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Table I.1 ٲ Real GDP growth assumptions by scenario  
(compound average annual growth rate) 

Country/Region 2000-2018 2018-2040 

 
 

Stated Policies 
Scenario 

Africa  
Case  

North Africa 3.5% 3.6% 4.8% 

South Africa 2.7% 2.5% 3.3% 

Other sub-Saharan Africa 5.4% 5.0% 7.3% 

Angola 5.8% 3.3% 5.3% 

DR Congo 5.3% 5.5% 8.7% 

Côte d'Ivoire 3.6% 5.3% 7.9% 

Ethiopia 9.0% 6.5% 8.9% 

Ghana 6.3% 3.9% 6.3% 

Kenya 4.8% 5.9% 9.0% 

Mozambique 7.1% 6.0% 8.1% 

Nigeria 6.3% 3.4% 5.3% 

Senegal 4.6% 6.5% 8.7% 

Tanzania 6.5% 5.6% 9.3% 

Africa 4.3% 4.3% 6.1% 

Note: GDP in PPP terms, $2018. 

Table I.2 ٲ Population assumptions  
 Total population ;ŵŝůůŝŽŶͿ  2018-2040 

 2018 2040  Delta ;ŵŝůůŝŽŶͿ CAAGR* 

North Africa 196 263  67 1.3% 

South Africa 57 71  14 1.0% 

Other sub-Saharan Africa 1 034 1 761  728 2.5% 

Nigeria 196 329  133 2.4% 

Ethiopia 108 173  65 2.2% 

DR Congo 84 156  72 2.8% 

Tanzania 59 108  49 2.8% 

Kenya 51 79  28 2.0% 

Angola 31 60  29 3.1% 

Mozambique 31 55  24 2.7% 

Ghana 29 44  15 1.9% 

Côte d'Ivoire 25 42  17 2.4% 

Senegal 16 28  12 2.5% 

Africa 1 287 2 095  808 2.2% 

* CAAGR = compound average annual growth rate. 
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Chapter 1 

Africa today 
Viewing Africa through a new lens? 

 

x The pace of change in Africa’s energy sector has quickened, imparting to the 
continent a growing sense of confidence despite many setbacks. Africa’s economy is 
also on an upward trajectory, with gross domestic product (GDP) likely to rise by 
around 4% this year. East Africa looks to be the fastest-expanding region today, led 
by Rwanda, Ethiopia, Kenya, and Tanzania. The way in which the energy sector 
develops will have a crucial influence on Africa’s future. 

Figure 1.1 ٲ Selected indicators for Africa, 2000, 2010, 2018 

 
Africa’s urban population is expanding fast 

while energy services and GDP struggle to keep pace 

Note: GDP = Gross domestic product in PPP terms, $2018. 

x The number of people gaining access to electricity in Africa doubled from 9 million a 
year between 2000 and 2013 to 20 million people between 2014 and 2018, 
outpacing population growth. As a result, the number of people without access to 
electricity, which peaked at 610 million in 2013, declined slowly to around 
595 million in 2018. Recent progress has been led by Kenya, Ethiopia and Tanzania, 
which accounted for more than 50% of those gaining access. However, sub-Saharan 
Africa’s electrification rate of 45% in 2018 remains very low compared with other 
parts of the world.  

x Since 2015, only seven million people have gained access to clean cooking in  
sub-Saharan Africa, meaning that the number of people without access increased to 
over 900 million in 2018 as population growth outpaced provision efforts. Progress 
has been strongest in parts of West Africa such as Côte d’Ivoire and Ghana which 
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 Figure 1.7 ٲ Population without access to clean cooking in Africa, 2018 

 

Around 900 million people are without access to clean cooking in Africa;  
in 32 countries more than 75% of the population is without access to clean cooking 

This map is without prejudice to the status of or sovereignty over any territory, to the delimitation of 
international frontiers and boundaries and to the name of any territory, city or area. 

Sources: IEA analysis; World Health Organization (WHO) Household Energy Database.  

urban areas. Ghana has been promoting LPG since 1989 and 24% of the population relied 
on LPG in 2018; as of December 2017, the government had distributed LPG cookstoves to 
150 000 households in 108 districts under the LPG Promotion Programme launched in 
2017. It intends to distribute them in all 217 districts of Ghana by 2020 (Asante, et al., 
2018). In other countries, for example Nigeria, LPG uptake primarily displaces kerosene. 
Clean cooking has only increased by 0.7 percentage point since 2013 in rural sub-Saharan 
Africa, in part because supply chains for cleaner fuels lack the necessary scale to reach 
many rural communities. 
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Figure 1.8 ٲ Main fuels used by households for cooking, 2018 

 
Use of clean cooking fuels such as LPG continues to increase in urban areas,  

but reliance on traditional use of biomass still dominates in rural areas 

Sources: IEA analysis; WHO Household Energy Database.  

Box 1.3 ٲ Traditional and modern uses of biomass 

The various forms of bioenergy differ in terms of sustainability. Bioenergy feedstocks 
include different products and by-products from the agriculture, forestry and waste 
sectors (e.g. wood, charcoal, sugarcane, palm oil, animal waste) and there are many 
ways to use them to produce energy (heat, electricity and fuels).  

In Africa, as well as developing Asia, solid biomass remains the largest source of energy 
used by households (in energy-equivalent terms) and is often burned as fuel in a 
traditional manner in inefficient and polluting cookstoves, using very basic technologies 
often with no chimney or one that operates poorly. This so-called “traditional use” of 
solid biomass is not sustainable and is associated with a range of damaging impacts to 
health and well-being. The volumes concerned are generally excluded when presenting 
shares of energy from renewable sources.  

Solid biomass can also be used for cooking and heating in more advanced, efficient and 
less polluting stoves. It can likewise be used as a fuel in combined heat and power 
plants or transformed into processed solid biomass (pellets), liquid biofuels or biogas. 
These are classified as modern uses of bioenergy. 

Bioenergy has the potential to contribute to the decarbonisation of the power, heat 
and transport sectors, bringing wider benefits in terms of rural development and 
diversification of energy supply. There are a number of potential concerns regarding 
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socio-cultural, economic and pragmatic reasons. Programmes to replace traditional but 
unsustainable fuel use are likely to succeed only if they are able to take account of these 
barriers to adoption in their design.  

1.2.2 Electricity 

More than two-thirds of people without access to electricity in the world today live in 
sub-Saharan Africa. North Africa reached almost universal access to electricity by 2018, but 
the electrification rate in sub-Saharan Africa was 45% in that year. Electrification levels in 
sub-Saharan Africa remain very low compared to the levels in other developing parts of the 
world, most notably the 94% rate reached on average across developing countries in Asia. 
Lack of electricity often obliges households, small businesses and community services that 
can afford it to use inefficient, polluting and expensive alternative solutions for essential 
services.  

Despite the comparatively low access rate, sub-Saharan Africa has made progress with the 
pace of electrification accelerating over the past five years. The number of people gaining 
access to electricity for the first time more than doubled from 9 million a year between 
2000 and 2013 to more than 20 million a year between 2014 and 2018, outpacing 
population growth for the first time. As a result, the number of people without access to 
electricity in sub-Saharan Africa peaked at 610 million in 2013, before slowly declining to 
around 595 million in 2018 (Figure 1.9). The region now faces a dual challenge: how to 
provide access to the 600 million currently deprived while at the same time reaching the 
millions born every year in areas without access to electricity.  

Figure 1.9 ٲ Electricity access by country in sub-Saharan Africa, 2000-2018 

 

Population without electricity access has plateaued since 2013 thanks to the  
acceleration of connections; almost 50% of those without access live in five countries  
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About half of the sub-Saharan African population without access to electricity live in five 
countries: Nigeria, DR Congo, Ethiopia, Tanzania and Uganda (Figure 1.10). Conversely, 
Ethiopia, Tanzania and Kenya connected the highest number of people between 2014 and 
2018, with these three countries accounting for more than 50% of those gaining access. 

Figure 1.10 ٲ Population without access to electricity by country in Africa, 2018 

 

In sub-Saharan Africa 55% of people lack access to electricity; in thirteen countries, 
more than three-quarters of the population do not have access to electricity   

This map is without prejudice to the status of or sovereignty over any territory, to the delimitation of 
international frontiers and boundaries and to the name of any territory, city or area. 

The energy challenges facing households vary significantly across Africa. In urban areas, on 
average, almost three-quarters of households have access to electricity, whereas in rural 
areas this figure falls to one-quarter. In remote rural areas and small cities not connected 
to a grid, finding affordable off-grid solutions and business models is key. But there are also 
many people living in informal settlements, with grid infrastructure nearby, that are not 
connected at all, or are connected illegally to the distribution grid, resulting in a revenue 

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

 

48 Africa Energy Outlook 2019 | Special Report 

 

Figure 1.12 ٲ Electricity expenses required to power basic appliances as a 
percentage of household revenues for the poorest 40% 

 

Affordability of electricity remains an issue for many people in African countries.  
Efficient appliances can help keep costs down 

Notes: Electricity consumption is based on a basic bundle of energy services, equating to around 500 kWh 
per household annually with standard appliances and 100 kWh with highly efficient appliances. This delivers 
four lightbulbs operating four hours per day, a mobile phone charger, a fan operating three hours per day 
and a television operating two hours per day. The household revenue is the average gross national income 
per household for the bottom 40% of households and is computed using the World Development Indicators. 

Sources: IEA analysis using World Bank World Development Indicators in some cases. 

End-user energy prices vary significantly across countries in Africa, and reflect differences in 
domestic energy resources, levels of energy access, subsidies and taxes. Retail prices for 
road transport (gasoline and diesel), for example, are often higher than the world average 
(Figure 1.13) There are however exceptions: some major hydrocarbon exporting countries 
supply fuels to their domestic markets at prices lower than those in international markets. 
Some countries abstain from energy consumption subsidies in order to focus on other 
policy priorities. Instead of supporting gasoline and diesel prices, for example, Ghana 
prioritises subsidising kerosene and LPG as part of a strategy to promote switching away 
from the harmful and unsustainable use of solid biomass. 

The interaction of subsidy policies with energy access is a challenge for many sub-Saharan 
African countries, raising questions about fiscal priorities and about how best to improve 
access to electricity and achieve sustainable development goals. Consumption subsidies for 
fossil fuels may once have seemed necessary for development goals, but renewables are 
increasingly cost competitive with other forms of generation, and many countries are now 
looking instead at an expansion of low-carbon electricity provision, both via centralised 
grids and on a decentralised basis (which avoid the costs of transmission and associated 
losses as well as incurring lower costs for distribution). The situation is different for clean 
cooking, where some of the viable alternatives to solid biomass are fossil fuels, in particular 
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sub-Saharan Africa was highest in South Africa at 2.3 toe/capita and in Nigeria at 
0.8 toe/capita (Figure 1.14). Most other sub-Saharan African countries have per capita 
consumption of around 0.4 toe/capita and in most a large part of it consists of the relatively 
inefficient use of solid biomass. 

Figure 1.14 ٲ Energy consumption per capita and population in selected  
sub-Saharan African countries, 2018 

 
Excluding South Africa, per capita consumption in sub-Saharan Africa  

is 65% below the average for developing economies 

Figure 1.15 ٲ Primary energy demand and GDP annual growth in  
selected sub-Saharan African countries, 2010-2018 

   
There is wide disparity between annual GDP growth and  

primary energy demand in many sub-Saharan African countries  

Note: TPED = total primary energy demand. 
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The rate of growth in energy demand in sub-Saharan Africa has slightly slowed in recent 
years and remains lower compared to GDP growth (Figure 1.15). Between 2000 and 2010, 
energy demand increased at an annual average rate of 3%, but this slowed to 2.5% from 
2010 to 2018, with very marked variations. Countries such as the DR Congo (Africa’s fourth 
most populous country) saw their primary energy demand more than double between 
2000 and 2018, whereas others such as Côte d’Ivoire, Ghana and Mozambique have 
witnessed an increase in demand of around half. The smaller increase in demand does not 
mean energy services didn’t grow at the same rate: in the case of Côte d’Ivoire, the push 
towards LPG for cooking has resulted in a decline in solid biomass use, and this has 
produced large efficiency gains. 

Traditional biomass is used mostly for cooking in Africa, but is also used in industry. It is by 
far the most widely used energy source across Africa, with the exception of North Africa, 
where oil and gas dominate, and South Africa, where the energy mix is coal-heavy 
(Figure 1.16). In sub-Saharan Africa, bioenergy’s share in the overall energy mix has barely 
changed over the last 25 years, and it continues to dominate the primary energy mix, 
accounting for 60% of total energy use in the region (if South Africa is excluded, this share 
increases to almost three-quarters). There is no other region in the world that relies so 
heavily on bioenergy. 

Figure 1.16 ٲ Total primary energy demand by fuel for selected  
African regions, 2018 

 
With the exception of South Africa, the sub-Saharan Africa  

energy mix is dominated by solid biomass and oil  

Fossil fuels represent almost 40% of the overall energy mix in sub-Saharan Africa and more 
than half of the African energy mix. Oil demand stands at almost four million barrels per 
day (mb/d). The transport sector accounts for most oil use (60%), but diesel is also 
consumed for back-up generators, kerosene or LPG within households for lighting and 
cooking, and a variety of oil products are used by industry (Table 1.1). Natural gas overtook 
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Households in Africa generally have a low level of energy consumption (Figure 1.17). 

Nonetheless, their overall energy use (including passenger transport needs) accounts for 

around two-thirds of final energy consumption. The share of households in final 

consumption is even higher in sub-Saharan Africa, where it reaches more than 70%, largely 

because of the extent of their reliance on inefficient solid biomass for cooking and poor 

quality cookstoves. 

Figure 1.17 ٲ Urban and rural household energy consumption per capita  
and by fuel for selected African countries, 2018 

 

 Average household energy consumption varies between urban and rural and across 
countries, as does the fuel mix, though generally with a high share of bioenergy  

Productive uses 

Productive uses, including industry, agriculture and services, account for around a quarter 

of total final consumption of energy in Africa. Industry employs only 13% of the workforce 

and generates only a third of GDP but it uses almost 70% of the energy that goes into 

productive uses. The services sector uses only limited amounts of energy even though it 

generates half of GDP. Agriculture employs half of the African workforce, but accounts for 

only 16% of GDP and less than 10% of energy for productive uses.  

Agricultural productivity per hectare in sub-Saharan Africa is well below that of other 

regions in the world: this reflects low energy inputs, but also a lack of modernisation, 

limited use of irrigation to raise crops yields and unpredictable weather (IEA, 2017a). As a 

result, food production per capita has not changed significantly since 2000. 

The lack of transport infrastructure acts as a brake on the development of the African 

economy. It hinders the development of trade within the continent as well as export (and 

import) of finished goods. Tackling this would help Africa to take advantage of 

opportunities arising from the new African Continental Free Trade Agreement (AfCFTA), 

 10%

 20%

 30%

 40%

 50%

 0.2

 0.4

 0.6

 0.8

 1.0

Urban   Rural Urban   Rural Urban   Rural Urban   Rural

to
e

 /
ca

p
it

a

Fossil fuels Bioenergy Electricity Other Share of transport (right axis)

DR Congo Ghana Nigeria Tanzania

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

Statistics in African Energy Sector: Energy Consumption

 

56 Africa Energy Outlook 2019 | Special Report 

 

Higher demand from the buildings sector accounted for almost 70% of the increase since 
2010, largely, as a result of increased demand (more than 60 TWh) in residential buildings 
from appliances, water heating and cooling. Demand in heavy industry was largely stagnant 
over 2010-18 with lighter industries making up 90% of the almost 40 TWh demand increase 
across industry. South Africa alone accounted for more than 40% of African electricity 
demand from industry in 2018 although demand in the sector has been largely flat since 
2010. Electricity use in transport remains very low across Africa, but is highest in South 
Africa, where parts of the rail network are electrified. 

Electricity supply from centralised grids 

Electricity generation in Africa increased to 870 TWh in 2018 from 670 TWh in 2010. 
Natural gas and coal (the latter largely in South Africa) accounted for 40% and 30% of 
generation output in 2018 respectively. Hydropower accounted for a further 16% and oil 
for 9%. However, there are large regional differences. In North Africa, for example, natural 
gas contributed more than three-quarters to power generation in 2018. South Africa in 
contrast is hugely reliant on coal and to a modest extent on nuclear power while in the 
remainder of sub-Saharan Africa, hydropower provides over half of generation output with 
oil and gas accounting for most of the balance. Although non-hydro renewables in  
sub-Saharan Africa (excluding South Africa) increased by 250% over the 2010-18 period, 
accounting for slightly more than 7% of all renewables and 4% of total generation output 
(Figure 1.19) in 2018.  

Figure 1.19 ٲ Electricity generation by fuel in Africa, 2010-2018 (left)  
and in key regions in 2018 (right) 

 

 Natural gas fuelled most of the increase in electricity supply for the continent on the whole, 
but fuel shares varied by region and coal dominated in South Africa 

* Excluding South Africa. 
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Figure 1.20 ٲ Installed power capacity by fuel in selected regions/countries 

 
Fossil fuels dominate the power mix but the role of non-hydro renewables is increasing 

* Excluding South Africa. 

 50  100  150  200  250

2010
2018

2010
2018

2010
2018

2010
2018

Af
ric

a
N

or
th

Af
ric

a

Su
b-

Sa
ha

ra
n

Af
ric

a*
So

ut
h

Af
ric

a

GW

 4  8  12  16  20

2010
2018

2010
2018

2010
2018

2010
2018

2010
2018

2010
2018

2010
2018

2010
2018

2010
2018

2010
2018

Coal Gas Oil Nuclear Hydro Other renewables

Se
ne

ga
l

Ke
ny

a
Ta

nz
an

ia
Cô

te
 

d'
Iv

oi
re

D
R

Co
ng

o
M

oz
am

-
bi

qu
e

Et
hi

op
ia

G
ha

na
An

go
la

N
ig

er
ia

GW

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

 

Chapter 1 | Africa today 57 

 

1 

Figure 1.20 ٲ Installed power capacity by fuel in selected regions/countries 

 
Fossil fuels dominate the power mix but the role of non-hydro renewables is increasing 

* Excluding South Africa. 
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Electricity trade 

Africa is home to five regional power pools: Eastern Africa Power Pool (EAPP); Central 
African Power Pool (CAPP); Southern African Power Pool (SAPP); West African Power Pool 
(WAPP); and Maghreb Electricity Committee (COMELEC) (Comité Maghrébin de l’Electricité) 
(Figure 1.21). These pools vary greatly in terms of scale, governance and effectiveness.  

Figure 1.21 ٲ Electricity trade between power pools in sub-Saharan Africa, 
2018 

  

Regional power pools help to connect power generation sources across Africa  

This map is without prejudice to the status of or sovereignty over any territory, to the delimitation of 
international frontiers and boundaries and to the name of any territory, city or area. 

Sources: World Bank (2017b) and AfDB’s Africa Energy Portal (AfDB, 2018). 
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Sources: World Bank (2017b) and AfDB’s Africa Energy Portal (AfDB, 2018). 
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The SAPP has 17 members from 12 countries and operates four competitive electricity 
markets. Annual power trade amounts to around 3% of the member countries’ demand, of 
which a growing portion is traded in the market. The COMELEC is relatively advanced while 
the WAPP and EAPP, both comparatively new, are making progress. The WAPP was 
established in 1999 and currently has 29 members, utilities and IPPs but remains 
underdeveloped compared with SAPP and COMELEC. The EAPP, established in 2005, 
comprises 11 state-owned utilities in Eastern Africa. The WAPP and EAPP have been 
working to harmonise their regulatory systems and develop market rules (e.g. standardised 
contracts and regional wheeling tariff methodology). Various transmission interconnections 
are under construction in EAPP, including an interconnection with SAPP (through a 
400 kilovolt Tanzania-Zambia line). The CAPP was established in 2003 by utilities of eleven 
central African countries and is the least advanced.  

Figure 1.22 ٲ Power traded bilaterally and through competitive markets in the 
Southern African, West African and Eastern Africa power pools 

 
Power trade is low across the power pools and,  

except for the Southern African Power Pool, only bilateral trade 

Note:  GWh = gigawatt-hours. 

Trade across the region remains low and is mostly realised through bilateral contracts 
(Figure 1.22). At present, in sub-Saharan Africa only SAPP has a functioning market. Some 
countries remain isolated from regional grids. Even where transmission interconnections 
exist, these are sometimes congested and need to be upgraded to facilitate trading. Around 
1.8 TWh of electricity were matched in the competitive markets in SAPP in 2016/17, but 
were not traded because of transmission constraints (Figure 1.23).9  

                                                                                                                         
9 Market players submit bids to buy and sell electricity in the wholesale market. When the power offered 
coincides with that requested, or vice versa, the electricity is said to be ‘matched’. Yet, electricity can be 
matched but not traded, as technical constraints can come into play, like lack of transmission capacity to 
transport the matched electricity. 
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Trade across the region remains low and is mostly realised through
bilateral contracts. At present, in sub-Saharan Africa only SAPP has a 
functioning market. Some countries remain isolated from regional grids. 
Even where transmission interconnections exist, these are sometimes
congested and need to be upgraded to facilitate trading. 
Around 1.8 TWh of electricity were matched in the competitive markets in 
SAPP in 2016/17, but were not traded because of transmission constraints

Statistics in African Energy Sector: Installed Capacity and trade
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Figure 2.7 ٲ Cooling degree days in the Stated Policies Scenario and cooling electricity demand, 2018 and 2040 

 

Urban migration alongside a big increase in the number of hot days in Africa’s cities will drive major growth in demand for cooling needs 

Notes: Every dot represents a dense area in terms of population (> 4 000 person/km
2
) or more than 25 000 people. The thickness of the dot is proportional to 

population densities. Sources: Derived using NOAA (2018) and NCAR (2012) assuming the Representative Concentration Pathway (RCP) 2.6 Scenario (IPCC, 2014) and 

using a base temperature of 18 °C, taking humidity into account. Population data are derived from KTH-dESA (GitHub), Khavari et al. (2019) and from Africapolis.org. 
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accompanied by a shift to electric options as part of a transition to low-carbon transport 

and emissions reductions. Electric two/three-wheelers have a lot of potential value given 

the expected increases in demand for mobility and the current low levels of mobility in 

most parts of rural and urban areas in Africa, especially since travel in rural areas often 

involves long distances and fuel quality is less reliable. The higher upfront costs of an 

electric two/three-wheeler as compared with a conventional one would be offset by lower 

maintenance and operating costs, depending on the distances travelled and fossil fuel 

prices; the payback period could be two to three years. The lack of reliable access to 

electricity however is a major barrier to electrification of these vehicles, especially in rural 

areas where two/three-wheelers play a prominent role. Even when full access is achieved, 

decisions will be required on the extent to which transport should be a priority for 

electrification over other end-use sectors. 

Figure 2.10 ٲ Oil demand for transport in sub-Saharan Africa (excluding South 
Africa) in the Stated Policies Scenario and Africa Case 

 

Introduction of fuel economy standards could avoid 0.32 mb/d of oil  
demand growth driven by the fleet expansion 

* Non-road includes aviation, shipping, rail and other transport. 

Increased industrialisation means more transport of raw and finished goods, leading to 

higher demand for freight vehicles, rail, navigation and aviation. The new African 

Continental Free Trade Agreement should also stimulate improved connectivity between 

countries to facilitate goods transport from regions of production to major commercial 

centres and ports. A transcontinental railway financed by China is already in the works: it 

plans to connect shipping ports in West and East Africa and it is possible that it may link 

more than ten countries including Angola, DR Congo, Zambia, Tanzania and Kenya. Such 

projects should help to support the economic development of landlocked African nations 

and enhance trading and mining activities in the region significantly. 
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The agriculture, industry and services sectors are all set to increase their energy demand in 
sub-Saharan Africa, with most of the demand growth being driven by light industry and 
services. Energy demand across these productive uses increases by 110% in the period to 
2040 in the Stated Policies Scenario. In the Africa Case, GDP is more than 50% larger  
by 2040 than in the Stated Policies Scenario, but energy consumption for productive 
sectors is only 20% larger as a result of efficiency gains. The Africa Case also projects a 
different energy consumption mix by 2040 as electricity is increasingly used in the services 
sector and for motors in industry, causing electricity consumption to grow 50% faster than 
demand for oil and gas together. The share of consumption by sector also varies over time 
and by case. By 2040, as more industrial products are produced domestically (cement, 
steel, aluminium and in some countries, chemicals), the energy consumed by heavy 
industry doubles in the Stated Policies Scenario and triples in the Africa Case.  

Figure 2.12 ٲ Final consumption in productive uses in sub-Saharan Africa 
(excluding South Africa) by scenario 

 
Energy efficiency standards and material efficiency temper oil and gas  

demand growth by around 25% and electricity by 15% for productive uses 

In the Africa Case, around 35 Mtoe of energy consumed by productive uses in sub-Saharan 
Africa (excluding South Africa) is avoided thanks to energy efficiency (Figure 2.12). There is 
an important opportunity to put in place robust efficiency policies today in anticipation of 
expected energy demand growth. In many countries around the world there are now 
standards for electric motors used within industry and the use of variable speed drives and 
other measures to increase the efficiency of motor systems is becoming increasingly 
common. In Africa, some countries have recognised the potential efficiency benefits from 
the implementation of MEPS for electric motors, but no countries have yet enforced them.5 

                                                                                                                         
5 In Uganda, standards have been developed, but are not yet mandatory. In South Africa, it has been listed as 
a planned policy in its post-2015 National Energy Efficiency Strategy. In Egypt, market assessments are 
seeking to pave the way for development of standards. In Ghana, planned implementation was announced 
in its National Energy Efficiency Action Plan, but not yet implemented. 
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1 

Figure 1.26 ٲ Remaining recoverable fossil fuel resources in Africa, 2018 

 
Africa has abundant fossil fuel resources;  

sub-Saharan Africa accounts for around half of the continent’s oil and gas resources 

Since the fall in oil prices in 2014, oil exploration has fallen sharply, and Africa accounted 

for less than 10% of global oil discoveries between 2015 and 2018. There has however been 

a series of major offshore gas discoveries in Egypt (2015), Mauritania and Senegal  

(2015-17) and South Africa (2019) (Figure 1.27). 

Figure 1.27 ٲ Global discoveries of oil and natural gas by region 

 
Africa’s share in global oil discoveries has fallen markedly since the oil price fall, 

but the region has seen significant gas discoveries 

Note: boe = barrels of oil equivalent. 
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1.3.4 Renewable resources and supply  

Africa is home to abundant renewable energy resources and its renewable energy power 
potential is substantially larger than the current and projected power consumption of the 

continent. Growth has been constrained, so far, by limited access to financing, 
underdeveloped grids and infrastructure, unstable off-taker financial arrangements and, in 
many countries, an uncertain policy environment (IEA, 2018b). Despite this, recent 

advances in renewable energy technologies and accompanying cost reductions mean that 
the large-scale deployment of renewable energy now offers Africa a cost-effective path to 
sustainable and equitable growth. In many parts of Africa, decentralised renewable energy 

technologies offer an economical solution for electrification in remote areas as well as for 
grid extension. 

Solar  

A study undertaken by the International Renewable Energy Agency (IRENA, 2014) assessed 
the theoretical potential of a range of renewable energy technologies in Africa 
(Figure 1.32). It estimated that Africa’s solar PV theoretical potential could provide the 

continent with more than 660 000 TWh of electricity a year, far above its projected needs. 
East Africa was identified as having the highest theoretical potential (more than 
200 000 TWh/year), followed by Southern Africa (more than 160 000 TWh/year).15  

Figure 1.32 ٲ Solar energy resource potential per year in Africa 

 

East Africa and Southern Africa contain the highest solar resource potential 

Note: CSP = concentrating solar power.  

Source: IRENA (2014). 

                                                                                                                         
15 These potentials are purely theoretical potentials, with no techno-economic evaluation undertaken. These 
resource potentials, therefore, are subject to a significant reduction when economic parameters are applied. 
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� Innovation in LNG technology: The development of new technologies such as floating 
storage regasification units (FSRU) and small-scale technologies offers more flexibility 
for current and potential future gas users, and this could boost demand for gas. FSRUs 
can reduce the need for more costly onshore gas infrastructure and there is scope for 
them to be redeployed when no longer needed. Small-scale LNG technologies can help 
to provide new sources of demand and thus make gas less dependent on the 
realisation of complex onshore infrastructure projects. 

In addition to helping to provide energy in producing countries, natural gas can contribute 
to economic growth by providing a sizeable source of fiscal revenue, although the extent to 
which it contributes to growth depends on the revenues being used effectively and 
transparently (see section 4.3). 

Figure 4.2 ٲ Natural gas resource discoveries, demand and production in 
selected countries in Africa  

 
With the exception of Egypt, recent gas discoveries in Africa  

have been in countries with very small gas markets 

Notes: bcm = billion cubic metres; tcm = trillion cubic metres. Bubble size represents production volume in 
2018.  

The outlook for natural gas to 2040 in the Stated Policies Scenario varies widely according 
to resources, market conditions and policy preferences in different countries. In this 
analysis, we consider four sets of circumstances:  

Incumbent producers: This designation applies to Nigeria and Algeria, both of which are 
exporting around half of their gas production to global markets. The policy priority for 
these countries is to sustain production levels and stay competitive in export markets. 
Unlike Algeria, where gas plays a significant role in the energy mix, the penetration of gas in 
Nigeria is low compared to its population and resources. Nigeria therefore faces the 
longstanding question of whether it can develop domestic gas demand. 
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Fig.2   Cite of the location of PV system in Cologne on google earth 

 

Characteristics                       Details                  
Module type                            multi 
Serial Number                     31105048 
Peak power(Pmax)             150(5%)Wp 
Peak power voltage              33.4V    
Peak power current                4.49A 
Short circuit current                4.97A    
Open circuit voltage                42.2V 
Maximum system voltage       750V                    
Table2: Characteristic of system installed in Cologne 
laboratory 
Characteristics                       Details                  
Module type                            multi 
Serial Number                     Y1125P-17b 
Peak power(Pmax)               125Wp 
Peak power voltage              17.5V    
Peak power current                7.14A 
Short circuit current                7.89A    
Open circuit voltage                22V 
Maximum system voltage       50V                    
Table 3 Characteristics of sytem installed in casamance 

III. METHODOLOGY 
The visual inspection and I-V characterization measurement 
normalized to standard test conditions (STC) using MP-160 
I-V tracer [17][18]. 
The degradation analysis of individual PV modules has been 
investigated through the following procedure: 
Visual inspection 
Thermal imaging 
I-V characteristic of all modules in outdoor operation 
A. Visual inspection results 
 Visual inspection of 20 poly-C-Si PV modules showed 
soiling hotspot soiling, cell cracking 
1) Cracking 
Cracks can be detected during visual inspection test, if they 
are large enough. Micro-cracks are formed during 
manufacturing when mechanical and thermal stress is 
applied. They occur in most of the case during installation 
sites [19].  
These cracks can become larger when subjected to further 
stress by outdoor environmental conditions, after years of 
operation in the field. Electroluminescence imaging defects 
micro-crasks very well. Cracks in solar cells can reduce the 

module output [20]. However, the literature shows that in a 
solar park, almost half of PV modules, indicate 10% or more 
power loss after 6 years of field exposures [21]  
Investigations have shown that the PV modules may suffer 
premature degradation due to several factors such as long 
outdoor operation, lack of maintenance, enclosure problems, 
thermal cycling, grounding problems and corrosive 
environments[22] [23]. 

 

 
 

 

 

 

 

 

 

           Fig.3. PV module in Casamance with crack cell 

The crack cells in the Fig.3 is due to lack of maintenance or 
mechanic stress when PV module are transported. 

2) Hostpot 
Hot spot heating is produced in series connected cells when 
shadow covered one or more cells creating a reverse bias 
acros the shaded cell/s ultimately that leads to dissipation of 
enormous power in the shaded cell. When a solar cell within 
a module generates lesser current than the string current of 
the module then a hot spot appears on that cell. Hot spots 
are responsible for properties of the solar cell like local 
shunts, deformation of the p-n junction, impurities, and 
wafer resistance [24].  
  

 

  

 

 

             
 

 
                  Fig.4 PV module in cologne with spot 
   
This happens because solar cells connected in series become 
reversed biased and behaving like resistors and dissipate 
heat. 
B. Infrared thermal imaging 
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Infrared thermal imaging is a non-destructive technique to 
identify defects in field aged modules which are note 
observed during visual inspection. 

          Fig.5.camera sensitive to infrared radiation  
Outdoor infrared imagering detects hot spots undergoing 
excessive heating. The technique consists of using a 
camera sensitive to infrared radiation like shown in Fig.5 
Modules on the roof of solar labor were analyzed using a 
TiRx thermal image. We only five module of the system has 
been selected. The results are given in Fig. 6. 
 
 

                   Fig.6. PV module with two cells hotspot 
C. .I-V and P-V characteristic measurements and 

degradation determination 

I-V and P-V characteristics of each individual module were 
measured after the outdoor exposure and compared with 
initially recorded values using analyzer I-V400 in Senegal 
and ESL-Solar in Germany. The I-V characterization 
measurement normalized to standard test conditions (STC) 
using MP-160 I-V tracer [17][18]. 

1) Degradation determination 

The degradation globale and the degradation rate of each 
performance parameter like maximum power (Pmax), short 
circuit current Isc, open circuit voltage (Voc) and  fill factor in 
order to estimate the annual degradation rate giving by the 
following expression: [8]. 
 

  
Where Y(tn) and Y(t0) represent the value of the parameter 
considered in the STC conditions respectively at time tn and 
t0; t0 represents the initial time corresponding to the first 
putting into service of PV modules and tn is the instant of 
carrying out the tests. Thus, the degradation rate (DR) of 
photovoltaic module is given by the following equation: 

  
  
2) Degradation I-V and P-V curves 

Fig.7. Normalized I-V curves after 6years outdoor exposure in Senegal 
  
 

 
Fig.8. Cologne module degradation rate after 13years outdoor exposure 
  
 
 
 

  

 

 

 

Dr. I. Faye, IEEE, 2018
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Fig. 2: Conversion of biomass into char 

Some pictures showing the first phase of production of fuel 
briquettes at the Assane Seck University of Ziguinchor. 

1. Weighing the raw material 2. The filling   3. Advanced charring 4. Material’s withdrawal 

5. Mixing and grinding  6.    Briquetting 7. Recovery of briquettes 3	

Biomass technologies 
Solid biofuel 

Characterization and Valorization of Biomass for energy efficiency in cooking and agriculture
P. Himbane et al
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Country
Facility 
name

Type
Thermal power 
(kW)

Neutron flux 
(cm-2 s-1)

Algeria
NUR Pool 1000 5.0×1013

Es-Salam Heavy water 15 000 2.0×1014

Democratic Republic of the Congo TRICO II1 TRIGA Mark II 1000 3.0×1013

Egypt
ETRR-11 Tank WWR 2000 3.6×1013

ETRR-2 Pool 22 000 2.7×1014

Ghana GHARR-1 MNSR 30 1.0×1012

Libya
IRT-12 Pool, IRT 10 000 2.0×1014

TNRC Critical assembly 0.1 1×107

Morocco MA-R1 TRIGA Mark II 2000 7.1×1013

Nigeria NIRR-1 MNSR 34 1.2×1012

South Africa SAFARI-1 Tank-in-pool 20 000 4.0×1014

7KH�XWLOL]DWLRQ�SUR¿OH�GL൵HUV�DFURVV�WKHVH�UHDFWRUV��)RU�H[DPSOH��0RURFFR¶V�0$�5��UHDFWRU�LV�XVHG�H[WHQVLYHO\�IRU�QHXWURQ�
DFWLYDWLRQ�DQDO\VLV��1$$���ZKLOH�$OJHULD¶V�IDFLOLWLHV�DUH�PRVWO\�XVHG�IRU�QHXWURQ�EDVHG�PDWHULDOV�UHVHDUFK��6RXWK�$IULFD¶V�
6$)$5,��LV�RQH�RI�WKH�¿YH�PDLQ�SURGXFHUV�RI�WKH�UDGLRLVRWRSH�PRO\EGHQXP�����990R��DQG�LV�D�OHDGHU�LQ�QHXWURQ�WUDQVPXWDWLRQ�
GRSLQJ�RI�VLOLFRQ��1LJHULD¶V�UHVHDUFK�UHDFWRU�LV�FHQWUDO�WR�WKH�FRXQWU\¶V�&HQWUH�IRU�(QHUJ\�5HVHDUFK�DQG�7UDLQLQJ��DV�LV�*KDQD¶V�
UHVHDUFK�UHDFWRU�WR�LWV�1DWLRQDO�1XFOHDU�5HVHDUFK�,QVWLWXWH��&RRSHUDWLRQ�DPRQJ�WKH�QXFOHDU�UHVHDUFK�IDFLOLWLHV�LQ�$IULFD�
LQFUHDVHV�FDSDELOLWLHV�ZKLOH�KDUPRQL]LQJ�UHVHDUFK��RSHUDWLRQ�DQG�EHVW�VDIHW\�SUDFWLFHV��&ROODERUDWLYH�SURJUDPPHV�FDQ�IDFLOLWDWH�
FRPPHUFLDOO\�YLDEOH�UDGLRLVRWRSH�SURGXFWLRQ��LPSURYH�TXDOLW\�FRQWURO�LQ�DQDO\WLFDO�XWLOL]DWLRQ��EURDGHQ�UHVHDUFK�HQGHDYRXUV�DQG�
HQULFK�YDOXDEOH�WUDLQLQJ�FXUULFXOD��,QFUHDVLQJ�QXPEHUV�RI�06F�DQG�3K'�WKHVHV�UHO\LQJ�RQ�WKH�UHVHDUFK�R൵HUHG�E\�WKHVH�UHDFWRUV�
DWWHVW�H൵RUWV�LQ�$IULFD�WR�LQWHJUDWH�KLJKHU�HGXFDWLRQ�LQWR�UHVHDUFK�UHDFWRU�VFLHQFH��1RWH��75,&2�,��LQ�WKH�'HPRFUDWLF�5HSXEOLF�RI�
WKH�&RQJR��LV�LQ�SHUPDQHQW�VKXWGRZQ��3HOLQGXQD����LQ�6RXWK�$IULFD��KDV�EHHQ�GHFRPPLVVLRQHG�

�� �,Q�H[WHQGHG�VKXWGRZQ��
�� �,Q�WHPSRUDU\�VKXWGRZQ�DV�RI�1RYHPEHU������

�

African Research and Innovation Contribution in Energy Area: Nuclear Energy

Eleven research reactors currently exist across the African continent,
covering a wide power range, from 0.1 kW to 22 MW. Common designs
include General Atomics TRIGA model and the miniature neutron source
reactor (MNSR). Other, unique, designs exist, as shown in the table below.

(Lybia): AIEA

New Research Reactor Projects

- Kenya: 2025 and 2028
- Nigeria: Expansion of the safely

operated a 30 kW (MNSR)
- Senegal: 2018, a technical

cooperation project with the IAEA 
entitled “Developing a National 
Nuclear Infrastructure for 
Establishing a Research Reactor”

- United Republic of Tanzania: 
Thermal Power of 1 MW

- Tunisia: An extraneous neutron 
source of plutonium–beryllium

- Zambia: 10 MW research reactor



08/03/2022 ASP 2022

African Research and Innovation Contribution in Energy Area: Hydro and Wind Energy

Region Technically 
feasible hydro 

generation 
potential (GWh)

Total installed 
hydro capacity 

(MW)

Hydro 
capacity 

under 
construction 

(MW)

North Africa 91,252 6,759 358

Central Africa 492,758 4,014 698

East Africa 549,218 7,065 7,411

West Africa 109,371 4,964 2,602

Southern
Africa

303,715 10,051 3,921

Prof. Eric OFUSU

Hydropower potential of Africa
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African Research and Innovation Contribution in Energy Area: Off-Grid Energy Applications
Community empowerment

Overall well-being

Sustainable livelihoods

Access to public services

Proven technology
solutions

Adaptable

Innovations in delivery
and financing models

Cost-competitive
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sustainable
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Climate resilience

Low-carbon
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Why off-grid
renewable

energy?
TECHNOLOGY

Figure 2: Case for off-grid renewable energy solutions

The case for o!-grid renewables

The convergence of several powerful factors has 
opened a window of opportunity for achieving 
universal access to electricity supported by o!-grid 
solutions (Figure 2). Rapid decreases in technology 
costs have meant that o!-grid renewable energy 
solutions are now the cost-competitive choice for 
expanding electricity access in many unelectrified 
areas. Since 2009, for instance, solar PV module 
costs have fallen by more than 80% while, globally, 
the cost of solar PV power declined by 73% from 
2010 to 2017 (IRENA, 2018b). 

Steeply declining costs of the most important 
components of o!-grid systems, combined with an 
equally remarkable increase in e"ciency of end-
use appliances, have further lowered prices and 
increased a!ordability. Between 2010 and 2016, for 
instance, the prices of main components of stand-
alone solar home systems – LED lights and batteries 
(Li-ion) – dropped by 80% and 73%, respectively 
(IFC, 2018). 

AN OPPORTUNITY NOT TO BE MISSED 7

Source: IRENA
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African Research and Innovation Contribution in Energy Area: Energy Efficiency

• Fig 2: Rate of irreversibility of the different components
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Fig 3: ORC exergy efficiency versus the vapor generator 
temperature and pressure

Exergy approach: allows to go further in energy optimization of industrial processes. 

Exergy leads to a better 
understanding and 
quantification of  the 
causes of inefficiency.

Exergy quantifies not only the loss of exergy, 
but also the degradation of the quality of 
energy (i.e. the destruction of exergy) in 
each of the components of the system.

Deductions not 
possible with  only 
energy investigation.

17

Thank you
For your 
ATTENTION

Exergy Efficiency, will be 
adopted as a Common National 
Energy-efficiency Metric.

African decision makers
(Policymakers)

implement exergy 
sustainability indicators 

in addressing the 
sustainability of 

energetic projects
&

Industrial projects
&

technological research
&

Renewable and non 
renewable resources 16

New zoning map based on solar exergy potential of the 24 studied regions in Tunisia

Geographical distribution of 
24 studied regions in Tunisia

Exergy is an 
effective 

means in the 
political 
decision-
making of 

energy 
strategies 

Exergy is necessary 
for Energy Policy 
Recommendations 

The work could be 
implemented in the whole 
African continent for efficient 
use of energy.

Prof. N. Bouaziz
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African Research and Innovation Contribution in Energy Area: Advanced Materials for Energy and EE

ZnO thin film/MACESi Inverted pyramids/MACE

Si Inverted pyramids/New Procedure

Si cubic nanoholes/New Procedure Si nanobukets/New Procedure

 
 

Si Pyramids/MACE

Si nanotexturation patentent 
deposited new Procedure (patent 

deposited: PCT/IB2019/060499 and 
OAPI)

Si nanowires/New Procedure

Si dispersed inverted pyramids/New 
Procedure

A solar concentrating
system being tested at 
night, comprising of 
multiple dishes
concentrating the 
moon's rays onto a 
collector.
Hlengiwe Mnguni,
Department of Mechanical
and Aeronautical
Engineering, University of 
Pretoria, SA



What can we do for African Energy

q Develop and set-up PanAfrican Research Excellent Centers in 
Energy area 

q Develop Efficient and Sustainable Energy Use for the construction 
of interconnected projects in Africa

q African Energy Resources mapping and survey

q Develop new energy for Indoor applications and IoT.

q Develop the HEWE (Health – Education – Water – Energy) Nexus 
Projects around Africa

q Facilitate support for women and girls in Energy area

q Investigate Solutions using the Most Efficient and Low Coast 
Energy for Each African country and industry sector depending on 
local resources

Conclusion and Recommandations

08/03/2022 ASP 2022

Patent AOIP, 2022

Patent AOIP, 2022



Interested in joining us or do you have any remark or 
suggestion, please do contact us on: 

ASFAP-Energy-admin@cern.ch

Let’s come together for a better Africa! 
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THANK YOU FOR YOUR 
ATTENTION!

NOW LETS ENJOY 
SILICON 

NANOTEXTURES
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