 151 

Gas 1 3 5 8 14 

Total CO2# 62 87 118 160 219 
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Table 6. Emissions of CO2 (PG) and (TFC) in (Mt)—East-Africa [4]. 

 2020 2025 2030 2035 2040 

Coal (PG) 3 10 17 23 30 

Oil (PG) 6 7 9 12 19 

Gas (PG) 1 3 5 8 14 

Coal (TFC) 5 8 11 16 24 

Oil (TFC) 46 59 76 101 132 

Gas (TFC) 0 0 0 0 0 

 
Ivory Cost, Egypt, Ghana etc.) [8], which most are used to produce electricity. 
Electricity generation through gas-and oil-fired power plants that dominates. 
This results in a high carbon emission. Emissions also come from burning coal 
and gas as well as from the transport due to high use of diesel.  

Table 5 & Table 6 summarize the projection contribution of carbon emis-
sions from both power generation and total final consumption of coal, oil and 
gas. 

4. Results and Discussion 

Sub-Saharan Africa has the lowest electrification level in the world [9]. It is 
largely reliant on traditional biomass which is termed as combustible renewables 
and wastes [10] [11]. Although South Africa accounts for less than 10% of 9 
sub-Saharan African’s population, its use of electricity is almost three times 
higher than that of sub-Saharan Africa. North Africa, whose population is less 
than a third of sub-Saharan Africa, consumes more than one and half times the 
petroleum products consumed in sub-Saharan Africa [10] [11]. Firewood re-
mains the most common cooking fuel in most of Sub-Saharan Africa [12] [13] 
[14]. 

The report shows the contribution of different forms of energies and forecast 
them from 2020 up to 2040. It summarizes the power generation, electrical ca-
pacity and emissions of carbon dioxide from power generation and total energy 
consumption from different sectors. The variation in electricity generation of 
these forms of energy and trade are illustrated in Figure 1 and Figure 2, respec-
tively. The slope a) and the y-intercept b) of the linear regression of Figure 1 
and Figure 3 are shown in Table 7 and Table 8, respectively. 

The energy model in Figure 1 shows that hydro, coal, oil, gas, bio-energy and 
solar energy continue to increase at different rate from 2020 to 2040. Hydro with 
high rate (slope a = 5.8) will play a big role in electricity generation and will con-
tinue to increase rapidly compared to other forms of energies. Starting from 
2020, other forms of energies will appear and continue to increase at different 
rate as indicated by their slope in the Table 7. The contribution of nuclear in 
energy generation will not contribute significantly. The share of solar PV in 
energy generation will increase slowly compared to other resources. From 2020  

https://doi.org/10.4236/cweee.2018.72004


A. Boudjella et al. 
 

 

DOI: 10.4236/cweee.2018.72004 74 Computational Water, Energy, and Environmental Engineering 
 

 
Figure 1. Electricity generation from 2020 to 2040. Source: Africa Energy Outlook 2014 
[5]. 

 

 
Figure 2. Electricity mix generation from 2020 to 2040. Source [5]. 

 

 
Figure 3. Electrical capacity from 2020 to 2040. Source: Africa Energy Outlook 2014 [5]. 

 
Table 7. Slopes, y-intercept and R-square for Electricity generation and trade obtained 
from Figure 1. 

 Slope (a) b R2 

Coal 1.3 −2622.8 0.9993 

Oil 0.74 −1488 0.8207 

Gas 1.76 −3554.8 0.9047 

Hydro 5.8 −11729 0.975 

Bio-energy 0.4 806 1 

Solar PV 0.54 −1091.6 0.8556 

Other Renewables 2.56 −5168.2 0.9399 

Net Imports −0.8 1615 0.9756 
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Table 8. Slope, y intercept and R-squared for Electricity capacity obtained from Figure 
3. 

 Slope (a) b R2 

Coal 0.3 −605.2 0.9868 

Oil 0.2 −399.6 0.8929 

Gas 0.54 −1090.4 0.9746 

Hydro 1.34 −2700.8 0.965 

Bio-energy 0.08 −161.4 0.8 

Solar PV 0.38 −768.4 0.9025 

Other Renewable 0.44 −887.8 0.9098 

 
the exportation of electricity also will increase after meeting the energy demand. 
Other renewables also will increase their contribution in electricity generation. 
Bio-energy and solar PV will contribute less in energy mix comparing with other 
source of electricity generation. The contribution of gas will increase slightly af-
ter hydro and other renewable energy. Linear regression equations of these 
forms of energy mix are indicated in Table 7. 

Figure 2 shows the % of electricity mix generation and trade for each year. 
Hydro is followed by other renewables and oil will contribute a lot in power 
generation. According to whole projection, the contribution for other rene-
wables energy in electricity mix generation and trade will continue to increase. 

In Figure 3, the electricity capacity will continue to increase at different rate 
as indicated in Table 8 whereby hydro will play an important role compared 
with other forms of energy. The contribution of nuclear capacity will be insigni-
ficant as indicated in the graph. In 2040 hydro and gas capacity will be high 
compared with other forms of energy. Bio-energy will increase slowly in elec-
trical capacity with regard to other source of power. This increase of hydro in 
electrical capacity may be due to high potential in this region. 

Countries with no natural resources should develop hydro because is cheaper 
compared to other renewables energy. The low contribution of Bio-energy in 
this shared energy may be explained by the implementation of expensive tech-
nology compare to diesel. The bio-energy which is made from crops requires a 
lot of land. Some countries like Rwanda and Burundi are very small and the im-
plementation of this technology will be difficult to be adapted. 

Figure 4 shows the electrical mix capacity from 2020 to 2040 in term of ener-
gy %. In general the contribution of oil will be likely reduced up to 2040.Apart 
from 2030 and 2035, hydro will probably decrease with low contribution rate, 
whereas the contribution of nuclear will be insignificant. The energy generated 
from bio-energy will probably decrease and then increase a little bit in 2040. 
From 2030, other forms of energy such as hydro, other renewables and coal in 
electrical mix capacity will most likely remain constant. In contrast to the coal, 
other renewables will continue to increase.  
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Linear regressions for CO2 emissions for coil, oil and gas are indicated in Fig-
ure 5. The emission of carbon dioxide from oil will probably dominate other 
emission (from coal and gas). The gas will emit less compared with coal and oil. 
This high emission is due to more usage of oil than coal and gas. Day to day, the 
oil is transformed in many forms which are mainly necessary energy need. Oil is 
used for electricity generation, transport and lighting that why emissions from 
oil will continue to dominate emissions from coal and gas. 

In Figure 6, the emission from total final consumption (TFC) of oil will do-
minate other emission from both power generation (PG) and TFC of other  

 

 
Figure 4. Electrical mix capacity from 2020 to 2040. Source: Africa Energy Outlook 2014 
[5]. 

 

 

Figure 5. Carbon dioxide emissions from 2020 to 2040 [5]. 
 

 
Figure 6. Combined carbon dioxide emissions from 2020 to 2040. Source [5]. 
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sources. The emission from power generation of gas will be less compared to 
coal and oil. Emissions from power generation of coal will dominate in compar-
ison with the emissions from TFC of coal. In the projection only emission from 
power generation of gas will appear. 

Many sub-Saharan African countries do not have reliable databases on tradi-
tional biomass energy supply and household energy use. This makes it difficult 
to formulate appropriate policy and field-oriented interventions. Mechanisms 
for collection and documentation of data on traditional biomass supply and 
household energy consumption, which is regularly updated and validated, need 
to be instituted [10]. 

Many policy analysts stress the need for aggressive dissemination of improved 
biomass technologies (IBTs) in sub-Saharan Africa, to mitigate the negative ef-
fects of traditional biomass energy use—particularly indoor air pollution that is 
linked to respiratory diseases, one the main causes of death for children under 
the age of five. Sub-Sahara African governments should put in place policies that 
support the development and dissemination of IBTs [15] [16]. Private sector, 
NGOs, CBOs and donor organizations should implement projects aimed at en-
suring the rapid dissemination of these IBTs. In particular, efforts to reduce the 
cost of widely used IBTs such as improved cook stoves should be accelerated, so 
that they are within the reach of even the poorest of the poor in sub-Saharan 
Africa [17] [18]. 

Africa is undergoing unprecedented sustained period of economic growth and 
transformation. Starting from 2020, other forms of energies will appear and con-
tinue to increase at different rate. The international trade of electricity in this re-
gion will appear in 2020 and continue to increase as predicted by the data. Up to 
2040, hydro will play a big role in electricity generation with other renewable 
energy sources, such as coal, oil, Gas, bio-energy and solar PV that will continue 
to increase at different rate (Table 7 and Table 8). The share of solar PV in 
energy generation will slowly increase compared to other sources. The capacity 
of hydro and renewable energy sources will be high compared with other sources 
such as bioenergy, coal, oil, PV solar, and gas. The results show also that 
bio-energy will increase slowly in electricity generation in comparison with oth-
er source of energies. The present report shows that oil will continue to emit a 
lot carbon dioxide compared to gas and coal. The emission of CO2 from total fi-
nal consumption (TFC) of oil will continue to be high in comparing with CO2 
emission from power generation (PG) of oil. From 2025 until 2040, the emission 
of carbon dioxide from power generation of coal will be high compared with 
emission of CO2 generated from FTC of coal. In this period, the emission from 
TFC for gas will remain insignificant. The total final consumption emission of 
oil in general will dominate other emissions from both coal and gas. Due to this 
high emission of CO2, new technologies should be introduced in order to reduce 
gas pollution from TFC. This study demonstrates that the CO2 emissions, the 
electricity generation and electricity capacity, which are an indicator of the eco-
nomic growth can be described by a linear regression. Their magnitudes, the ex-
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tracted parameters shown in Table 7 and Table 8 may be useful to assess the 
sustained economic development and transformation that require a definition of 
electricity access in those countries. 

5. Conclusions 

The contribution of hydro will continue to dominate other forms of energies for 
both electricity generation and electricity capacity. In general bio-energy will 
probably contribute less including other forms of energies. For electricity gener-
ation, the exportation of energy will be likely to increase. For the conventional 
energy (gas and oil), the emission of carbon dioxide from total final consump-
tion of oil will continue to dominate from both total final consumption and 
power generation of energy. Apart from hydro, more investments are required 
in this region for exploiting the resources of renewables. In long term, due to 
climate change and global warning, the electricity generated from Hydro is not 
reliable source. Policy makers in this region should provide a road map that en-
courages and facilitates to invest more in renewable energy. The reduction of 
emissions from both power generation and total final consumption should be 
prioritized by introducing the use of resources that generate low CO2 emissions. 
Countries in this region with big land should develop the use of bio-energy, es-
pecially for transport and lighting to reduce the level of emissions. More tech-
nologies should be introduced in carbon dioxide emissions reduction by increase 
the energy efficiency and energy conservation. 

The results show that the relationship between the projections of energy mix 
and CO2 emissions can be described by a linear regression. The magnitude of 
extracted parameters namely the slope and y intercept may be used as guideline 
to asses and evaluate the generation electricity and CO2 emissions in simplified 
way. 
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