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A Wealth
of Possibilities

A

AFRICA FACES CRITICAL QUESTIONS ABOUT ITS FUTURE ECONOMIC DEVELOPMENT,
particularly in relation to its energy supply and its population’s access to electricity. According to the
International Energy Agency, in Africa the population is projected to grow by 71% from 2009 to 2035,
but there will be only a 38% increase in energy demand over the same period. This means that while
Africa’s share of the global population will increase from 15% in 2009 to 20% in 2035, its share of
global energy demand will decline fractionally to 5.4% over the same time frame. In countries such as
Ethiopia, Nigeria, and Tanzania, large portions of the population have no access to electricity. Although
generation and transmission facilities are growing, per capita generation in Africa in 2009 amounted to
only about 600 kWh, as compared with the Organization for Economic Cooperation and Development
(OECD) average of 7,500 kWh, and the future looks bleaker, particularly in the sub-Saharan region.
This is the situation of a continent where 92% of the hydropower potential is still underdeveloped. This is not only true of water resources: continental Africa has a complete mix of all the energy
resources. In the category of traditional energy, it has an abundance of natural gas and oil in northern
and western Africa, an abundance of coal in southern Africa, and an abundance of water resources in
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ments. According to the WEF
report, the opening of the public
monopolies should be accompanied
by proper institutional and legal
frameworks. Electrification projects
must be accelerated in parallel with
supply-side solutions. The enormous potential of renewable energy
resources should be exploited, and
this strategy can position Africa as
a net exporter of energy.
The darkness of some parts
of Africa contrast with what has
been happening in the southern region of the continent. This
development could well spread to
the rest of Africa.

Southern Regional
Energy Profile

The energy development of the countries of the southern African region
can be summarized as follows:
✔ Angola: Angola has substantial hydropower potential
that can provide a consisfigure 1. The southern region of Africa and the interconnected southern African
tent basis for power generpower system.
ation to meet current and
future needs.
Central Africa. In the renewable energy category, all of con✔ Botswana: The country has huge coal reserves that
tinental Africa can be regarded as one giant solar panel, and
are the resource base for the electricity generation that
wind is plentiful in the arid desert and coastal regions. There
is meeting its current needs.
✔ Lesotho: Lesotho has existing installed capacity
is no shortage of energy resources, traditional or renewable.
based on hydropower potential.
When viewed from the sky at night, however, conti✔ Madagascar: Madagascar utilizes diesel generators
nental Africa is dark. This darkness is not an engineering
and hydropower for the most part.
outcome or challenge but due to an externality. This exter✔ Malawi: Hydropower schemes have been developed
nality is poor leadership, both in Africa and in many other
for Malawi, but they have critical limitations of a hyworld capitals.
drological nature; coal reserves have been identified.
Given these conditions, basic questions arise. How can
✔ Mauritius: The country’s existing installed capacity
Africa obtain access to affordable energy to power its econois based on hydropower and sugar cane bagasse power
mies? Which are the most economic resources, and what are the
plants (70%/30%).
best ways to develop them? How do governments circumvent
✔ Mozambique: The country mostly uses hydropower
the backlog of needed investment? What are the roles of govfrom Cahorra Bassa on the Zambezi River.
ernments and the private sector? How can rural electrification
✔ Namibia: Namibia imports most of its electricity from
be accomplished? How will climate change affect a developing
South Africa and other countries. The use of Kudu gas
continent? Is renewable energy economical as compared with
for power generation has been considered as an option
traditional grid-based thermal coal and hydropower sources?
for the future.
The answers are not evident, and regional differences in the
✔ South Africa: The country has substantial coal recontinent will probably lead to dissimilar responses.
sources; it accounts for more than 90% of Africa’s
The World Economic Forum’s (WEF’s) Africa Competitivetotal coal consumption and 75% of its electricity genness Report 2009 recommends that Africa do more to improve
erated with that fuel. Concerns on CO2 emissions are
its energy generation and transmission systems by opening up
growing, and the country has pledged to reduce them.
opportunities for private investments through public-private
✔ Swaziland: Only 60 MW is generated internally, all
partnerships in cogeneration projects, merging small projects
of it from hydro, and this equates to only 15% of the
to obtain economies of scale, and creating cooperative arrange68
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total need. The remaining energy is imported from
Eskom in South Africa and EDM in Mozambique.
✔ Tanzania: Tanzania meets its demand with the 71%
of local generation that is based on hydropower. Thermal and natural gas are also in use.
✔ Zambia: Most of the 2,500 MW installed capacity in
Zambia is from internal generation based on hydropower plants.
✔ Zimbabwe: Zimbabwe imports 35% of its power
from South Africa and Mozambique while generating
the remaining 65% from thermal sources.
The southern African region functions as a political and
economic entity and is supported by the Southern African
Development Community (SADC). This positive leadership
is producing tangible results. One sterling result is the formation of the Southern African Power Pool to promote the
sharing of energy resources among countries of the region.
To date, the national grids of ten of the members of the
12-member SADC group have been interconnected, from
Cape Town in the south to Kinshasa in the north and from
Maputo on the east coast to Windhoek on the west coast.
These developments bode well for the economic prosperity
of the region. A map of the interconnected power system is
provided in Figure 1.
The southern African power system consists of 765-kV
extra-high-voltage (EHV) ac transmission; 533-kV and
500-kV HVdc; 400-kV, 330-kV, 275-kV, and 220-kV HVac
transmission; and 132-kV, 88-kV, 66-kV, and 33-kV HVac
distribution power systems. Rural reticulation is at 22 kV and
11 kV on traditional wood pole structures. Urban reticulation
is at 11 kV in underground cable circuits. Power generation
is mostly from thermal coal plants, with a few hydro facilities
and one nuclear plant. The base load power system is supported by hydro pumped storage and open-cycle gas turbines.
This model of successful regional, political, and economic
cooperation has migrated across Africa. The power pool
model has now been adopted by the other regional entities
across Africa, and the following networks have been devel-

oped: the East African Power Pool, the West African Power
Pool, the Central African Power Pool, and the North African
Power Pool. All are established and operational. Emanating
from the regional power systems, we can expect to see the
beginnings of a continental grid. The large Inga hydroelectric scheme on the Congo River in central Africa will trigger
the launch of the continental grid. It will most likely be engineered at 1,100-kV and 800-kV ultra-high-voltage (UHV) dc.

Power and Energy
Plans for Mozambique
To illustrate how a developing country in Africa can achieve
energy and electricity development, the country of Mozambique was chosen as an example. Mozambique has experienced long-term political stability, contributing directly
to rapid GDP growth. Mozambique is pushing ahead with
large-scale projects in energy infrastructure, including accelerated plans for rural and urban electrification. Mozambique
benefits from the full energy mix of continental Africa, from
natural gas to hydropower to coal and including vast solar
and wind renewable energy resources. The electricity mix
for Mozambique is shown in Figure 2.
The priority for Mozambique is to establish a national grid
linking the hydro and coal power stations in the north with
the load centers in the south. For bulk power transmission,
500-kV HVdc is planned from Tete in the north to Maputo
in the south. The HVdc bulk power will be supported by
400-kV HVac transmission, providing power delivery to
smaller load centers from north to south. The proposed transmission scheme is shown in Figure 3, where Cahora Bassa
and Tete are at the top node and Maputo is at the south node;
there are several intermediate power delivery stations as well.

South Africa
South Africa is the exception on the African continent. It
falls more into the category of a developed rather than a
developing country, although great gaps continue to exist in
power utility infrastructure services for rural communities.
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figure 2. Evolution of the electricity matrix in Mozambique.
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South Africa is being challenged by a rapidly growing
national and regional demand and an aging power system.
South Africa had the world’s lowest-cost energy tariffs
up until 2007. To finance new power system investments,
however, heavy tariff increases are now being passed on
to customers. The affordability of energy is now becoming a central issue. Tension is increasing. Customers are
experiencing supply unavailability while paying higher
energy costs.
Industrial investors are confronted with uncertainty about
the future power supply and future tariffs. South Africa has
an abundance of coal, of sunshine, of coastal wind, and
of neighbors with vast hydro reserves, however. Again, an
externality dominates the country’s strong engineering base:
poor leadership at the policy and operating levels is causing
a loss of confidence.

Future Challenges
In addition to preparation of the right political, business,
legal, and institutional environment for power and energy
initiatives to grow and flourish, we wish to highlight two
specific challenges for the future: renewable energy opportunities and the need for human development in maintaining
and sustaining engineering solutions.
Africa can jump over the backlog in power infrastructure
by exploring and exploiting its renewable energy resources.
Competitiveness Report 2009 notes that 17 countries in Africa
are among the top 35 nations in the world with the biggest
total reserves of solar, wind, hydro, and geothermal energy.

As indicated earlier, 92% of Africa’s hydropower potential
is still underdeveloped. Most of Africa receives solar radiation of the order of 6–8 kWh/m2 per day. This is among the
highest levels in the world, placing 31 African countries in
the top 35 countries on the planet for this resource. Further,
renewable energy generation is cost-effective and more economical for customer loads of less than 5 kW. This is its key
advantage for electrification, and it can contribute directly by
avoiding costly grid infrastructures and large capital expenditures for base load generation. There is no public call for
coal or nuclear power stations.
Investments in human development are also a priority for releasing the human energy needed to maintain
and sustain the power infrastructure. Across Africa, one
is always confronted with power plants and power infrastructures that physically exist but are not operational. For
example, in “advanced” South Africa, the present installed
power generation capacity is around 40 GW but in general, 10 GW is unavailable for varying reasons. This leaves
30 GW of operating plant capacity to manage the growing 30 GW of demand. South African electricity customers
are all too well versed in the definition of reserve margin.
There is value in the 10 GW, and it is human energy that
can extract that value and bring it to market. It is always
easy to build a new plant. But it is much more challenging
to sustain it over time.
On a recent visit to an 800-kV UHVdc converter station
outside Shanghai, we experienced the absolute silence of
6,400 MW of power delivered on a single bipole from hydro
resources located 2,500 km away. The city of Shanghai now
consumes more power than all of South Africa. China surges
forward beyond 1,000 GW, but China is less fortunate than
Africa in natural and renewable energy resources. Africa has
no excuse.

For Further Reading
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figure 3. Planned Mozambique transmission system:
500-kV HVdc with 400-kV HVac.
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