
E+C  SPOT ON • December 2015

330 million. This 
has partly translat-
ed into the growth 
of large African cities, 
many set to double in 
size between 2010 and 
2025, including Dar 
es Salaam, Nairobi, 
Kinshasha, Luanda 
and Addis Ababa, while 
twelve other cities will 
host more than five mil-
lion inhabitants.

This economic develop-
ment and rapid population 
growth demands a greater need 
for resources such as energy, 
water and food.

Water-Energy-Food nexus in Africa

The Water-Energy-Food nexus is a concept that recognises the inter-
linkages between these three resources. Also, through planning and 
eventual implementation involving one of these resources, there is 
an interconnectedness of the system.

For example, while a national development plan may call for 
large-scale agricultural development to combat the issue of food 

Various countries in Africa are experiencing GDP growth 
rates of above 5%. High growth rates accompany an in-
creased need for energy supply and generation, agricultural 

transformation and a secure supply of water to further drive eco-
nomic growth and cater for the needs of the industrial, commercial, 
agricultural and residential sector. 

In order to overcome competing requirements and sectorial 
developments in silos, it is critical for integrated planning to be 
implemented at country level, and at inter-regional level, along with 
adequate scenario planning and the involvement of all relevant 
stakeholders.

African growth

African economies currently rank among the fastest growing in the 
world. Over the past five years, of the ten countries enjoying the 
highest rates of economic growth globally, seven of these were in 
Africa with the average GDP growth rate on the continent being the 
highest in the world; just more than 5% annually. Along with this 
unprecedented growth, population growth on the continent has seen 
similar figures with sub-Saharan Africa’s population of 900 million set 
to grow at a net rate of 2,7% per annum; also currently the highest in 
the world (the global rate is 1,2%, South Asia 1,3% and MENA 1,7%). 
This translates into a population of over 1,4 billion by 2030, 50% of 
whom will be living in cities.
Urbanisation and the rise of the middle class are emerging trends 
on the continent. As a study by the African Development Bank has 
indicated, the middle class has grown at an average rate of 3,1% per 
annum over the period of 1980 to 2010, estimating the figure to be at 

Rapid African growth results 
in dire need to understand the 
Water-Energy-Food Nexus
By A van Eeden and J Muller, Frost & Sullivan

Insight into the African growth story and the subsequent 

Water-Energy-Food nexus; the interdependence of 

resources and planning functions.



E+C  SPOT ON • December 2015

energy policy (1992), on the other hand, gives priority to the develop-
ment of large-scale hydropower plants to reduce the use of foreign 
currency to import fossil fuel for the production of power. This directly 
competes with the use of water resources for irrigation development. 

The intensification and modernisation of agriculture not only re-
quires large amounts of water for irrigation purposes, but also energy 
which will - for the foreseeable future - still be supported by biomass 
from croplands, using large amounts of water. African countries are, 
however, also advocating for the diversification and transformation 
of their national energy mixes.

Energy diversification

Countries are implementing national energy plans that aim to improve 
access to energy, predominantly through the means of more ‘modern’ 
energy sources such as hydropower, wind and solar. Primary energy 
usage in Africa, is still largely obtained via traditional biomass - pre-
dominantly from croplands and forests - while the future African 
energy mix will shift towards the use of large scale hydropower plants 
and gas power, particularly that of the East African Region. 

Close to 60% of sub-Saharan Africa’s primary energy demand 
is still largely supported by biomass, and is a position which is not 
sustainable given the high (GDP) economic growth rates. The need for 
stable and reliable sources of energy arises as countries move towards 
an industrialised state. As a rule, African countries have traditionally 
been subject to state owned utilities, with very low levels of private 
sector involvement – if any. Also, energy generation capacity was 
not evenly spread across countries, with countries like South Africa 
accounting for 50% of Africa’s power generation capacity. This posi-
tion is set to rapidly change. 

On average, the energy mix of most African countries is not di-
versified. South Africa’s generation capacity is 90% served by fossil 
fuel (coal), Mozambique is 95% served by hydroelectric plants, with 
Tanzania (63% hydroelectric) and Kenya (46,2% hydroelectric) also 
proving a lack of diversification. The situation is set to rapidly change 
over the next 15 years, given the need for countries to have a reliable 
energy mix, less affected by climate change and more in line with 
sustainability practices. For example, the East African energy mix in 
2012 consisted of hydro (50%) and oil (50%). In 2030, it is expected 
to be comprised of: coal (12%), oil (18%), gas (9%), hydro (40%), 
bioenergy (3%), solar PV (6%), and other renewable energies (12%). 
For Southern Africa, the 2012 power capacity mix is coal (69%), oil 
(10%), gas (2%), nuclear (3%) and hydro (16%). This mix is expected to 
change to coal (45%), oil (7%), gas (10%), nuclear (3%), hydro (16%), 
bioenergy (3%), solar PV (9%) and other renewable energies (7%). 

These numbers are subject to individual countries’ energy master-
plans and policy documents, and with recent gas finds in Mozambique 
(125 tcf), the gas numbers are expected to rise substantially, impacting 
the other technology types. It is important to note that the energy mix 
will be changing within the next decade. With a change in energy mix, 
comes a change in water requirements since power plants require 
water – and other activities in the power value chain, such as the 

insecurity; this will require large amounts of water – as well as energy 
resources – for irrigation. Furthermore, a large amount of energy is 
also required to collect, treat and distribute water and wastewater. 
The nexus concept not only recognises the interdependencies of these 
three resources, but also emphasises the interlinkages between the 
(a) natural environment and its resources, (b) social and economic 
development through water, energy and food security, as well as the 
need to (c) coordinate and integrate management and governance 
across multiple sectors. A research study by Karlberg et al (2015) 
has illustrated these interlinkages. The water-energy-food nexus will, 
however, differ across geographies and national boundaries and the 
challenges faced and solutions provided for the global North will not 
be similar to those challenges and solutions provided for the global 
South. The company that the authors represent has embarked on a 
study that highlights these challenges across four different regions; 
namely: the USA, Middle East, India and China. As a result, six types 
of technology solutions based on reduce; recycle, recovery, zero-
water, and zero-energy concepts have been identified to address 
these challenges.

Multiple African countries have embarked on a rapid economic 
growth and development path, focusing on transforming their econo-
mies into that of a middle-income status and very often targeting the 
energy and agricultural sectors. 

Agricultural transformation

Agricultural transformation and intensification is one of the key means 
by which African governments are hoping to achieve their economic 
development goals, as well as to achieve food security. Countries like 
Tanzania and Ethiopia have gone through various land and water 
reforms, which have underpinned their economic development drive. 
This has resulted in investment reforms paving the way for interna-
tional investors to lay claim to large tracts of Africa’s land, as well as 
water resources. In Tanzania for example, the government adopted 
the Investment Promotion Policy, which was in essence an extension 
of the Agricultural Policy; also emphasising the modernisation of 
agriculture through adopting large-scale agricultural development 
practices and allocating land to commercial farmers.

Concomitant to this, irrigation policies have been put in place to 
support the intensification of agricultural developments which require 
an immense amount of already scarce water resources. The various 
development policies of a country, therefore, often have conflicting 
objectives. For example: the national irrigation plan of Tanzania (2002) 
was aimed at increasing the area of land under irrigation by 9% by 
2017 to transform and modernise traditional agriculture. The national 

Economic development and rapid population growth in 
Africa demands a greater need for resources such as 

energy, water and food.

Abbreviations/Acronyms 

CSP  – Concentrated Solar Power
GDP  – Growth Domestic Product
MENA  – Middle East and North Africa
PV  – Photovoltaic
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The implications of the Water-Energy-Food nexus have necessitated 
not only the convergence of various technologies to address the 
challenges pertaining to competing resources, but also the need for 
an institutional structure that embraces a cross-sector approach to 
resource governance. It is evident that agricultural transformation and 
energy transition are interdependent and could be partly competitive. 
A stakeholder-driven nexus approach is proposed, underpinned by 
quantitative and spatially explicit scenario and planning tools, which 
should assist in resolving these types of challenges. It will also result 
in more consistent policy and decision making, improve resource 
productivities, lower environmental pressures and enhance human 
securities.

coal that is being mined for the power station, also requires water. 
This will potentially bring countries to a position where water 

resources allocated to the energy industry can compete with the water 
resources needed within the overall water sector (water supply and ac-
cess), but also the agricultural and specifically agri-processing sector. 
For countries taking longer to wean themselves off of biomass, this 
will especially be the case. Biomass (being an agricultural product) 
requires large amounts of water – potentially creating a competitive 
scenario where the agricultural transformation might be hampered 
by the expansion of the energy sector or the water sector.   

Importantly, renewable energy technology types employed in the 
African market (wind, solar PV and solar CSP) use minimal amounts 
of water compared to other technology types like coal. However, 
there is a need for a stable base load power supply. Although there 
is a requirement for renewable energy in a country’s energy mix, it 
can also be noted that a country should first and foremost secure a 
stable power source in order to attract investors and fast-track eco-
nomic expansion. The move towards an “optimal” energy mix is a 
challenge most countries face.

It is therefore vital that integrated planning is catered for by 
governments. This is essential to ensure that the potential compet-
ing nature of the Energy-Water-Food nexus is optimally planned for, 
not just on a country level, but also at a regional level, since water 
systems (rivers and dams) are often not bound by country boundaries.  

Conclusion

The Water-Energy-Food nexus in Africa needs to be understood and 
addressed in a highly regionally-integrated manner, especially in 
regions sensitive to climate change, where a marginal increase in 
temperature can reduce water levels, causing a major knock-on effect 
in the water supply system.
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