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Electricity has become an indispensable prerequisite
for enhancing economic activity and improving human
quality of life. Agricultural and industrial production
processes are made more efficient through the use of
electricity. Households need electricity for many pur-
poses, including cooking, lighting, refrigeration, study
and home-based economic activity. Essential facilities,
such as hospitals, require electricity for cooling, sterili-
sation and refrigeration.

Africa currently has 147 GW of installed capacity, a lev-
el comparable to the capacity China installs in one or
two years. Average per capita electricity consumption
in sub-Saharan Africa (excluding South Africa) is just
153 kWh/year. This is one-fourth of the consumption in
India and just 6% of the global average. Nearly 600 mil-
lion people in Africa lack access to electricity. Electricity
blackouts occur on a daily basis in many African coun-
tries. Faced with this situation, people and enterprises
often have to rely on expensive diesel power genera-
tion to meet their electricity needs, costing some Af-
rican economies between 1% and 5% of GDP annually.

To meet its growing demand Africa has an urgent need
to raise the level of investment in its power sector.
Analysis of a range of country and regional studies sug-
gests the continent will need to add around 250 GW
of capacity between now and 2030 to meet demand
growth. This will require capacity additions to double to
around 7 GW a year in the short-term and to quadruple
by 2030. The magnitude of the investments required
is such that governments will need public-private part-
nerships in order to scale up investment in generation
capacity. While access rates are improving in some
countries, the business environment and policy frame-
work are still not sufficiently robust to attract the level
of private investment required to install the additional
250 GW by 2030. Many African countries are burdened
by opaque policy frameworks and excessive red tape,
while electricity subsidies and government mandated



pricing often hinder sustainable business investment. Renewable power generation technologies alone will not
meet Africa’s energy challenges. For example the policy framework, manufacturing base, social issues related to
energy need to be considered as well.

Africa faces a unigue opportunity as nearly two-thirds of the additional capacity needed in 2030 has yet to be
built. The continent can benefit from the recent global progress and cost reductions in renewable power gen-
eration technologies, to leapfrog the development path taken by industrialised countries and move directly to a
renewable-based system.

Scenarios and Strategies: The Renewable Scenario

This working paper compares fwo scenarios:

The Reference Scenario: This is a continuation of existing economic, demographic and energy sector trends
and only takes into account existing policies. Universal electricity access is not achieved and access reaches
only 43% in 2030.

The Renewable Scenario: This scenario examines the impact of policies in Africa to actively promote the transi-
tion to a renewable-based electricity system to meet the growing needs of its citizens for electricity, to boost
economic development, and improve electricity access. Importantly, this scenario achieves electricity access
forallby 2030 and assumes concerted government action inthe area of efficiency standards and programmes.

The Renewable Scenario highlights that if the right policies are in place, this could be a future path for least-cost
development, particularly for bringing electricity access through renewable off-grid systems to millions of Africans
currently lacking access to the grid. It projects that the share of renewables could increase to 50% in 2030, and to
73% by 2050. This scenario assumes that around four-fifths of all new capacity installed between 2010 and 2030
would be renewable, and that virtually all installed capacity after 2030 would be renewable.

The Renewable Scenario estimates an increase in the electricity system costs (investment and fuel) between 2008
and 2030 of around USD 700 billion (USD 32 billion per year), compared to the Reference Scenario. This increase
includes the cost of achieving universal electricity access. However, in the long term the Renewable Scenario’s
undiscounted electricity system costs are USD 1 trillion (25 billion per year) lower than the Reference Scenario.
These investment figures mask significant additional macro-economic benefits. If the local content of renewables
projects can be raised, it will result in lower absolute costs per kW and improved balance of payments positions, as
well as higher economic activity and sizeable job creation.

Barriers to implementation are project-specific and cannot be generalized. For large hydropower the size of single
projects still poses a challenge whereas in the case of small hydropower the lack of viable business models is per-
haps the greatest challenge. Many countries are lagging behind in the introduction of biomass, geothermal, solar
and wind for power generation. However, this paper also shows both established and emerging areas of success. In
cooperation with European partners and multilateral financing organizations solar resources in northern Africa are
being developed, and a number of countries have started to harness their wind resources, including Egypt, Moroc-
co, Kenya and South Africa. Kenya has also started an ambitious programme to develop its geothermal resources.
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Africa: A land of renewable opportunities

Africa is endowed with vast untapped renewable energy resources that can provide electricity for all at an afford-
able cost. Large hydropower is the least-cost renewable energy solution today. It is followed by onshore wind,
biomass and geothermal. Solar is currently more expensive, but has a huge potential and technology costs are
rapidly falling.

Hydropower has dominated renewable power investment across the continent, but only generates 5% to 10% of
the total technical potential, equivalent to 10% to 20% of the total economically feasible potential. The Grand Inga
and Ethiopian hydropower projects stand out as large resources, but other countries in West and Central Africa
also have great potential for large and small hydropower. The remaining hydropower technical potential is between
100 GW to 150 GW, but will require significant investment in transmission lines to connect projects to demand cen-
tres, and special attention to sustainability aspects.

Solar has by far the largest renewable resource potential in Africa, with high-quality solar resources available ev-
erywhere, except in the equatorial rainforest areas. There is large technical potential for concentrating solar power
(CSP) and photovoltaics (PV) in Africa, and even under conservative assumptions it could meet demand, and even
surpass it in 2050. The key factor holding back the development of solar in Africa is its price and its variability. How-
ever, rapid cost reductions are being achieved for solar PV, due to technological developments and an improving
learning rate. As a result, annual capacity additions have been growing rapidly. At the same time, PV solutions for
rural areas can play a vital role in enhancing off-grid energy access. The CSP market is small compared to the PV
market. However, CSP offers interesting cost reduction opportunities and complements PV with the possibility of
baseload (by using low-cost thermal storage) power generation.

This paper presents new resource potential estimates for solar and wind. The onshore wind resource in Africa is
in the order of 1750 GW, far more than total African demand for the foreseeable future. Its quality varies, but the
North-West Atlantic coast, the Red Sea, the Horn of Africa, South Africa and Namibia all have high-quality re-
sources. Total African wind potential with a capacity factor above 30% exceeds 300 GW. This potential is virtually
untapped today, as Africa’s wind resource is just starting to be exploited. Certain exposed inland sites also show
some good wind potential, but better mapping and data is needed. The full use of Africa’s wind potential will re-
quire significant investments in the transmission system to connect these resources to demand centres.

The CSP, PV and wind resources of North Africa offer the potential for low-cost electricity production within
the2050 time horizon. Exports of electricity to Europe, as proposed by the DESERTEC consortium, could help
drive developments of renewable electricity in North Africa and provide valuable operating experience and cost
reductions. Ultimately, initiatives such as the DESERTEC could result in 100 GW of renewable capacity producing
400 TWh of electricity for export to Europe by 2050.

The availability of high-quality geothermal resources in Africa is limited relative to that of wind and solar. The po-
tential is still in the order of 7-15 GW and is concentrated in the East African Rift, especially in Kenya and Ethiopia.
High-guality geothermal resources are an excellent source of low-cost, baseload electricity.

Currently, bioenergy is widely used in Africa for cooking and industrial use, but not for power generation. Power
generation using bagasse residues is the largest source of power from bioenergy in Africa and could be expanded.
Agricultural residues (e.g. rice husks) represent interesting opportunities, either through gasification (dry biomass)
or anaerobic digestion (wet biomass). The co-firing of biomass in coal-fired power plants could also make a signifi-
cant contribution in southern Africa.
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Recommendations to accelerate the deployment of renewable power in Africa

The main goal ofthe Scenarios and Strafegies for Africa Project is fo provide insights into the opportuni-
ties and costs of a renewable energy development path. This working paper has identified a number of
issues and policy areas thatrequire attention, if the Renewable Scenario isto become a reality. In order
to accelerate the deployment of renewable power generation, African energy ministers may consider:

Developing clear and stable policy frameworks that enable the private sector to invest with confidence.

Exploring opportunities for local manufacturing as a means to reduce capital costs, create local employment
opportunities, and improve trade balances.

Including renewables in economic development strategies, develop long-term energy sector scenarios and
strategies, and develop business/entrepreneurship models for renewables and their productive use.
Assessing the specific technology needs in Africa at the national level, and design strategies and roadmaps
to tailor renewable technologies to local conditions and accelerate their deployment.

Enhancing the mapping of renewable energy potentials (notably small hydro, biomass and onshore wind)
and make the information publically available.

Cooperating in the development of a continental electricity grid of sufficient capacity to connect remote
renewable resources, improve security of supply, and to manage higher shares of variable renewable in the
electricity mix.
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. Infroduction

1.1. THE AFRICAN ENERGY
CHALLENGE

With 5% of global primary energy use and 15% of the
world’s population, per capita energy consumption in
Africa is only a third of the global average. However,
the situation is even more serious than implied by these
figures; once traditional biomass is excluded Africa’s
per capita consumption is just a sixth of the global av-
erage. The key challenges facing the African energy
system are:

Access to electricity needs to be increased. In
2009, 587 million Africans were still without ba-
sic electricity services.

Electricity supply needs to be expanded rap-
idly and reliability improved. Per capita elec-
tricity consumption is low and outages frequent.

Increasing supply and improving reliabil-
ity will facilitate economic growth and increase
incomes.

In 2009, 587 million Africans lacked access to electric-
ity (IEA, 2011). At the same time, limited and unreliable
energy access is a major impediment to economic
growth. Unreliable electricity supplies impose direct
costs on African economies in terms of lost productive
output; while lack of access to electricity imposes sig-
nificant costs on households and can limit economic,
educational and social activities.
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In the coming decades the population of Africa will
grow faster than the global average, per capita energy
use will increase and the energy mix will have to transi-
tion to modern fuels. These three factors will put tre-
mendous future pressure on Africa’s already struggling
energy supply, but ensuring this transition occurs will
be critical if growth in incomes and poverty reduction
are to occur.

Improving electricity access, supply and reliability
in Africa

Energy access is an important issue directly related to
income and poverty. Access to modern energy rises
from virtually zero for the lowest income quintile to
70% to 90% for the highest income quintile (Monari,
2011). While electrification programmes have improved
access in some countries, many rural populations re-
main deprived of electricity. While northern Africa is
virtually entirely electrified, the average electrification
rate for sub-Saharan Africa is just 35% (Figure 1). It is
especially low in rural areas (below 20%). In 41 coun-
tries in Sub-Saharan Africa more than half of the popu-
lation has no electricity access. In a business-as-usual
scenario the average electrification rate will barely rise
between now and 2020 (Monari, 2011).

Average electricity use in Africa today is 620 kWh per
capita. For sub-Saharan Africa without South Africa
it was just 153 kWh per capita in 2009, which will rise



to 235 kWh in 2020 in a business-as-usual scenario
(Monari, 2011). In comparison, in 2010/11 India will con-
sume 640 kWh per capita and the world average was
2,730 kWh per capita in 2009. Ensuring adequate elec-
tricity provision is a challenge for the power genera-
tion industry and policy-makers. However, the cost of
inaction may be higher than increasing the electricity
supply and improving reliability, because of the costs
this imposes on African economies. Between 1990 and
2005, the poor performance of the power infrastruc-
ture retarded economic growth, reducing per capita
GDP growth by 0.11% per year for Africa as a whole and
as much as 0.2% in southern Africa (Foster and Brice-
no-Garmendia, 2010).

In sub-Saharan Africa, 30 out of 48 countries experi-
ence daily power outages. These cost more than 5% of
GDP in Malawi, Uganda and South Africa, and 1-5% in
Senegal, Kenya and Tanzania (Foster and Briceno-Gar-
mendia, 2010). Diesel generators are used to overcome
these outages and more than 50% of power generation
capacity in the Democratic Republic of Congo, Equa-
torial Guinea and Mauritania, and 17% in West Africa,
is therefore based on diesel fuel. The resulting genera-
tion cost can easily run to USD 400/MWh, which is sig-
nificantly more expensive than most renewable energy
solutions. Reliable and affordable power supply is an
essential prerequisite for economic growth. Elec-
tricity from renewable sources can play a key role in
improving electricity supply in Africa (Holm, 2010).

Prospects for the African Power Sector
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There is good reason to be optimistic about the chanc-
es of improving electricity access in Africa, as there are
some notable success stories where countries have
made good progress in improving electricity access.
Ghana has raised overall access from 25% in 1989 to
66% in 2011, with rural access rising from 5% to 40%.
In South Africa, urban electricity access has risen from
30% in 1994 to 83% in 2010 and rural access has risen
from12% to 57% over the same period. In Morocco, rural
electricity access has risen from less than 15% in 1990 to
97% in 2009 due to a combination of grid extension and
the provision of photovoltaic (PV) kits to isolated villag-
es. However, in many countries with rapid population
growth, an increasing rate of access to electricity does
not necessarily mean a reduction in the absolute level
of population without access. Importantly, the success
stories are generally closely linked to good governance.
Countries suffering from political instability or conflict
have fared less well in terms of electrification.

Successful implementation models for electricity ac-
cess vary. In South Africa, the national utility Eskom
has driven a utility-led approach. In Ghana, a self-help
community electrification programme has been used,
a model based on positive experience in Thailand in the
1970s. Foreign investment can also be important. For
instance China is investing USD 700 million in Guinea’s
rural electricity system. But it should be noted that
none of these countries are least developed countries
(LDCs). In these very poor countries many are not able
to afford electricity. This poverty is the core of the
problem in Africa, as it undermines the sustainability of
many electrification programmes. In many cases gov-
ernance also poses a challenge and is a further brake
on the rapid expansion of electricity supplies.

The cost of improving access to modern energy sourc-
es is large, but not insurmountable. Worldwide univer-
sal energy access by 2030 will require an investment
of USD 34 billion (bn) per year over and above the
baseline investments, with USD 32 bn per year extra for
electricity and USD 2 bn for cooking fuels (IEA, 2011).
About 60% of these additional investments (USD 20 bn
per year) would have to be in Africa just for universal
electricity access by 2030. In comparison, total Afri-
can power sector investment including operation and
maintenance is today around USD 50 billion per year
(UNECA, 201).

Today sub-Saharan Africa investments from the World
Bank Group alone amount to USD 10 bn per year in
the power sector: USD 2.27 bn for grid extension,
USD 4.59 bn for grid-connected supply, USD 1.37 bn for
off-grid renewable electricity, USD 1.07 bn for policy/
regulation and USD 0.76 bn for the efficient use of elec-
tricity (Monari, 2011).

The challenges to improving energy access, increasing
electricity supply and improving reliability of supply are
not insurmountable, but will require co-ordinated ef-
fort to overcome the wide range of barriers that exist
(Eberhard et al., 2008). Renewable electricity is not a
silver bullet to achieve these goals, but it can help to
overcome many of the challenges, because:

Many solutions are modular and applicable even
on a small village or household scale. This al-
lows significant flexibility in supply expansion,
reduces project lead times and complexity, and
reduces the investment cost to smaller manage-
able increments.

Decentralised solutions can be implemented in
locations without grid access. In fact, renew-
ables are often the most economic solution to
expanding electricity access to remote locations.
Access to electricity is often a precondition for
economic activities, eg to cool agricultural prod-
ucts so they can be shipped to the market. In a
separate study IRENA is looking into renewable
energy for productive activities in Africa.

In many cases, renewable solutions are the most
economic supply solution even for grid supply.
Africa is blessed with high quality renewable
resources and continued cost reductions for re-
newable power generating technologies provide
an opportunity to avoid the inefficient, fossil-fu-
el based industrialisation of OECD countries and
leapfrog to systems dominated by renewables.

The renewable power generation opportunities in Af-
rica are so good that in the long-run North Africa could
even export electricity to Europe. Up to 15% of Euro-
pean electricity demand, which would be equivalent to
15% of African electricity production in 2050, could be
supplied from solar and wind plants. The better qual-
ity of renewable resources in Africa creates an eco-
nomic incentive in both continents for such a scheme.
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1.2. GOAL OF THIS WORKING PAPER

The scenarios and strategies project for Africa at
IRENA is ongoing. This paper provides early insights
for the power sector in Africa. This analysis for Africa’s
power sector focuses on the period to 2030, with an
outlook to 2050 to examine long-term issues that have
an impact on investment decisions in the near future.
Other IRENA work projects, such as those on renew-
able power generation costs, are essential inputs into
the analysis presented here. Two scenarios are anal-
ysed: the Reference scenario and the Renewable sce-
nario. The Reference scenario explores a continuation
of ongoing energy sector trends while the Renewable
scenario examines the impact of policies in Africa to
actively promote the transition to a renewable-based
electricity system

The main goal of the scenarios and strategies analysis
for Africa is to provide insights into the opportunities
and costs of renewable energy development pathways.
The scenarios are not intended to be forecasts of what
will happen, but rather allow the complex interaction of
markets, costs, and other core drivers to be analysed in
order to identify key trends, development opportunities
and critical technologies or assumptions. This informa-
tion is vital for long-term planning and investment deci-
sions, as the results of different scenarios can be used

to explore the sensitivity of different electricity devel-
opment strategies to changes in costs, income growth,
fuel prices, etc. The insights provided by the scenarios
and strategies analysis show the usefulness of the tools.
Further analysis and dissemination is planned in order
to refine the proposed strategies and to allow feed-
back from the other IRENA sub-programmes to inform
the analysis.

In the IRENA work programme, the analysis of sce-
narios and strategies is an important project in its own
right, but will also feed into the “renewables readiness
assessment” project, which will assess policy priorities
and best practices in renewable energy policy develop-
ment. This will in turn be the basis for the IRENA work
on financing investment and capacity-building activi-
ties. This work will start with detailed renewable readi-
ness assessments for Mozambigque and Senegal.

In addition to being used as inputs to these other ar-
eas of work, the scenarios and strategies developed are
also useful for country planning. This paper discusses
results on a technology and a country/regional level. In
2012, the analysis and the tools developed will be rolled
out through a set of workshops. Hands-on refinement
for scenarios and strategies will help to build under-
standing and support among policymakers.

'The other main reason is the continued insufficient investment in power
supply, transmission and distribution, which has meant that consumers
rely on their own diesel generators as backup when outages occur.
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The focus of the analysis in this working paper is limited
to renewable energy and renewable energy technolo-
gies as a means to overcome the current and future
electricity sector challenges Africa faces. Renewables
are attractive for a number of reasons, but their use
must be seen in the light of competing fossil-fuel en-
ergy options.

Given the pressing energy challenges Africa faces to-
day, one may ask why policy-makers should be inter-
ested in issues that are many years or even decades
away. The reason is that decisions now can entrench
technology development paths that are very expen-
sive to change later on due to the long lifespan of
power generation assets. Moreover, the energy scene
is changing rapidly. Just a decade ago, new oil-fired
power plants were built in Africa based on the assump-
tion that the low oil prices at the time would continue.
In hindsight, this was a costly decision and highlights
that the high dependence on diesel aggregates today
is a consequence in part of insufficient energy planning
in the past. 1 Scenario and strategy analysis is therefore
a very valuable tool that can support the decision-mak-
ing process and reduce the risk of expensive choices or
energy shortages in the future.

Policy-makers need reliable, independent information
regarding technology cost, the reliability of equipment,
and recent and upcoming technological innovations
that may affect their policies. This is important, given
the large investment needs for power generation. Poor
decisions can cost billions of dollars. This project aims
to provide accurate cost and potential data for re-
newable power generation, assess the contribution
of different renewable technologies in different sce-
narios and outline the basis for a strategy that accel-
erates the deployment of renewable energy in the
power sector.

Scenarios to 2050, uncertainty and inputs

It is important to remember that the further out into
the future scenarios go, the more speculative they be-
come. The projections for 2050 are inherently very un-
certain, especially in a rapidly evolving market such as
Africa. The 2050 results that are presented here should

2An overview of these studies is provided in an earlier IRENA
working paper (IRENA, 2011a).

be considered in the light of this uncertainty. The main
benefits arise from identifying key patterns, the gen-
eration mix in different countries, critical assumptions,
and the sensitivity of the results, rather than the abso-
lute levels projected. However, despite these caveats,
a long-term perspective is needed, because emerging
issues and constraints need to be considered in deci-
sions taken today, given that power plants can operate
for 30 to 40 years.

The IRENA scenarios build on analysis that has already
been undertaken for Africa. A number of energy sce-
nario and strategy studies have been published in re-
cent years and these serve as a starting point for the
IRENA analysis. Studies with a continent-wide focus
include the:

Africa infrastructure study (Foster and Briceno-
Garmendia, 2010);

World Energy Outlook (IEA, 2010 and 2011); and

Energy Revolution study (EREC and Green-
peace, 2010).

There have also been some country-specific studies
and reports by regional organisations, including stud-
ies of:?

North Africa (OME, 2008, and 2011b);
South Africa (GSA, 2011); and
Egypt (OME, 2011a).

These studies have helped to inform the analysis un-
dertaken by IRENA and in some cases have provided
guidance on input assumptions. However, these have
only been a starting point, as the power sector analy-
sis undertaken for Africa as a whole by IRENA is more
comprehensive, detailed and up to date regarding the
latest renewables technology insights than any of these
other studies.

Many other country-level studies exist, but not all are
in the public domain. Some are detailed energy sys-
tem assessment studies, others are investment plans
or technology needs assessments of varying levels of
detail. A wide range of other sources of information and
analysis has also been used to identify the current state
of Africa’s electricity system, the renewable resource
potential, as well as many other factors that are vital to
developing scenarios for Africa.
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1.3. THE AFRICAN POWER SECTOR TODAY

African power generation is dominated by fossil fuels (Figure 2). Coal, oil and gas together account for 81% of
power generation. Hydropower accounted for 16% and other renewables accounted for 1% of total power genera-
tion in 2009.

Other renewables

Hydro 1%
16%

Nuclear

29, Coal and coal
products
40%
Natural gas
29%

Oil and oil
products
12%

FIGURE 2: AFRICAN POWER GENERATION BY FUEL, 2009
SOURCE: IEA DATABASE.

Africa had 147 GW of power generation capacity as of January 2011 (Platts, 2011). This includes 27.8 GW of renew-
able energy capacity, with hydropower accounting for 93% (25.9 GW) of total renewables capacity, equivalent to
18% of total power generation capacity (Figure 3). A total of 980 operational hydropower plants have been identi-
fied, with an average capacity of 26 MW. About 392 plants have a capacity of 10 MW or more (large hydro) and 588
plants have a capacity of less than 10 MW (small hydro). There are 46 wind farms with an average capacity of 16
MW. Bagasse-fired electricity plant dominates biomass power generation, accounting for 94% of biomass-based
power generation capacity (123 plants with an average capacity of 7 MW). Finally, there are 14 geothermal plants
with an average capacity of 15 MW.

Oil-fired power generation accounts for 17% of capacity and 12% of generation. This relatively high share, compared
with the world average of 5% is partly due to the costly decision made by several African nations in the 1990s to
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FIGURE 3: AFRICAN POWER PLANT CAPACITY SHARES
Source: PLATTs DATABASE, 2011

build oil-based power plants when oil was cheap. Long-
term, realistic price forecasts or scenarios would have
shown that this was a very risky decision to make. Un-
fortunately, history may be repeating itself, as recent
decisions to build new coal-fired power plant expose
nations to significant risks surrounding future cost de-
velopments, particularly for fossil fuel prices and CO,
price risk, given that the nature and scope of future CO,
emissions regimes is highly uncertain. These risks may
appear small in the short-term, especially for CO, pric-
es, but coal-fired plants routinely operate for 40 years
or more and much can change between now and 2050.

In the short term, five countries will dominate devel-
opments in the African power sector. Algeria, Egypt,
Ethiopia, Nigeria and South Africa together account for
nearly 60% of African primary energy use (see Figure
4). These five countries are therefore the subjects of
in-depth analysis by IRENA (IRENA, 2011a). The energy
sectors of the other countries in Africa play just as vi-
tal a role in the economic development of their coun-
tries, but their impact on total electricity consumption
and generation trends is smaller. These countries are
pursuing various policy goals. Morocco, for instance is
seeking to become self-sufficient in energy, while most

Qil and oil products
16.9%

sub-Saharan countries are focussing on reducing en-
ergy supply problems, increasing electricity access and
reducing energy poverty.

FIGURE 4; PRIMARY ENERGY USE IN AFRICA BY COUNTRY, 2009
SOURCE: |[EA DATABASE.
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1.4. ASSESSING THE RENEWABLE
ENERGY POTENTIAL FOR POWER
GENERATION IN AFRICA

The development of robust energy scenarios for
Africa requires realistic estimates of the renewable
energy potentials for each country in terms of installed
capacity and energy production for each renewable
energy source. The data required for this analysis has
been extracted from initial analysis by IRENA of the
renewable potential, supplemented by a wide range
of external sources. The most detailed resource data
available to IRENA has been compiled to provide
detailed estimates of renewable energy potentials.
These have then been aggregated to the country
level. However, for simplicity the resource potentials
are generally presented at the level of the five African
regions covered in the analysis in this paper. The key
sources for the renewable resource potentials used in
the scenario analysis are outlined below:

For hydropower: The potential is based on as-
sumptions obtained from the 2010 Survey of en-
ergy resources, published by the World Energy
Council (WEC, 2010).

For geothermal: The literature provided a wide
range of estimates. For the scenario analysis a
total potential of 10 GW in the Great Rift Valley
was considered feasible®,

For bioenergy: The potential estimate is based
on a range of literature sources. The potentials

é

used in the scenario analysis are possibly con-
servative, as they represent the lower end of a
wide range.*

For solar and wind: The literature did not pro-
vide suitable estimates for the analysis of these
highly-distributed resources. The potentials
used in the scenario analysis are therefore based
on initial IRENA analysis of the highest resolu-
tion datasets available. The numbers that are
shown in Table 1 reflect 10% of the technical po-
tential® that has been identified and take into ac-
count competition from other types of land use.

Although point estimates of the energy potential of
renewable for power generation are used, in reality,
significant uncertainty exists and there is a wide range
for the potentials (typically +/- 50%). The average po-
tentials for renewable power generation by region and
technology used in the scenario analysis are presented
in Table 1. The largest potentials are for solar and wind.
It should be noted that these are technical potentials
based on a number of criteria and consideration of fur-
ther limiting factors may reduce them.® The economic
potential of each renewable technology is likely to be
substantially lower than the technical potential in most
cases. While these factors will not limit the use of solar
(due to the massive resource available) regional limita-
tions may emerge for wind, hydro and biomass in the
long term. As for biomass, its potential will evolve over
time depending on agricultural productivity and food
demand and the outcome is uncertain. For biomass

CSP Wind Hydro Biomass Geothermal
CF
Total  30%- SR>
40% 40%
TaBLE T; ()
TeCHNICAL POTENTIALS For Central Africa 299 120 6 6 1057 1572
POWER GENERATION FROM Eastern Africa 1,758 2,195 1,443 309 166 578 642 88
RENEWABLES (NUMBERS ARE Northern
SUBJECT TO UNCERTAINTY, Africa = A0 Lol e2s e 7 250
TYPICALLY +/- 50%)
i‘f’r‘figem 1,500 1628 852 00 17 26 9%
X\ﬁisct;m 227 1,038 394 17 1 105 64
Total Africa 4,719 6,567 3,823 667 259 1,844 2,631 88

Source: Herman, et al., 2011; IRENA, 2011a.
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and for hydropower, the resource potential might be af-
fected by climate change. However, what is clear today
is that the renewable power generation potential in Af-
rica is very large compared to installed capacities.

This paper is not intended to provide detailed resource
potentials by technology, but rather to identify real-
istic mid-points for a wide range of potentials based
on a first estimate undertaken by IRENA. The adopted
approach is deliberately conservative in order not to
overestimate the potential and to ensure the renew-
able scenarios presented are robust. Ongoing work by
IRENA aims to substantially improve estimates of the
renewable resource in Africa by examining in more
detail the data available and, as a result, being able to
identify the quality and location of the renewable re-
sources more precisely.

For the scenario analysis, it is the relative size of each
renewable resource, its geographic distribution and its
costs that are the most important factors. These fac-
tors have the greatest impact on the mix of renewables
that is optimal for each country and region.

Calculating renewable power generation potentials for
solar and wind

Given that this paper covers a whole continent, and
only a limited amount of underlying data is available, an
approach by exclusion zones has been used to simplify
the analysis and calculations. Future analysis, based on
more detailed spatial data sets, will make an approach
by opportunities possible and should provide much
more robust estimates.

The data for solar irradiation was provided by Mines
ParisTech (with spatial resolution of 0.25 degrees)
from the HelioClim-3 database. For wind, the data was
provided by the private company Vortex (9 km resolu-
tion). IRENA was made aware of the uncertainty and

limitations of these datasets by its partners. In particu-
lar, these spatial scales do not take into account local
effects (micro-climates), which can lead to the actual
conditions varying significantly from the potential im-
plied by the data at this level of detail. This is a critical
factor in explaining the wide range of uncertainty that
must be placed on the current resource estimates.

The specific assumpfions made for the exclusions
Zones were:

The exclusion of any water bodies, protected
areas, forested areas and built-up urban areas.

In the case of CSP, the exclusion of all areas with
a slope greater than 2.1 degrees.

In the case of PV and wind, the exclusion of land
with slopes larger than 45 degrees.

For wind, only the onshore potential has been
examined.’

For solar and wind, any renewable energy po-
tential 200 km or more from a city was exclud-
ed, due to the large distances to the consumer.?

Areas with low wind speeds (less than 4 m/s on
average) and low solar irradiation (below 1500
kWh/m2/year for PV and 1 800 kWh/m2/year
for CSP) were excluded.

The spacing factor for solar energy is the ra-
tio between the total area needed for a solar
plant park and the area of the collectors alone.

The remaining available areas were converted into
technical potentials by considering the possible density
of installation, technical parameters and transmission
losses. The technical parameters are listed below in Ta-
ble 2. After all of these factors were taken into account
only 10% of the remaining land was finally considered
as available.

SThe literature suggests a potential of anywhere from 7 GW to 15 GW.

“For an overview of the data sources see IRENA, 2011a. The lower end of the regional range identified in the working paper has been used.
It was assumed that one-third of the biomass potential would be available for power generation. Significant uncertainty exists over the true
potential and IRENA has ongoing work to refine this dataset.

SExceptin the case of the high-quality wind resource (e.g. with a capacity factor greater than 30%), where all of this potential has been included.

5 Varying the underlying assumptions in the calculation of the technical potential would yield different results. Thus even technical potentials
are highly dependent on the underlying assumptions made, as well as the quality of the available data on the resource (e.g. wind speeds at
different heights, solar irradiation, etc.).

7 Analysis of offshore wind is included in plans for future IRENA work on resource potentials.

8This is a relatively crude assumption and was made, in part, because no data was available to exclude based distance from the
electricity network.
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TABLE 2: EXAMPLE OF THE TECHNICAL ASSUMPTIONS USED FOR THE CALCULATION OF
SOLAR AND WIND POTENTIALS

Solar PV
Resource > Solarcell » Transmission > Spacing » Available = Technical
Availability efficiency efficiency Factor Area Potential
(kWh/m/year) (%) (%) -) (km?) (TWh/year)
Example 2,000 15 85 3 100
Solar CSP*
Resource > CSPplant » Transmission » Spacing » Available = Technical
Availability efficiency efficiency Factor Area Potential
(kWh/m?/year) (%) (%) ) (km?) (TWh/year)
Example 2,500 Estimated 85 5-9 100
power
curve
Wind energy
Resource » Windpro- » Transmission > Estimated » Available = Technical
Availabil- duction efficiency turbine Area Potential
ity density
(arfgg € (MWh/) %) (MW/kim?) km?) (TWh/year)
Example 7 Based on an 85 14 100
estimated
power
curve**

* Water availability for cooling and the cleaning of mirrors was not incorporated as a limiting constraint, but will be in future analysis.

** The theoretical power curve is based on an average 2 MW turbine with 80 m diameter and 80 m hub height to evaluate wind speeds
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1.5. THE COMPETITIVENESS OF
RENEWABLE POWER GENERATION

The cost of renewable power generation varies by
technology, resource quality, project details, and site.
The capital costs and the levelised cost of electricity
(LCOE) of renewables have come down over time and,
driven by learning effects, will continue to decline in the
future. For each doubling of installed capacity, costs
tend to decline by a fixed percentage - the so-called
“learning rate”. The annual capacity additions for most
renewables are very large compared to the installed ca-
pacity, so costs are coming down rapidly. For instance,
the cost of solar PV modules has declined rapidly in re-
cent years driven by a learning rate of around 18% and a
seven-fold increase in installed capacity between 2005
and 2010. This means that cost projections for renew-
ables are not straightforward, as they depend heavily
on learning rates and global capacity additions, not just
capacity additions in Africa.

It is therefore vital to ensure that the model assump-
tions are based on the latest cost data available. For
example, using estimates from 12 months ago would
mean that evaluations would be based on wind tur-
bines costs one-third higher than they are today and
solar photovoltaic module costs almost twice as high
as today’s market price.

Costs for African projects tend to be higher than in oth-
er countries due to the need to import equipment, as
well as higher internal transportation costs and import
levies. There are often gaps in infrastructure, engineer-
ing and institutional capacity that can also raise costs.
However, where components can be constructed local-
ly, costs can be reduced significantly. For example this
is the case for hydropower dams and the foundations
and towers for wind turbines. However, when proj-
ects are located in remote areas, the cost of extending
transmission systems must be added.

Important economies of scale exist in power genera-
tion projects. Larger plants tend to be cheaper per
unit of capacity. Typically a size increase of one order
of magnitude reduces the unit capital cost by half, al-
though above a certain (sometimes low) threshold, this
does not always apply to renewable projects.

Equipment from OECD countries tends to be more
expensive than equipment imported from China and
India. The quality, energy vield and the operation and
maintenance costs of equipment may also vary signifi-
cantly. Given some of the capacity and skill gaps in the
operations and maintenance areas, there is an impor-
tant trade-off to be made.

Increasing the local content of renewable power
generation equipment

The drive to increase energy access in Africa has helped
accelerate the deployment of renewable energy sourc-
es. However, the need to import much of the renewable
power generation equipment required and the corre-
sponding high equipment costs are a barrier to more
rapid growth and local development opportunities.

Developing local manufacturing capabilities and in-
creasing the share of local content for renewable
power generation projects can help reduce costs and
contribute to economic development. Some African
countries are already taking the first steps towards cre-
ating economic value by promoting local equipment
manufacturing.

Egypt has already a wind turbine manufacturer and
is looking to develop further its local manufacturing
plants for CSP and wind. It is expected that the current
local content of the value chain will expand as knowl-
edge and expertise improves. In West Africa, Senegal
is working to strengthen the activities of SPEC is now
looking to meet the demand of neighbouring coun-
tries such as Mali, Guinea and Niger. Opportunities to
expand local content also exist in other countries such
as Algeria, where plans to manufacture solar PV equip-
ment in partnership with a German company could go
ahead as early as 2014.

Other opportunities for local content abound in ca-
bling, inverters, miscellaneous electrical components,
etc. There are also significant options for greater Afri-
can content in operations and maintenance, R&D, con-
struction and engineering services. These will be criti-
cal to the rapid growth of renewables in Africa, as well
as to their continued long-term operation.

Prospects for the African Power Sector
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A typical measure for cost comparison is the levelised
cost of electricity (LCOE). This excludes any subsidies
or taxes and treats all electricity as being equally valu-
able, be it supplied to meet baseload or peak load. It
accounts for grid connection, but not the cost of grid
integration (e.g. backup or storage capacity for vari-
able renewables). At the same time, the impact of ex-
ternalities is also excluded. LCOE is only one indicator
of electricity cost. Different cost measures or different
boundaries will yield different cost estimates.

Finance cost is also a key factor, given the capital-inten-
sive nature of renewables. The scenarios assume a 15%
(nominal) cost of financing for renewables although,
with high political risk and high inflation, it may be sig-
nificantly greater. However, concessional loans and risk
guarantees can help reduce the cost of capital, which
is often critical to the economic viability of renewable
energy projects in Africa.

The cost of working capital can also be significant and
can drive overall costs higher, particularly for large
projects that require substantial infrastructure works
and years of construction (e.g. hydropower dams). The
longer the time between initial start-up of the project
and completion, the higher the working capital cost.

As illustrated in Table 3, large hydropower has the
lowest production costs. This is followed by biomass
co-combustion (which has a more limited potential).

Prospects for the African Power Sector

However, this excludes the costs for grid connection,
transmission and distribution. If these are added, the
decentralised solutions are often as cost-competitive
as grid-connected renewables. The LCOE of solar PV
and CSP includes the cost of correcting for dust and
heat impacts on their performance, as well as for the
gradual degradation in equipment over time.

All options listed in Table 3 have costs below those of
diesel generators, but most options have costs some-
what higher than for coal- or gas-fired power plants.
However, this excludes any estimate of the costs as-
sociated with fossil-fuel price volatility, which has
been high over a number of years. Renewable genera-
tion technologies do not face these risks. The smaller,
modular nature of renewable solutions also has advan-
tages. For example, renewable projects are more easily
placed close to demand or to existing grid infrastruc-
ture, which reduces transmission costs and allows a
more flexible expansion of capacity ensuring that plant
does not run the risk of being under-utilised in the first
years of operation. Another major advantage is that
these smaller projects can be fully- or part-funded by
households or small communities. Where utilities are
constrained by lack of capital, this may be the only fea-
sible way to ensure the expansion of a reliable power
supply. Decentralised renewable projects can also be
instrumental in reducing the risk of power outages and
so help improve security of supply.

b




TaBLE 3: TyricAL LCOE OF RENEWABLE POWER GENERATION TECHNOLOGIES IN GOOD AFRICAN CONDITIONS, 2010

Capacity Electricity | Transmission and

(USD/KW) (USD/GJ) (Ui\;/ehr;ts/ (US cents/kWh)
Solar PV grid connected ) ) i
(85%PR) 3,000-4,000 0.2 24-37 3-7
Solar PV no battery 3,500-4,500 0.2 30-47
Solar PV with battery
(2.4 KWh/KW)? 5,000-6,000 0.2 45-65
CSP grid connected no . ) i i
storage (90% PR) 5,500 0.3-04 35-47 3-7
CSP grid connected 8 hrs
storage (90% PR) 8,500 0.5-0.7 31-43 3-7
Large hydropower ) i i
(above 10 MW) 1,000-2,000 0.5 45-9 3-7
Small hydropower ) } i
(0.1t0 10 MW) 2,000-4,000 0.5 9-18 1-2
Pico hydropower i )
Below 0.1 MW 4,000-8,000 05 18-36 1
Onshore wind (2 MW) 1,7504 0.25-0.40 10-16 3-7
Onshore wind (0.2 MW) 3,000 0.2-0.25 27-34 3-7
Biomass (bagasse boiler) 2,500 0.5 0.5-3 12-15 3-7
Biomass co-combustion 1250 075 15 59 3.7
in coal-fired power plant ' '
Geothermal (high quality 5 0005 08 1 3.7

resource)

' Assumes 15% annuity plus 5% O&M. Excludes inflation and taxes/subsidies.

2 Given a 20% capacity factor, a 1 kW panel produces 1,740 kWh. If half of the electricity is stored, evenly divided over the days of the year, 2.4
kWh of daily storage is needed. If battery discharge is limited to 25%, 10 kWh of battery storage capacity is needed. For deep-cycling lead acid
batteries this costs USD 1,500.

3 This compares to the USD 6,000/kW cost for 100 MW Shams-1 plant in Abu Dhabi.

4 This compares to the USD 3,750/kW for the 100 MW Cape Town wind park project in South Africa and USD 2,175/kW for the 300 MW Turkana
wind park project in Kenya. This includes all project costs (AFD, 20171).

> This compares to the USD 7.000/kW cost for 185 MW Olkaria expansion project in Kenya (AFD, 2011).

Source: IRENA, 2011b and IRENA analysis.
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Table 4 provides an overview of the capital cost pro-
jections for the period 2010-2050. Significant cost re-
ductions are foreseen that will make renewables more
competitive than they are today. Deployment policies
will add more capacity and accelerate these cost re-
ductions through learning effects. The lower end of the
price range accounts for supportive policies in Africa
and worldwide, while the upper end assumes that Af-
rica only benefits from learning effects in other parts of
the world. African governments can also help to reduce
costs and promote local economic development by

implementing a policy environment that fosters a com-
petitive local industry for equipment supply and for
the production of basic materials commodities that will
be used in renewable power generation technologies.
Costs may be higher than indicated in Table 4 where
significant transportation costs for equipment are nec-
essary, such as in landlocked countries. On the other
hand recent price data for wind turbines in China sug-
gest that for this technology the cost reduction could
be even bigger than indicated in the table.

TABLE 4: RENEWABLE CAPITAL COST PROJECTIONS BY TECHNOLOGY, 2010 10 2050

(UsD/kwh | 2010 | 2015 | 2030 | 2050

Solar PV (utility-scale) 3%%%’ 2850-3000  2200-2450  1800-2100
5,000-
Solar PV (home system) 6.000 4,500-5,700 3,600-4,100 2,200-3,500
Solar CSP 8500  6,000-6500 4200-5100  3,000-4,400
(with 8 hr storage)
Wind (2 MW turbine) 1,750 1,700-1,800 1,400-1,700 1,100-1,300
Biogas engine
2,000 1,800 1,500-1,700 1,200-1,500
(incl digestion)
Biomass gasification 2,000 1,800 1,500-1,700 1,200-1,500
Biomass co-combustion 1,250 1,250 1,250 1,250
Hydro 3,000 2,700-2,900  2,300-2,800 2,000-2,700
Geothermal 4,000 3,600-3,900  3,000-3,250 2,400-3,000

Note: Figures do not account for equipment transportation costs to remote locations

in landlocked countries or for import tariffs.

2. Status and outlook for
kKey renewdple power

OpToNS

Table 5 provides an overview of existing renewable power generation capacities and the new capacity additions
that occurred in 2010. Hydropower clearly dominates, both in terms of cumulative installed capacity and in terms
of capacity additions. However, significant future growth is foreseen for wind and solar. Shorter lead times for solar
(particularly PV) and wind projects also mean that capacity additions can be ramped up very quickly if the right

policies are in place.
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TABLE 5: EXISTING CAPACITY AND CAPACITY EXPANSIONS IN AFRICA, 2010

Existing capacity Capacity additions
(GW) (GW)

Hydropower 235 25
Wind 0.77 0.21
Biomass bagasse 0.85 n/a
Geothermal 0.04
Solar-PV n/a
Solar-CSP 0.064 =
Total 25.62 2.7

Source: GWEC, 2011; Sun and Wind Energy, 2011

2.1. Hydropower

Total hydropower capacity in Africa in early 2011 was
around 26 GW (Platts, 2011). The untapped potential
for large projects is mainly concentrated in the lower
Congo River and the upper Nile. The total remain-
ing technical hydropower potential is estimated to be
around 1,844 TWh, which is 18 times higher than hydro-
power generation in 2009. About half of this potential
would be economic under current economic conditions
(100-150 GW). Hydropower can be divided into large
hydropower (>10 MW) and small hydropower (<10
MW).2 A further split is possible into dam-based (with
water storage ) and run-of-river projects (without wa-
ter storage ).

he Grand Inga project in the lower Congo has a po-
tential of around 44 GW, with just 1,775 MW currently
installed. The potential on the upper Nile River is also
very large, with a potential of 30 GW in Ethiopia alone.
Further potential exists in the other tributaries of the
Congo (6 GW in Gabon) and the Niger (10 GW in Ni-
geria), as well as in Angola (18 GW) and Mozambique
(12 GW). Small hydropower potential can be found in
many hilly locations in West, Central, East and southern
Africa. The economic potential of hydropower is much
smaller than the technical potential, but is still enough
to allow hydropower to provide a significant share of
total African power demand. The dam-based hydro-
power potential will, through its electricity storage po-
tential, also play a vital role in facilitating the growth
in other variable renewables such as wind and solar. In
addition, pumped hydro could be used as an option for
electricity storage.

?Small hydropower systems less than 0.1 MW are sometimes referred
to as “pico hydropower” systems.

10/t js also possible for dam-based systems to have very little storage,
with the possibility of shifting flows only over several hours.

"The Grand Inga falls have a flow of 26,400 cubic metres per second.
The fall height is 102 metres (m) and the water head height is 150 m.

Large hydro

The Grand Inga series of projects is a proposed series
of hydroelectric dams on the Congo River at the Inga
Falls in the Democratic Republic of the Congo (DRC). ™
If completed it could be the largest hydropower project
in the world. The first phase, Inga I, was commissioned
in 1972 and involved the construction of three power
stations in the Nkokolo valley with a total capacity of
351 MW from six turbines. Inga I, with a total capacity
of 1,424 MW from eight turbines, was commissioned in
1982. However, due to lack of maintenance these exist-
ing plants are currently operating at a capacity of just
875 MW (Le Monde diplomatique, 2011). Repairs and
infrastructure enhancements are ongoing, funded by
the World Bank (WB) and the African Development
Bank (AfDB). However, progress is slow and the reno-
vation of 10 turbines at Inga | and Il has twice had to be
postponed as the WB has been unable to find sufficient
funds. The renovation of all the Inga turbines, originally
scheduled for 2012, may now not be completed until
after 2076.

The Inga Ill dam has a proposed total capacity of 3.5
to 5 GW from 16 turbines and is at the project design
phase, but if completed would become the biggest hy-
dropower project in Africa and the fifth-largest in the
world. High voltage lines will transmit the power gener-
ated to Zambia, Zimbabwe, the Republic of South Af-
rica and the Republic of Congo (Brazzaville). The Inga
[l dam could cost USD 8 to USD 10 billion (USD 1,300 to
USD 2,000/kW) although it faces some tough techni-
cal choices and the engineers are still trying to decide
on the optimal design (Reuters, 2011).
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The proposed Grand Inga dam is at the feasibility as-
sessment stage, but current plans are for a generating
capacity of 39 GW from 52 turbines of 750 MW capac-
ity. This is would make it significantly larger than the
Three Gorges Dam, which is currently the largest en-
ergy-generating project ever built. The project would
cost as much as USD 80 billion to complete (assuming
USD 2,000/kW)= and would supply more electricity
than the DRC could use, and significant amounts of
electricity could be exported. To complete Inga lll by
2020 and the first phase of the Grand Inga projects by
2025 (initial capacity 6 GW, rising to a potential 44GW),
the Congolese government needs to raise USD 22.1bn.
DRC and South Africa have recently signed a Memo-
randum of Understanding establishing a partnership
between the two countries for the phased develop-
ment if Grand Inga.

The Grand Inga hydropower projects offer enormous
opportunities for Africa. The scale and stability of flow
of the Congo River make it one of the world’s most fa-
vourable hydropower sites. The number of people cur-
rently living in the project area is remarkably low. There
are also many possibilities for associated development,
particularly the use of the water for irrigation. At the
same time, if the projects can meet sustainability ob-
jectives, their stepwise development offers an excellent
opportunity for Africa to acquire and retain the hydro-
power expertise it currently lacks.

The second largest hydropower potential is on the Nile
River, with 30 GW of hydropower potential in Ethiopia
alone. However planning is much more complicated
because of downstream water scarcity. The Nile is the
only large freshwater source for Egypt and the Sudan
and upstream Nile countries have recently unilaterally
re-written a Nile water-sharing contract dating back al-
most a century and giving Egypt the right to the lion’s
share of the Nile river water. * This is a potential source
of conflict and the value of hydropower energy plays an
important role in driving this dispute.

In February 2010 Ethiopia inaugurated a USD 360 mil-
lion, 300 MW (four 75 MW Francis turbines) Tekeze
project that was built with Chinese help. It has the tall-
estarch damin Africa at 188 m, used a double curvature
concrete arch design to minimise the amount of con-
crete needed, and created a reservoir 70 km in length.
A 230 kilovolt (kV) double-circuit transmission line 105
km long was constructed through mountainous terrain
to connect the project to the Ethiopian national grid.

Ethiopia has decided to finance its largest hydropower
development to date, the 5.25 GW Millennium Hydro
Power Project, on its own. The dam will be built in the
lower catchment of the Nile River basin and will cost
about USD 1000/kW, or USD 5.25 billion.

In addition to this project, the state-run Ethiopian Elec-
tric Power Corporation (EEPCo) is building, or has plans
to build, at least five other hydropower projects in the
country. The Gezhouba Group Company and Sinohydro
Corporation have agreed to build two of these hydro-
power projects: the USD 408 million Genale Dawa IlI
hydropower project and the USD 555 million Chemoga
Yeda hydropower project.

Animportant prerequisite for these ambitious develop-
ments has been the creation of the Addis Ababa-based
East African Power Pool (EAPP), whose main aim is to
build shared grid interconnections to enable the flow of
power from areas of abundance to deficit areas.

Small hydro

Small hydropower installations account for around 10%
of total global hydropower potential. Multi-purpose
schemes combine electricity production with other
water uses such as irrigation, flood control, recreation
and drinking water supply. While such schemes can be
more complex, they can also help make projects eco-
nomically viable and acceptable to local communities.

Africa has 588 small hydropower plants of less than
10 MW in operation (Platts, 2011) with an average
size of 2.5 MW (a total of around 1.5 GW). Significant

2 A pre-feasibility study by Aecom and Electricite de France (EDF) is expected by the end of 2011.

B Egypt’s control of the Nile waters began in 1929 with a colonial-era treaty with Britain. The subsequent 1959 deal with Sudan gave the two
downstream countries more than 80% control of Nile waters. A reduction in the Nile water flow will hasten the date when population growth will
outstrip water resources, now projected to be as early as 2017. Under the original deal, Egypt is entitled to 55.5 billion cubic metres of water a year,
the majority of the Nile’s total flow of around 84 billion cubic metres.
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hydropower potential remains in Africa, with around
4.7 GW of potential in 13 West African countries where
surveys have been conducted (Table 6). The cost of
small hydropower in Africa varies widely although on
average project costs in Africa are high. For example,
they are about twice as expensive as projects in China
because of the high materials and transportation costs
for equipment.

Generally, the smaller the installation, the higher the
specific investment cost. The cost of four small hy-
dropower projects in Rwanda (two 100 kW and two
200 kW turbine projects) was in the range of USD
2,300 to USD 3,000/kW (UNIDO, 2010a and 2010b).
This includes transmission and distribution and an
awareness programme. Other bilateral projects have
cost USD 4,000/kW for small hydro and as much as
USD 7,000/kW for pico hydro (small hydropower sys-
tems less than 0.1 MW). Some hydropower projects
are based on man-made lakes that require a dam, oth-
ers are run of river systems. Whether a dam is needed
or not makes a big difference to costs and depends
on the water flow fluctuations. However, a dam can
make economic sense where water storage enables

irrigation in the dry season. These factors are very site-
specific and need to be evaluated on a project-by-proj-
ect basis. In terms of the cost breakdown a typical Eu-
ropean project requires about 60% of total investment
cost for the hydro-technical construction, 25% for the
turbines, 5% for the buildings, 10% for electrical equip-
ment and 0.5% for exploitation (EREC, 2010).

Micro hydropower generally refers to plant below 1MW
and is ideally suited to the development of mini-grids.
The key to these community-scale projects is creat-
ing the correct enabling environment, rather than re-
lying only on subsidies for the investment costs. Poli-
cies need to be in place to allow access to resources
and any required licences, as well as access to long-
term financing and loan guarantees. Complementary
policies to develop and retain a competent operations
and maintenance capacity are critical to ensuring the
long-term performance of these small-scale projects.
However, due to the remote areas and the limited fi-
nancial resources of the communities where electrifi-
cation is achieved by micro hydropower, at least some
public support for the initial investments will be needed
(GTZ, 2010).

TABLE 6: IDENTIFIED SMALL HYDROPOWER POTENTIAL IN WEST AFRICA

Remaining
capacity
(MW)

Installed
(MW)

Potential
(MW)

Country

Mini hydro <IMW: 83 sites

Benin 1,045 0 1,045 85 47 MW
Burkina Faso 139 0 139 70 None have been developed
Ghana 8 0 8 69 Mini hydro <1 MW only
Liberia 1,000 0 1,000 40
Mali 15 03 15 5 Nine sites have been properly
surveyed
Niger 273 0 273 7 Old studies
Nigeria 724 793 274 Based on a partial survey of
the country
?Bai:;glua’g:i:l:aa- All are international devel-
AR 1140 0 1140 9 opment projects. Includes
Mali, Mauritania .
projects >10 MW
and Senegal
Total hydro potential 1 GW.
Sierra Leone 38 0 38 6 Refers only to sites below
10 MW size
Togo 224 0 224 29 :/I|\|4n\|N hydro <1 MW: 33 sites

Source: ECREEE; UNIDO, 2010s.

Prospects for the African Power Sector 25



26

The United Nations Industrial Development Organisa-
tion (UNIDO) has a programme on small hydro that
highlights some of the challenges with small-scale
hydropower in Africa. For instance, only a small pro-
portion of the plants that have been installed is still
operational today. Maintaining adequate operation
and maintenance regimes is clearly a challenge, partly
because trained operators often leave for better-paid
jobs. Another problem is that community-based sys-
tems often run into problems collecting the revenues
needed for maintenance (UNIDO, 2010b).

2.2. Wind

Total installed wind capacity in Africa amounted to 0.9
to 1 GW in 2010 (0.5% of global capacity) (GWEC 20T11;
WWEA, 2011). Egypt has the largest installed capacity
(550 MW), followed by Morocco (286 MW) and Tunisia
(114 MW). These three countries account for 98% of Af-
rica’s total installed capacity. Cape Verde has 26 MW in-
stalled. Of the 213 MW added in 2009, 95% was added
in the three countries mentioned which have ambitious
plans to continue recent growth. Egypt aims to install
more than 7 GW of wind power by 2020, while Morocco
has a target of 1.44 GW by 2015 and 2 GW by 2020.

South Africa could become the leader in wind energy in
southern Africa as a result of the introduction of a bid-
ding system. In December 2011 South Africa approved
28 bids for a renewable-energy tender, including 634
MW for wind developments, from 8 MW installed ca-
pacity in 2010. The government is holding five tenders
to allocate an additional 2,209 MW renewable capac-
ity over the next two years that will include more wind
projects. In addition Eskom is developing two 100 MW
wind projects. The integrated resource plan calls for 8.4
GW wind power capacity by 2030.

Wind resources in Africa are very large, but they are
not evenly distributed geographically. Initial analysis by
IRENA suggests that the total technical potential could
be 3,800 TWh (Table 1), equivalent to approximately
1,750 GW. However, 87% of high quality resources are
located in the northern, eastern and southern coastal
zones. In these areas the wind resource is world-class
and wind will probably be the cheapest renewable
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power generation technology, if there are no large
hydro resources nearby.

One of the key challenges in Africa for the large-scale
development of wind will be operations and mainte-
nance. Revenue streams for operations and mainte-
nance must be available and local expertise must be
developed and retained. This is also true for hydro, but
critical for wind, given the higher maintenance regimes
required compared to hydro and some other renewable
power generation technologies.

The wide distribution of wind resources ensures that it
will also have an important role in rural electrification.
Special policy attention should therefore be given to
small-scale and hybrid wind systems for rural electrifi-
cation so that hundreds of millions of Africans in areas
without electricity will eventually benefit from modern
electricity services.

2.3. Solar

Solar photovoltaic (PV) and concentrated solar power
(CSP) are two very different technologies. Solar PV ac-
counts for more than 95% of the solar power generation
market while CSP accounts for less than 5%. Around
90% of the PV market is accounted for by residential
rooftop systems. Africa has one utility-scale PV plant at
this time (7.5 MW in Cape Verde) and the total installed
PV capacity in Africa is not known with any certainty,
but thought to be in the order of 160 MW (EPIA/Green-
peace, 2011). However, although installed capacity in
Africa is currently low, the potential for growth is good
given that PV panels are a very good solution for the
off-grid market. The use of PV for off-grid electrification
will be where most growth can be expected.

The potential of PV and, to a lesser extent, CSP in Africa
is very large. The technical potential for solar PV could
be as high as 6,567 TWh and that of CSP 4,719 TWh.
The solar PV resource is more evenly distributed, while
the CSP potential is concentrated in the desert areas of
the north, east and south.

PV and CSP compete to some extent for utility-scale
applications. However, the two technologies are very



TaBLE 7: CoMPARISON OF CSP AND UTILITY-SCALE PV

v

>15 GW/yr
Good match for peak load (air conditioning)

Annual capacity additions
Generation timing

Energy storage

Solar resource

Cost-reduction potential

Water requirements

Project size

Residual heat None

With solar thermal for domestic
hot water

Hybridisation

Electricity storage is costly

Sunny conditions

Very large, continues along
learning curve

No cooling water needed

Modular (from 1 kW to <25 MW
in general)

csp
<1 GW/yr

Thermal storage is possible, small
impact on LCOE

Only in desert climates (dry air
required)
Significant, but no learning curve
available yet

Needs cooling water (or costs go
up for air cooling)

Bulky projects (>50 MW) with
lower transaction costs

Can be used for desalination

Can be combined with gas
(integrated solar combined cycle)

Manufacturing requires specialised

Local manufacturing

production facilities, better

Up to 60% local content

opportunities for BoP

Location
Economies of scale

Note: BoP = balance of plant.

different in some respects and it is likely that they will
coexist (Table 7) since they have the potential to com-
plement one another.

Policy support for PV remains limited in Africa, partly
due to high investment costs. However, PV can com-
pete on an equal footing for off-grid applications and,
with battery storage, to replace diesel generators and
provide back-up power supply where the grid supply
is unreliable. Onerous administrative procedures and

Anywhere

Modular; limited economies of
scale >10 MW

Flat land needed, except for dishes

Significant economies of scale up
to 200 MW

complicated grid-connection requirements can be an
impediment for utility-scale projects (EPIA/Green-
peace, 2011). However, with the right policies and con-
tinued rapid cost reductions, PV could play a very large
role in Africa’s energy supply by 2030, with estimates
of between 15 GW and 62 GW of solar PV by 2030 in
Africa (EPIA/Greenpeace, 2010).

CSP development of is only just beginning. So far the
emphasis in Africa has been on gas plants with solar
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TaBLE 8: ExisTING AND PLANNED CSP proJECTS IN AFRICA, 2010

! Existing Planned
Country, project and promoter (MW) (MW)

Morocco (ISCC)

Egypt (Kuraymat ISCC)

Algeria (Hassi M Rel Thermosolar)
Sudan (ISCC, Euromed)

Sudan (Fresnel, Euromed)

South Africa (Solar tower, Eskoms)
Algeria (AlSol)

Source: Sun & Wind Energy, 2011.

assistance, commonly referred to as integrated so-
lar combined cycles (ISCC) (Table 8). However, this is
changing and recent attention has focussed on dedi-
cated concentrated solar plant. Desert locations are
ideal for CSP plants, because they require dry air and
direct solar light.

In addition to the specific projects in Table 8, some
countries have laid out ambitious long-term goals to
increase CSP capacity. Egypt has plans for a 140 MW
CSP plant in Kuraymat. Tunisia has plans to develop 40
solar power projects between 2010 and 2016. Morocco
has earmarked USD 9 bn for the development of 2 GW
of CSP by 2020. Algeria is planning to supply 10% of its
electricity from solar by 2025 (IRENA, 2011a).

An even more ambitious long-term goal for renewables
is that proposed by the DESERTEC Industrial Initiative
(DI, a German-led industry initiative that includes 12
European companies and was launched in 2009, and
various similar plans under French or European aegis.
The DESERTEC vision is to import 15% of EU electricity
by 2050 from 100 GW of renewable capacity located
in North Africa via high-voltage direct current (HVDC)
undersea lines to Europe. This capacity is two-thirds of
total African power production capacity today. The ca-
pacity would be primarily solar (PV and CSP), but also
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with significant wind. The investment volume would be
in the order of USD 540 bn. The first stage of the proj-
ect is anticipated to start in 2012 with the construction
of a 500 MW CSP plant in Morocco costing USD 2.8 bn
(The Guardian, 2010).

In the longer-term, the combination of solar energy
with desalination in North Africa could become par-
ticularly interesting. With current trends of rapidly-
growing populations and continuing pressure on water
resources, desalination needs will increase very rapidly
in North Africa. Desalination accounted for about 0.3%
of global electricity demand in 2005 and accounted for
5% of the world desalination capacity (around 500 mil-
lion m* per year) was in North Africa. Desalination in
this region could grow 20-fold by 2030, especially as
Egypt reaches its maximum drawdown of Nile water.
The electricity needed to meet the need for desalina-
tion in 2030 would be in the order of 70 TWh, which
would equal around 15% of the total Reference Scenar-
io electricity demand in the region. Both PV and CSP
can be used for desalination (thermal and osmosis pro-
cesses, respectively). Desalination is an ideal use of re-
newables, because intermittency is not a problem due
to the fact that water can be stored easily and
relatively cheaply.



2.4. Geothermal

The use of geothermal energy for electricity genera-
tion is a renewable, cost-effective, reliable, baseload
technology. The contribution of geothermal to Africa’s
electricity generation is currently modest, with around
210 MW of installed capacity. However, excellent geo-
thermal resources exist in the East African Rift system
and the potential is large, particularly in Kenya and Ethi-
opia. However, there are technical challenges in some
areas such as Djibouti, where the high corrosiveness of
the geothermal fluid is an issue.

Africa’s geothermal resources are not evenly distrib-
uted and most of the potential lies in East Africa. The
total geothermal energy potential in the East African
Rift Valley is estimated to be between 7 GW to 15 GW,
but could possibly be more (AUGRP, 2010)."* The total
technical electricity generation potential for Africa is
88 TWh, all of which is located in East Africa (Table 1).

The 4,000 km long and on average 60 km wide East
African Rift System is the largest crack in the continen-
tal crust of the Earth and consists of two branches (Fig-
ure 5). The eastern branch extends from the southern
end of the Red Sea (the Afar triangle) to Tanzania. The
western branch extends from Uganda to Mozambique.
Volcanic activity is most intense in the eastern branch,
giving Ethiopia and Kenya highly promising geothermal
resources.

Hydrothermal systems in volcanically active regions
along plate boundaries can have fluid temperatures
above 200°C. The direct use of the produced steam
for power generation is possible. The key factors that
influence the design of a geothermal power generation
project are:

reservoir temperature;

flow rate, which depends on the permeability of
the rock; and

chemical composition of the fluids/steam.

Due to the modular nature of geothermal power plants,
projects can be planned in stages, thus reducing work-
ing capital requirements and facilitating the develop-
ment of geothermal expertise and development capac-
ity in a region. Investment in geothermal power plants
is often economic, especially where the resource is of
high quality and stable regulatory frameworks and fi-
nancial incentives exist.

Although there are extensive geothermal resources in
the East Africa Rift region, only Kenya has started to
exploit their potential on any scale. Currently, the Ke-
nya Electricity Generating Company Limited (KenGen)
and ORMAT, an independent power producer, together
produce a total of about 205 MW (Simiyu, 2010 and
KenGen, 2011), primarily at the Olkaria geothermal field.
Geothermal power plants account for about one-fifth
of Kenya’s total electricity generation capacity (RoK,
201). A further 320 MW is planned or under construc-
tion (Simiyu, 2010), while by 2018 KenGen expects to
add 1,500 MW of geothermal power to its current port-
folio (Simiyu, 2010) and by 2050 a total of as much as
5,000 MW (Steam, 2011).

Indian
Ocean

East
African
Rift
System

Ficure 5: East AFRICAN RIFT System (Kramt, 2008)

“ The East African Rift valley encompasses 12 countries. Burund,
Comoros, Djibouti, Democratic Republic of Congo, Eritrea, Ethiopia, Ke-
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TABLE Q: EXISTING AND PLANNED GEOTHERMAL POWER GENERATION PLANT IN KENYA, 2011

Current capacity

Power plant (MW)

Olkaria l
Olkaria Il
Olkaria lll
Olkaria IV

Oserian 4

Eburru pilot 25

Menengai
Bogoria-Silali

Sources: Simiyu, 2010 and KenGen, 2011.

Menengai will be the next geothermal field in Kenya to
be developed. The Geothermal Development Company
(GDCQC), established by the Government of Kenya (GoK)
to develop geothermal resources, has completed drill-
ing two wells, with two others underway. A three-stage
project could see three 140 MW plants built at this field.

The GDC is also assessing the Bogoria-Silali geother-
mal prospect and plans to develop 2 GW of geother-
mal power generation capacity in four phases. The first
phase would involve the construction of eight 100 MW
plants. The total cost of the project is about USD 3.2
bn (USD 4,000/kW) including feasibility studies, rig
procurement, infrastructure development, drilling test
wells, well testing, development of the steam collection
system, drilling the production wells and purchase of
the power generation units. Half of the investment cost
is for the power plant, the other half for the wells and
the steam field (RoK, 2011).

A total of six drilling rigs will be needed to complete
200 wells for the Bogoria-Silali development, and the
GoK has already bought two. The African Development
Fund (ADF) will fund another two to be supplied by the
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Under construction/
planned
(MW)

Number of units

50
140 (2 x 70)
2
1
420 (3 x 140)
800 (8 x100)

end of 2011, and the ADF will provide funding to buy the
last two. This strategy is cheaper that hiring rigs in the
international market, as strongly fluctuating prices for
oil and gas rigs often do not reflect costs, but the scar-
city of rigs. Kenya has acquired the necessary skills in
drilling and operation geothermal plant and Kenyan ex-
perts are now also providing training to other countries.

Kenya’s peak power demand stands at about 1.2 GW
and is projected to increase more than ten-fold to
17 GW by 2030. Kenya aims to install 1.6 GW of geo-
thermal capacity by 2020 and 5 GW by 2030 (RoK,
2011). This would represent a third of the projected
installed capacity by 2030. These plans will make Ke-
nya the leading African country for geothermal power
development.

Another key country in the geothermal context is Ethi-
opia where the proven potential is around 0.7 GW, all
of which is located in the Ethiopian Rift area. However,
the actual potential may be much larger if the region
stretching from the south-east to the north-west of
the country is included (Wolde-Ghiorgis, undated). In-
stalled capacity is just 4 MW, but this could grow. The



Tendaho geothermal site (Afar Triangle) is currently in
the final stages of a pre-feasibility assessment and fu-
ture development of this site is envisaged.

Tapping the geothermal potential in the East African
Rift could significantly contribute to the improvement
of local livelihoods in the countries involved, as well as
help with industrial and socio-economic development.
Unlocking these resources is a task for governments,
the private sector and the international community.

KfW, the German Development Bank, recently launched
the Geothermal East Africa Initiative (GEAI), which pro-
vides a risk mitigation fund for geothermal develop-
ments to the private and public sector. The GEAI en-
courages drilling operations and rewards developers
with grants and soft loans. The fund is politically and
technically closely linked to the Department of Infra-
structure and Energy of the African Union Commission
in Addis Ababa, Ethiopia. The German development
corporation financially supports the Geothermal Fa-
cility with EUR 20 million (@bout USD 27 million), the
EU Infrastructure Trust Fund has expressed interest in
topping up the fund with an additional EUR 30 million
(about USD 40 million).

The UNEP and WB will also encourage geothermal de-
velopment with the African Rift Geothermal Develop-
ment Programme (ARGeo), which will target the East
African countries of Djibouti, Eritrea, Ethiopia, Kenya,
Tanzania and Uganda (AUGRP, 2010). The technical as-
sistance component (provided by UNEP) was launched
in early 2011 and includes geo-scientific investigations,
the promotion of public-private partnerships, aware-
ness raising and dialogue. The WB will assist private
investors in exploratory drilling operations through
a risk mitigation fund (funds of USD 17.75 million
are available).

The key to attracting private investors at an early stage
is to have a facility to cover the development risk, par-
ticularly with regard to wells that are dry, or perform
poorly compared to the indications given by appraisal
wells (necessitating additional production wells). The
risk guarantee schemes established by KfW and the
WB will help overcome these barriers, while the UNEP
technical assistance programme will help improve geo-
thermal appraisal and therefore also reduce risks.

In addition to these international donor efforts, East
African countries are looking to work together to help

develop their geothermal resources. The declaration
on geothermal energy issued at the regional meeting
in Addis Ababa on June 10, 2009 recommended that:

The African Union Commission (AUC) launches
a joint regional programme that will engage in
the promotion, exploration, development and
utilisation of the geothermal energy resource of
these signatory countries.

The AUC establish a “Geothermal Energy Devel-
opment Agency” with the task of supporting the
above activities.

The AUC convenes a permanent Regional Fo-
rum with the participation of these countries in
order to institutionalise their involvement in the
activities of the proposed Agency.

2.5. Bioenergy

Bioenergy is an important source of renewable power
in the world today. The combustion of pulp industry
residues (black liquor) and sugar cane bagasse are an
important source of electricity and are often very eco-
nomic sources of power. Bagasse is the most impor-
tant source of bioenergy power in Africa, accounting
for 94% of the 860 MW of installed bioenergy power
generation capacity in 2011. The technical potential for
the use of bioenergy for power generation is estimated
to be 2,631 TWh, with 60% of this potential in Central
Africa.

The expansion of generation from bagasse will de-
pend on trends in the sugar cane industry, but the
use of other agricultural wastes will often also be eco-
nomically attractive. An emerging trend in developed
countries is the co-combustion of biomass in coal-fired
power plants. This technology could be relevant in
South Africa. However, the drivers for co-combustion
in developed countries - waste management and cli-
mate change policies - are less relevant in the African
context, unless some future mechanism (post-CDM) is
developed to incentivise its use. However, lower bioen-
ergy feedstock costs in Africa compared to other world
regions could act in favour of this option. Given current
levels of coal use, 5 GW co-firing would be feasible.

Biogas and landfill gas are widely used for power gen-
eration in many parts of the world, but not in Africa,
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where only 4 MW biogas capacity is identified. This op-
tion deserves more attention, especially for remote lo-
cations. However, the availability of sufficient quantities
of feedstock to make biogas production attractive is
an issue, given that large-scale farming is still relatively
rare in Africa.

Biomass gasification is successfully applied in India and
rice-husk gasification is a widely deployed technol-
ogy. To produce electricity, piles of rice husk are fed
into small biomass gasifiers, and the gas produced is
used to fuel internal combustion engines. The opera-
tion’s by-product is rice-husk ash, which can be sold for
use in concrete. Several equipment suppliers are active
and one, Husk Power Systems (HPS), has installed 60
mini power plants that power around 25,000 house-
holds in more than 250 communities. These systems
have low investment costs (USD 1,000 to USD 1,500/
kW) and have overall efficiencies of 7% to 14%, but are
labour-intensive in maintenance and operation. One
of the keys to their success has been the recruitment
of reliable people with a vested interest in the ongoing
operation of the plant.

The International Finance Corporation (IFC), the pri-
vate sector arm of the WB, has formed a partnership
with HPS and is looking to expand into Kenya and Ni-
geria. IFC will provide an investment grant of up to 29%
of the capital cost for biogas power generation proj-
ects, with the balance to be met by commercial loans.
GIZ (Germany) is also focussing on the promotion of
biomass gasification for combined heat and power
(CHP) generation in decentralised settings as an eco-
nomic alternative to grid extension in remote areas of
Benin. The potential is large, with 766 MW of capac-
ity possible from agricultural waste in Benin alone.
GIZ plans to install one or two small pilot units of be-
tween 25 kW and 100 kW in a low-voltage mini grid to
gain experience.

The critical factors for these gasification systems are
the reliability of the gasifier and the cost of the biomass
supply. While feedstock may be free when the first plant
begins operating, prices can quickly rise if the technol-
ogy takes off and competition for feedstock arises. This
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often places a limit on the potential of waste-based
power generation.

For wet biomass, anaerobic digestion is a better option
than gasification. A kilo of cow dung can produce 30
litres of biogas, so 30 cows produce the equivalent of
a kilo of LPG every day'®. This biogas can then be used
for cooking or power generation and can soon become
an important power source. For instance, Germany de-
rived around 3% of its total power generation from bio-
gas engines in 2010, with a feed-in tariff of USD 0.11 to
USD 0.13/kWh.

Senegal, Mauritania and Burkina Faso are looking into
biogas for power generation while interest is also in-
creasing in East Africa and in southern Africa. Esti-
mates suggest that South Africa could generate 5% of
its electricity from biogas (Pretorius, 2011). The major
obstacle for households or villages is the high initial
cost. To overcome this barrier, Senegal has introduced
a National Biogas Programme that strives to implement
subsidies, ranging between 35% and 50% of the initial
cost, to help produce electricity from biogas. In Kenya,
biogas has been tried for half a century, without much
success. Operation and maintenance challenges are
the main problem (ETC, 2007). With biogas from ani-
mal effluent, the number of animals needed for power
generation at any scale poses a challenge under most
African conditions and, as a result, large-scale power
generation from biogas only makes economic sense on
large farms or in community-wide systems.

2.6. Power pools, interconnectors and
systems infegration

The cost of power generation technology generally
represents only part of the total cost of providing elec-
tricity. If a centralised grid is used, transmission and dis-
tribution can add significantly to the total supply cost.
As the share of variable renewables connected to the
grid rises, it also becomes important to consider the
impact on grid stability and reliability. Much depends
on the network and the power generation system, but

5 This compares to 16% to 19% for wood fuel gasification systems in
combination with Otto cycle engines

6 In terms of energy equivalent, one cubic metre of biogas equates to
1.5 kWh of energy



local stability issues can arise when renewables ac-
count for as little as 10% of total generation.

Diversification of renewable resources, spreading their
location over different climate zones, grid interconnec-
tions with neighbouring countries, electricity storage
(e.g. pumped hydro storage) and backup capacity (typ-
ically gas turbines) can all play an important role in en-
suring grid stability. Typically the cost for such system
integration, once it becomes necessary, adds USD 0.01
to USD 0.02/kWh to the real cost of variable renewable
electricity. However, the actual costs vary significantly
depending on the specific situation. It is also possible
that in certain circumstances renewables can help re-
duce grid costs and improve stability. For instance,
the ability to economically place modular amounts of
small capacity in areas where the local distribution or
transmission grids are at times heavily constrained can
help improve grid stability at very low cost compared
to other options.

There is a range of concrete developments in place to
create new interconnections and significant interest has
been shown in improving current grid interconnection
in Africa in order to provide security of supply and fa-
cilitate the development of large electricity generation
projects. The southern African Power Pool (SAPP) is an
effort by the national electricity companies of 12 coun-
tries in Southern Africa to improve cooperation through
grid connection. Similarly, the Economic Community
of West African States (ECOWAS) West Africa Power
Pool (ECOWAPP) includes all the ECOWAS countries.
The Central African Power Pool includes 11 utilities and
is a specialised body of the Economic Community of
Central African States (ECCAS). The Arab Maghreb
Union has a set of interconnections, with relatively low
capacities, that connect the countries of North Africa.
However, at present, these power pools are not con-
nected to one another.

The East African Power Pool (EAPP) should be opera-
tional by the end of 2011 and will allow interconnected
member countries to share power to avoid or ease
shortages. Seven East African countries - Burundi, DR
Congo, Egypt, Ethiopia, Kenya, Rwanda and Sudan

- are currently members and Tanzania, Uganda, Dji-
bouti and Libya have been invited to join. The “Zambia-
Tanzania-Kenya” interconnector is a separate, USD 860
million plan to transfer electricity from Zambia to Ke-
nya through Tanzania.

Obvious interconnectors that could enhance renewable
energy access would link the Grand Inga hydropower
project with South Africa and/or Nigeria. At the same
time, the connection of the wind potential in the North-
west to the demand centres in West Africa or from East
Africa to southern Africa could be considered, although
it would require the construction of transmission lines
over distances of up to 2,000-3,000 km. This is only
likely to make economic sense after the current un-
tapped national resources, notably hydropower, are ful-
ly exploited. However, China has shown that this type of
development is possible, as HVDC lines of similar length
have been built to connect the hydropower plants in
the West of China to demand centres in the East.

A 400 MW interconnector already exists between Mo-
rocco and Spain. The capacity of this interconnector
could be increased to enable the export of wind and
solar resources to Spain. However, for the time being
the electricity flows largely from Spain to Morocco.
New interconnectors between North Africa and Europe
have been proposed, some as part of the DESERTEC
Industrial Initiative.

2.7. Off-grid solutions

Off-grid solutions using renewable technologies can
play an important role in providing access to electric-
ity in remote areas or those far from the current cen-
tralised electricity grid. Unfortunately, there are no de-
tailed statistics available regarding the deployment of
off-grid and mini-grid solutions in Africa, so the scale
of today’s deployment of these solutions is not known.

Off-grid systems based on solar or wind require elec-
tricity storage to make them truly useful. Various elec-
tricity storage systems exist or are under development,
but they are expensive and tend to be more suited to
large-scale applications. For small-scale systems, stan-
dard lead-acid batteries are the technology of choice.
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Redox flow batteries represent an emerging option,
but they are not yet commercially available. Capacitors
are an emerging technology, but are more suited to
very short-term electricity storage.

Also small wind is emerging as a solution. The scale of a
wind turbine is typically for a number of households or
for a small village.

Lead-acid batteries are the oldest, most widely applied
electricity storage technology and are a proven option.
Car or truck batteries are sometimes used because
they are the cheapest option, but they are not designed
for use with power generation technologies and have a
short lifespan (as low as 50 cycles). Deep-cycle lead-
acid batteries are a proven option, with much longer
lifespans than car batteries, and they will last even lon-
ger if the discharge rate is kept low. For instance, limit-
ing the discharge to 20% or less can allow the battery
to last for 10 years. The trade-off is higher initial costs,
as 5 kWh of battery storage is needed for every 1 kWh
of electricity used from storage.

In sunny African conditions a 1 kW PV system can sup-
ply 1,500 kWh per year (4 kWh/day). Assuming half of
this energy is needed in the evenings this means 2 kWh
of useful storage is needed, requiring 10 kWh of battery
storage if battery life is to be optimised. This represents
an investment of USD 1,500 (USD 150/kWh), to which
a battery charge controller must be added if this is not
included in the PV system. The addition of storage, as-
suming the PV system costs around USD 3,000/kW,
therefore adds 50% to the PV system cost (total USD
4,500/kW).”

Other battery options include lithium-ion (Li-ion) or so-
dium-sulphur (NAS) batteries. Their cost is higher than
for deep-cycle lead-acid batteries at USD 550 to USD
600/kWh. However, NAS is a new battery technology
and global production capacity is less than 150 MW
per year, so cost reductions are likely. NAS batteries
are currently large-scale storage solutions, and a single
NAS battery in the capacity range of several MW will
weigh ten tonnes, or more. Production of smaller NAS
batteries is beginning and they could soon be used for
mini-grid, village or small city-size storage solutions. In
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the longer term, NAS battery costs could come down
significantly, as they have been designed to use cheap
and abundant materials. Li-ion batteries are small-scale,
and today usually power laptop computers, and may
therefore be better suited to highly modular small-scale
off-grid solutions if costs come down. Other options,
such as redox flow batteries, are still at a developmen-
tal stage and their practical feasibility is not yet proven.

Off-grid systems compete with centralised grids. Cen-
tralised grids require substantial investments in high-
voltage transmission lines, transformers, as well as me-
dium- and low-voltage distribution systems. The cost
per unit of energy delivered depends heavily on the
length of the system and the demand density. While
a centralised grid may be the cheapest solution for a
large city, an off-grid or mini-grid system will usually be
more economical for a remote dwelling or community.
For instance, as a rule of thumb, the grid cost will on
average be of the same order of magnitude as the level
of investment required for the power supply units, ef-
fectively doubling the investment needs. So, although
the unit cost of fossil-fuel based generating plant is
low, it is offset by the grid costs, potentially making
off-grid solutions with renewables the most economic
approach today.

Kenya plans to raise the share of renewables in 12 isolat-
ed mini-grids with a total capacity of 11 MW by install-
ing 3 MW of solar and wind to complement the existing
diesel generators in these grids. The GoK also plans to
construct 27 new isolated mini-grids with a total in-
stalled capacity of 13 MW. The total cost for the 16 MW
of additional generating capacity and the grid costs of
the 27 new mini-grids is USD 68 million. The average
cost is USD 3,000/kW for power generation and USD
1,300/kW for the mini-grid development (Table 10).

In 2007 the WB conducted a cost comparison of off-
grid, mini-grid and grid electrification technologies
(ESMAP, 2007). They concluded that off-grid solu-
tions have a LCOE of USD 0.1 to USD 0.60/kWh. For
mini-grids the supply cost ranges from USD 0.05 to
USD 0.50/kWh, while for grid connected power plant
the cost ranges from USD 0.04 to USD 0.15/kWh, with
the cost of expanding the transmission and distribution

7 This analysis is in line with 100 W off-grid systems for sale in South
Africa that cost around USD 5,000/kW.



TaBLE 10: PROJECTED COSTS OF THE KENYAN MINI-GRID PROGRAMME

Equipment (16 MW)
Grid (13 MW)
Other

Total hybrid mini-grid systems
Source: RoK, 2011.

system typically adding another USD 0.05 to USD
0.10/kWh.

If demand is limited to a few basic functions (predomi-
nantly lighting) in rural areas, off-grid solutions can be
cheaper than grid connection. However, the operation
and maintenance needs for off-grid solutions are high
and often not adequately provided for in the long term.
This is one of the major factors that explain why thereis

49.5 3,000
16.5 1,300
2.0

68.0 4,300

a tendency to move to grid-connected solutions when
the opportunity exists and the costs are affordable.
However, the reality is that while 70% of the population
is still without access to electricity, off-grid solutions
will remain an important solution for many years to
come and they can act as an important stepping stone
to grow demand and improve the viability of grid con-
nection at a later date.
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3. Drivers of future African
clectricity demanao

The population of Africa is growing fast (2.3% per year).
At the same time, per capita income levels are rising
and Africa is urbanising. These three trends will drive
energy demand growth and consumption patterns in
the coming decades.

Africa’s population was 1.031 bn in 2010 and is pro-
jected to grow to between 2 bn to 3 bn by 2050 (UN
Population Division, 2008). The current urbanisation
rate ranges from 18% in Ethiopia to 50% in Nigeria, but
it is well above 70% in some North African countries
(UN Population Division, 2009). In Africa today, 34% of
population lives in cities and 66% in rural areas.

Figure 6 provides a breakdown for sub-Saharan Africa
of the population distribution by settlement type. The
trend is towards a 20 percentage point increase of the
urban share by 2050. This means that more than half

Remote rural
areas

16%

Rural hinterlands
50%

Intermediate
cities
10%

of the sub-Saharan population will live in cities and the
urban population will more than double.

African economies have been growing at an average
rate of around 4% in the last few years. If this trend con-
tinues GDP will increase 2.9-fold between 2008 and
2030 and 6.7-fold by 2050. If growth were to acceler-
ate to the levels seen in China and India in recent times,
GDP levels could rise even further. The GDP growth rate
assumptions in this study vary by region (Table 11), but
are slightly higher on average than recent growth rates.
These differences - in conjunction with today’s varia-
tions by region in electricity generation mix, electricity
consumption levels and renewable energy potential -
will drive the renewable energy outlook by country and
region in Africa.

Megacities
14%

Periurban cities
10%

FIGURE 6: SUB-SAHARAN POPULATION DISTRIBUTION BY SETTLEMENT TYPE
SouRrce: FosTER AND BRICENO-GARMENDIA, 2010.
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TaBLE 11: GDP GROWTH PROJECTIONS

Growth rate %/year) (%/year) (%/year)
Central 6.0
East 6.0 5.0 4.0
North 6.0 5.0 4.0
South 4.0 35 3.0
West 8.0 6.0 5.0
Total Africa

mmm
Central 100 1638
East 100 142 295 646
North 100 142 295 646
South 100 n7z 196 354
West 100 185 444 177
Africa 100 139 289 674

Source: DB, 2010 and IMF, 2010.

Electricity demand growth

In developing countries, electricity demand tends to
grow at least as fast as GDP. The demand modelling as-
sumes that, given the low starting point, demand in the
Central and Eastern regions will grow at the rate of GDP
growth plus 2% (so more than 7% electricity demand
growth per year between now and 2030), while in the
West it will grow at 1% above GDP growth. In southern
Africa it is assumed that electricity growth will match
the rate of GDP growth (so not more than 3-4% elec-
tricity demand growth per year), while in North Africa,
electricity demand is assumed to grow at a slower rate
than GDP, given the relatively high electrification rate

and electricity consumption, and the larger industrial
base.

The other key factor that needs to be considered in the
demand analysis is the impact of changing lifestyles.
The most prominent feature in the African context is
the urbanisation trend (Table 12). Urbanisation rates
are projected to rise by about 20 percentage points by
2050. Almost two-thirds of Africans will live in cities in
2050, compared to less than 40% today. This has con-
sequences for a successful renewable power strategy,
as over the period to 2050 the emphasis will shift from
off-grid solutions to large-scale grid-based systems
with significant daytime peak demands.
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TABLE 12: PROJECTED SHARE OF URBAN POPULATION FOR DIFFERENT AFRICAN REGIONS, 2008-2050

(9 | 2008] __2015] 2030| 2050
9 44 53 66

Central 3

East 22
North 53
South 44
West 44
Total 39

Source: UN Population Division, 2009.

Consumers’ ability and willingness to pay for electric-
ity will also be key factors in determining electricity
demand growth. Surveys held in Mali concluded that
the willingness to pay for electricity in rural areas av-
eraged USD 15/month, ranging from USD 9.3 to USD
22.4/month. In Senegal, most rural households already
spend USD 2 to USD 24/month on kerosene and dry cell
batteries to meet their lighting and small power needs,
and hence are likely to be willing and able to pay for
electricity use at least up to this level. In Guinea, rural
surveys obtaining data on avoided costs found that the
willingness to pay for basic electricity services was just
USD 1.6/month, which would cover the cost of 12 kWh/
month at the average tariff of the sub-Saharan region
(USD 0.13/kWh) (WB, 2010). Any form of electricity is
a major expense under such conditions. In the scenar-
ios, the willingness to pay is assumed to increase over
time with incomes, resulting in electricity consump-
tion per capita growing at least as fast as incomes.

25 33 47
55 62 72
47 55 66
48 57 68
42 50 62

Fossil fuel prices

The fossil fuel price assumptions are consistent with the
latest World Energy Outlook (IEA, 2011). In the Refer-
ence Scenario the world market oil price is projected to
increase from today’s level (around USD 100/bbl (bar-
rel) average import price) to USD 140/bbl in real terms in
2050. World steam coal prices rise by 10-15% to around
USD 120 per tonne and natural gas import prices rise by
about USD 4/ GJ to between USD 9 to USD 14/GJ.

Prices in Africa today are often decoupled from world
market prices for a variety of reasons, but it is assumed
that fuel prices will increasingly be linked to world
market prices over time. However, natural gas is much
cheaper in markets close to the producing fields, where
no extensive transportation is needed, and export op-
tions are currently limited or non-existent. A price of
USD 7/GJ in North Africa and West Africa by 2030 is
therefore assumed. Domestic South African coal is pro-
jected to double to USD 3/GJ by 2030. The same fossil
fuel prices have been used for the Renewable Scenario,
based on the assumption that changes in African con-
sumption will not affect global prices for fossil fuels.

Prospects for the African Power Sector
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4. Electrcity scenarios

for Africa

Electricity planning can be done on many levels - from
the level of the individual power plant up to the nation-
al electricity grid, through to several interconnected
countries or even the continent as a whole. Different
models and analysis are needed for these different
scales. Moreover, different timescales must be consid-
ered, as the aggregation of time segments cannot be
carried too far if the analysis is to ensure that electricity
supply mixes with high shares of variable renewables
can always meet demand. The analysis presented here
for Africa focuses on two scenarios:

The Reference Scenario: This is a continuation
of existing economic, demographic and energy
sector trends and only takes into account exist-
ing policies. Universal electricity access is not
achieved and peaks at 43% in 2030.

The Renewable Scenario: This scenario exam-
ines the impact of policies in Africa to actively
promote the transition to a renewable-based
electricity system to meet the growing needs
of its citizens for electricity, to boost economic
development, and improve electricity access.
Importantly, this scenario achieves electricity
access for all by 2030 and includes a CO, price
of USD 25/t CO,,

As a first step, country scenarios from the literature
were analysed (IRENA, 2011a) in order to inform the
scenario development and identify the key existing
trends. These country scenarios suggest that Africa will
need to undertake massive investment in new power
generation capacity in the coming two decades, with
capacity additions of around 250 GW to meet demand
growth (Table 13). This is equivalent to a tripling of
current installed capacity in just 20 years. These fig-
ures are supported by the IRENA Reference Scenario

Prospects for the African Power Sector

demand analysis that suggests a tripling of demand be-
tween 2008 and 2030. Such an expansion of electricity
capacity will help to reduce outages, increase access to
electricity, improve the lives of the people of Africa, and
promote economic growth.

It should be noted that the demand projections are
significantly higher than those of the IEAs World
Energy Outlook and scenarios from EREC/Greenpeace
(IEA, 2011 and EREC/Greenpeace, 2010). The projec-
tions in the scenario analysis presented here are more
in line with the aggregated projections of individual
country studies.

TABLE 13: ELECTRICITY GENERATION CAPACITY NEEDS IN THE
REFERENCE SCENARIO, 2010 10 2030

___(@Gw) | 2010 | 2030 _

South Africa 42 85

Egypt 22 65
Algeria 50 150
Nigeria 10 30
Ethiopia 2 16

Others 14 60
Total 140 409

Source: based on IRENA, 2011a.

Model structure and development

The analysis presented here necessitated the develop-
ment of two new power pool models, one for southern
Africa and one for ECOWAS. The International Atomic
Energy Agency originally developed these models, but
IRENA has substantially updated and refined the rep-
resentation of renewables in them, as well as making



other improvements. These models are ideally suited
to study the issues of national grid extension and op-
eration, electricity generation mix, and the benefits of
interconnection. To complement them IRENA has de-
veloped a new model for Africa as a whole, where the
electricity supply from these two power pool models
is incorporated into a five-region model for Africa to
model electricity supply and demand in each region.
This integrated, regional model is then used to develop
electricity scenarios on a continental level.

These two model sets unfortunately do not have the
required level of detail to assess the viability of grid ex-
pansion versus mini-grids or off-grid systems. Spread-
sheet models that can evaluate the costs and benefits

The Reference Scenario

In this scenario total electricity production is project-
ed to nearly triple between 2008 and 2030, and then
more than double between 2030 and 2050. However,
despite this rapid increase, electricity access in 2030 is
still only 43%. The results for the Reference Scenario
(Figure 7) also indicate that a notable shift from coal to
gas will occur. This is explained by the fact that electric-
ity demand in southern Africa grows at a much slow-
er rate than in other African regions, and coal-based
power generation is concentrated in South Africa. Sig-
nificant quantities of hydropower, and in later decades
wind, are added in the Reference Scenario. However,
fossil fuel-based electricity generation continues to

FIGURE 7: BUSINESS AS USUAL ELECTRICITY SUPPLY PROJECTIONS FOR AFRICA 2008-2050
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of these options have been developed for this analysis
and are used as inputs to the five regional electricity
supply models.

The Reference Scenario, in addition to the demograph-
ic and economic drivers already discussed, includes all
energy, economic and rural development, as well as
climate policies in place to date. No new policies are
assumed in the Reference Scenario, so existing poli-
cies with a foreseen end date are not assumed to be
extended. The Reference Scenario also only includes
those policies currently enacted. Policies under discus-
sion, or those without legislative or regulatory backing,
have not been included.

2030

2050

grow strongly in this scenario and is more than five
times higher in 2050 than in 2008 and still accounts for
around 70% of generation in 2050.

In the Reference Scenario, the use of renewable energy
for power generation therefore does not increase rap-
idly enough to become the most important source of
electricity generation. Fossil fuel-based power genera-
tion will still account for most capacity added between
now and 2050 in the absence of new policies. The bar-
riers to the uptake of renewable electricity generation
are not sufficiently overcome in the Reference Scenario
to achieve a transition to renewable energy technolo-
gies in Africa, which will require the introduction of
transformational new policies.

Prospects for the African Power Sector
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The Renewable Scenario

The Renewable Scenario assumes more policy empha-
sis on renewable energy driven by economic, devel-
opment and environmental factors. In the Renewable
Scenario, new and ambitious deployment policies for
renewable power generation technologies are comple-
mented by significant new energy efficiency policies to
form a single policy package. The other key difference
to the Reference Scenario is that the Renewable Sce-
nario achieves universal access to electricity in Africa
by 2030. This combination of policies, along with the
rapid growth in capacity required, means that Africa’s
power generation sector could leapfrog the inefficient
and fossil-fuel dominated development path taken by
industrialised countries and could transition to a sys-
tem dominated by renewables. However, this assumes
concerted government action in the area of efficiency
standards and programmes, as well as renewable de-
ployment policies and regulation.

By presenting the Renewable Scenario and comparing
it to the Reference Scenario this paper aims to show
that the Renewable Scenario is both a feasible develop-
ment pathway and has important benefits compared to
a business as usual pathway.

In the Renewable Scenario, a gas distribution infra-
structure is not developed because demand is so low
that investment costs per unit of energy would be too
high, given the lack of space heating demand, even with
the predicted rate of urbanisation. The use of coal-fired
power generation is an option in outhern Africa, but
in the Renewable Scenario it comes under increasing
pressure because of greenhouse gas concerns. Nuclear
expansion is minimal due to the high investment costs
and lack of indigenous manufacturing and installation
capacity. This leaves local natural gas, which remains
an attractive option where abundant local resources
mean that gas is cheap.

The additional deployment of renewables in Africa is
enough to accelerate technology learning, leading to
reduced costs for renewable power generation tech-
nologies. However, the lower demand for fossil fuels
could also make some fossil fuels relatively cheaper
than in the Reference Scenario in some regions.

Electricity demand and production by region
and fechnology

The Renewable Scenario assumes electricity access for
all Africans by 2030. The demand projections result in
average per capita electricity consumption growing by
120% between 2008 and 2050 to between 3 to 4 kWh/
day on average. There is a wide range of growth by re-
gion, from an increase of 35% in the South to a more
than ten-fold increase in Central Africa that is depen-
dent on current levels and income growth.

In the Renewable Scenario, more ambitious energy ef-
ficiency policies are implemented that improve energy
efficiency by 20% to 30% compared to the Reference
Scenario in 2050. These are additional efficiency gains
on top of what already occurs in the Reference Sce-
nario. These energy efficiency policies complement the
efforts to promote renewable electricity generation by
allowing a given amount of investment in renewable
energy to provide electricity access to a larger number
of Africans than the same investment in the Reference
Scenario. However, despite the Renewable Scenario
achieving universal electricity access, electricity de-
mand is still about 15% lower in 2050 than in the Refer-
ence Scenario as not all of the energy-efficiency sav-
ings are offset by the increased consumption of those
additional people given access to electricity. However,
even though electricity demand is lower, the underlying
energy services delivered are higher in the Renewable
Scenario due to the increase in efficiency.

TABLE 14: ELECTRICITY GENERATION BY REGION IN THE RENEWABLE SCENARIO, 2008 10 2050

| (TWh) | 2008 | 2015 | 2030 | 2050
24 40 96 253

East Africa

North Africa 237
West Africa 42

South Africa 302
Central Africa 16

Total 620

331 610 1158
76 180 425
393 537 844
31 116 467
870 1537 3146

Source: Howells et al., 2011; IRENA, 2011c; and IRENA, 2011d



The share of PV in total electricity generation grows
from virtually nothing in 2008 to 8% in 2030 (Figure 8)
and 14% in 2050. CSP grows to 6% of total generation
in 2030 and 10% by 2050, wind reaches 14% in 2030
and 17% in 2050, while biomass technologies reach 4%
in 2030 and 10% in 2050. The share of hydro is rela-
tively stable at 17% in 2030 and 21% in 2050 , but this
masks a very significant growth in absolute terms (2.8-
fold by 2030 and neary 7-fold by 2050). The share of
electricity generation from fossil fuels falls to 50% in
2030, but demand growth is so rapid that this is still a
47% increase in generation between 2008 and 2030.
However, between 2030 and 2050 renewables be-
come the most competitive option and virtually all of
the growth in electricity generation over this period is
from renewables.

The trade in renewable electricity increases signifi-
cantly in the Renewable Scenario as low-cost resources
are brought to market. One-quarter of the electricity
from the Grand Inga hydroelectric project is exported
South Africa and at a later stage another quarter is de-
veloped for export to West Africa. In North Africa, if the
DESERTEC project is completed, 100 GW of renewable
capacity in North Africa will export 400 TWh of elec-
tricity per year to Europe by 2050, bringing in impor-
tant revenue streams.

Installed capacity and system costs

Figure 9 shows the installed capacities for both the
Reference and the Renewable Scenarios. The total in-
stalled capacity is higher in the Renewable Scenario
despite lower demand, because the average capacity
factor is lower. By 2030 there is already a significant
difference in the capacity mix and hence installed ca-
pacity required. In the Reference Scenario around
410 GW of total capacity is in operation in 2030, while
in the Renewable Scenario it rises to 442 GW. This gap
widens as the share of renewables increases and by
2050 around 80 GW more capacity is installed in the
Renewables Scenario than in the Reference Scenario.

The Renewable Scenario in 2030 has around 95 GW
wind capacity. However, it is between 2030 and 2050
that the dramatic transformation of the African elec-
tricity sector occurs. During this period, virtually all the
growth in capacity in the Renewable Scenario is based
on renewable power generation technologies. This is
driven by cost reductions in renewables and their in-
creasing competitiveness in this scenario.

FIGURE 8: ELECTRICITY PRODUCTION BY FUEL IN THE RENEWABLE SCENARIO, 2008 10 2050
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FIGURE 9: INSTALLED ELECTRICITY GENERATION CAPACITY BY FUEL IN THE REFERENCE AND RENEWABLE
ScenARrIos, 2008 1o 2050
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The difficulty of achieving the results envisaged in the
Renewable Scenario should not be underestimated.
The magnitude of the challenge that the Renewable
Scenario faces can be shown by the annual capacity
additions needed between now and 2030 (Figure 10).
Today’s annual capacity additions are, with the excep-
tion of hydro, nowhere near close to the numbers re-
quired. The Renewable Scenario will therefore require
a very significant acceleration in renewable power gen-
eration deployment in Africa. Achieving these levels of
annual deployment will be particularly challenging for

Solar
Wind
® Hydro

¥ Fossil fuels ai
nuclear

wind and solar. However, these levels of capacity addi-
tions are not without precedent, as they are of a similar
order of magnitude to the investments taking place in
Spain or Germany, despite the much poorer renewable
resources in these countries. The real challenge there-
fore lies in finding the funding needed and in develop-
ing the industrial manufacturing base, as well as the
installation and service industries required to support
these investments. Building this base and raising the lo-
cal content should be a priority as it will also create jobs
and help create economic growth.

Ficure 10: AVERAGE ANNUAL RENEWABLE CAPACITY ADDITIONS REQUIRED IN THE RENEWABLE SCENARIO,
2008 10 2030
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The capital-intensive nature of renewable power gen-
eration technologies, combined with the absence of
(or low) fuel costs, implies a shift in the cost structure
of the electricity system. Larger initial investments will
be offset by lower fuel costs for generation. Table 15
illustrates this for the scenario analysis by providing a
breakdown of the electricity system cost for the Refer-
ence and the Renewable Scenarios.

The Renewable Scenario is more expensive in the peri-
od to 2030, as total costs are USD 2.95 trillion (tr) com-
pared to USD 2.24 tr for the Reference Scenario. The
additional cost for the Renewable Scenario to 2030 is
therefore USD 710 bn, or about USD 32 bn per year, or
32% more than the Reference Scenario. However, when
looking longer-term at the total costs between 2008
and 2050, the undiscounted systems cost of the Re-
newable Scenario is about 14% (USD 11tr) lower than the
Reference Scenario. This includes the additional cost of
energy access for all, without which the overall systems
cost of the Renewable Scenario would be even lower.

The average annual investment between 2010 and
2030 in the Renewable Scenario is USD 133 bn per year.
Recent estimates of the cost of global energy access
have been put at between USD 34 bn and USD 100 bn
per year (Bazilian, 2010 and IEA, 2011). Given that half
of the people without access to electricity live in Africa,
the cost for universal electricity access in Africa could
be in the range of USD 20 bn to USD 50 bn per year.
The Renewable Scenario costs, despite being based
on different analysis, are broadly in line with these ear-
lier estimates. One study estimates that, investment
and operational costs of the African power sector are
around USD 50 bn per year today (UNECA, 2011). Our
estimate for the coming two decades is nearly three
times as high, which can be explained by the much
higher service level achieved as a result of universal
electricity access.

Regional results

As can be expected given the different renewable re-
source distribution, significant differences in the power

TABLE 15: ELECTRICITY SYSTEM COST FOR THE REFERENCE AND RENEWABLE SCENARIOS

Reference

2008-2030
Investments 046
Fuel cost 883
Transmission and
distribution 700
Grid investments for

10

renewables
Total 2,239

The bulk of the lower costs in the Renewable Scenario
can be attributed to the reduced electricity demand,
which translates into lower fuel and investment costs.

However, on a per kWh produced basis the costs of the
Renewable Scenario are roughly equal to those of the
Reference Scenario. It should also be noted however,
that these cost calculations do not take into account
the future value of the investments in renewables and
infrastructure that stems from their use beyond the
time horizon of the model analysis. Critically, all of this
is achieved while putting in place a supply infrastruc-
ture to ensure lower-cost domestic equipment supply
and O&M capacities, with their associated economic
and social benefits, as well as achieving full electricity
access for all Africans.

Renewable Reference Renewables
2008-2030 | 2008-2050 | 2008-2050
1,203 1,965 2,928
693 4,475 2,180
1,000 1,300 1,400
50 25 200
2,946 7765 6,708

generation mix occur between the regions. In addition,
intra- and inter-regional trade also grows significantly
in the Renewable Scenario.

In East Africa, 34GW of new wind capacity is added.
This is well below the favorable resource potential at
over 30% capacity factor. In addition, 11 GW of hydro
is added. The excellent wind resource allows very high
average load factors (37% on average) to be achieved.
Although the wind potential in North Africa is large,
wind expansion is constrained to a maximum of 1 GW
per year. However, even with this conservative con-
straint, wind still accounts for 20% of capacity in this
region by 2030.
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FicURe TT1: RENEWABLE SCENARIO POWER CAPACITY DEVELOPMENT FOR THE FIVE AFRICA REGIONS, 2008-
2030 (excLubes DESERTEC)
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The high level of wind penetration in North and East
Africa means that careful attention will need to be paid
to ensuring that system reliability is maintained as the
level of variable renewables grows. In East Africa, the
high share of large-scale hydro in the energy mix will
mean that it can act as an effective balancing tool, as
long as there is better grid integration. Where hydro-
power is not available to provide storage, it should be
possible use wind to meet the future demand for de-
salinated water, given that water is relatively inexpen-
sive to store and most of the best wind resources are
in coastal areas.

The rate of renewable deployment is constrained in
each of the five regions to ensure realistic deployment
paths. As a result, with the exception of the South, none
of the regions reach their full economic investment po-
tential in renewable power generation by 2050. In ev-
ery region, apart from southern Africa, increasing the
penetration of renewable electricity generation tech-
nologies would therefore be cost optimal. '®

Electricity trade between regions is allowed in the Re-
newable Scenario, but growth is limited to what is eco-
nomic taking into account new transmission line costs.
The model assumes that HVDC transmission links

between regions will increase the installed costs of any
project with significant exports by USD 100/kW. The
other key factor that determines the cost of exported
electricity is the level of electricity losses between re-
gions. Average losses of 7% are modelled for regional
interconnection, except for interconnections between
the North and other regions. Losses of around 20% are
assumed for interconnections with North Africa due to
the distances involved and the impact of the climate.

In the ECOWAS region, electricity supply growth be-
tween now and 2030 is dominated by large hydro and
to a lesser extent wind (37% and 16% of electricity sup-
ply in 2030, respectively). Moreover in this scenario Ni-
geria imports significant amounts of hydropower from
Cameroon and at a later stage from the Grand Inga
project in the DRC. Solar capacity in 2020 is at a later
stage replaced with imported hydro. The dynamics of
this result need to be assessed in more detail at a later
stage. In the ECOWAS power pool for Western Africa,
significant differences occur in terms of the power mix
for each country - ranging from purely large hydro with
significant exports (Guinea) to a mixed biomass, wind
and mini-hydro supply (Togo/Benin) - and in the im-
portance of trade (Figure 12).

FicURe 12: ELECTRICITY PRODUCTION MIX IN THE RENEWABLE SCENARIO BY COUNTRY AND FUEL IN THE ECOWAS power pool, 2030.

Source: IRENA, 2011p
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8 Higher rates of renewable deployment, and the necessary
conditions to make this feasible, will be examined in future scenarios.



In West Africa Burkina, Guinea, Guinea-Bissau, Liberia,
Mali and Sierra Leone all have a 100% renewable elec-
tricity generation mix by 2030. Niger and Togo/Benin
have very low levels of fossil fuel production. Only Cote
d’lvoire, Gambia, Ghana and Nigeria have significant
fossil fuel-fired power generation. Total renewable
electricity generation reaches 153 TWh in 2030 and
fossil fuel-fired electricity generation is 40 TWh (virtu-
ally all gas). There is significant electricity trade, with
only Niger and Togo/Benin not exporting, and only Si-
erra Leone not importing, some quantity of electricity.

Hydro and wind dominate the total renewable electric-
ity generation. Large-scale hydro generates 84.1 TWh
in 2030, small hydro 19.8 TWh, wind 34.5 TWh, bio-
mass 1.6 TWh and solar PV 3.5 TWh. Wind’s share of

electricity (including net imports) reaches 21% in Niger.
The electricity systems of Guinea, Liberia and Sierra Le-
one are 100% hydro by 2030, although Nigeria has the
largest output (51.7 TWh).

In the SAPP region, coal remains an important source
of electricity in the Renewable Scenario despite policy
efforts. However, the addition of capacity is dominated
by renewables, notably hydro and wind, so that the
share of electricity generation from fossil fuels drops
below 60% by 2030. In the SAPP power pool, sig-
nificant differences occur in terms of the power mix.
Large-scale hydro dominated systems evolve in the
DRC, Mozambique and Malawi, while coal still domi-
nates in Botswana, South Africa and Zimbabwe.

FicURe 13 ELECTRICITY PRODUCTION MIX IN THE RENEWABLE SCENARIO BY COUNTRY AND FUEL IN THE SAPP 2030.

Source: IRENA, 2011c
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In southern Africa, South Africa is the main power mar-
ket today. Its relevance will decrease as other econo-
mies in the region grow at a faster rate, but even so, it
will still account for two-thirds of power generation in
the Southern region in 2030 and its dominance will not
be eroded until well after 2030.

In South Africa coal-based power generation domi-
nates. South Africa has benefitted from low electricity
prices based on power generation from low-cost, lo-
cal coal. However, electricity prices are rising rapidly.
Eskom’s (the South African utility) nominal tariffs rose
24.8% in 2010/2011 and are scheduled to increase by
25.8% in 2011/2012 and a further 25.9% in 2012/2013.
The average electricity price will rise to USD 0.082/
kWh (R 0.65/kWh) in 2012/2013 in nominal terms as a
result. This excludes the distribution cost. If these are
added, the average domestic tariff will be USD 0.10/
kWh in 2013 and be as high as USD 0.17/kWh for large
domestic consumers.

These cost increases suggest that coal’'s competitive-
ness and dominance may be being undermined. The
latest trends in wind costs” suggest that in areas of
South Africa with good wind resources, independent
power producers using wind could compete with Es-
kom without subsidies in the near future. Similarly,
although solar is not currently a priority for South
Africa, the rapid decline in PV costs means PV could
soon achieve an LCOE of USD 0.10 to USD 0.15/kWh in
South Africa. As a result, solar PV could rapidly become
competitive if even a modest a CO, reduction incentive
were to be introduced.?°

Renewable energy forms a key part of the country’s
Integrated Resource Plan, or IRP, which envisages that
renewable energy technologies will contribute 42%
(17.8 GW) of South Africa’s new generation capacity by
2030. If this is achieved, hydropower would account for
7% of generation capacity and wind for 14% (GSA, 2011).

In addition to indigenous renewable production,
South Africa will import significant amounts of renew-
able electricity. The Lesotho Highlands Power Project
(LHPP) will generate 6 GW of wind power and 4 GW of
hydropower, mainly for export to South Africa. This is
equivalent to nearly one-quarter of South Africa’s total
current energy supply. The Grand Inga and other large
projects will also find a large export market in South
Africa in the coming decades.

Sensitivity of South Africa’s electricity system to
different CO, price assumptions

Given the dominance of coal in power generation in
South Africa, the sensitivity of the results for South
Africa to CO, prices was analysed. In addition to the
Renewable Scenario’s assumed CO2 price of USD 25/t
CO2, scenarios examining a CO, price of USD 50/t CO,
and USD 100/t CO, were also examined.

In the USD 50/t CO, and USD 100/t CO, scenarios
electricity demand is 10% and 20% respectively low-
er than in the Renewable Scenario, due to price in-
creases. The impact of raising the CO, price to USD
50/t is slight in 2030. However, by 2050 the impact
is more significant. The impact of raising the price to
USD 100 /t CO, has a more dramatic effect in 2030,
as the share of renewables rises to 57% and to 83% in
2050. Most of the additional renewable capacity to
2030 in this scenario is wind, solar and biomass given
that hydro development cannot be accelerated much
more in this timeframe than is the case in the Renew-
able Scenario. By 2050, solar dominates in the USD
100/t CO, scenario, as hydro and wind reach their con-
straints and CSP with 15 hours of thermal storage is re-
lied on to provide quasi-baseload capacity in the place
of coal.

9In the last Brazilian auction earlier this year wind was offered for USD 0.065/
kWh. Although these values are perhaps not easily replicable, it suggests that with
good resources competitiveness may not be far off for wind in South Africa.

2 With an average electricity price of USD 0.82/kWh in 2012/2013, a C O, price of
USD 25/t would increase the cost of coal-based power generation by USD 0.025 /
kWh and make solar PV cost-competitive in some situations.
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o. Conclusions anc
recommendations

Conclusions

The Reference Scenario indicates that Africa will need
to make large investments in new power generation
capacity (more than 250 GW) in the coming two de-
cades to meet demand growth. Africa faces a unique
opportunity as nearly two-thirds of the additional ca-
pacity needed in 2030 has yet to be built. The conti-
nent can benefit from the recent global progress in re-
newable power generation technologies and their cost
reductions to leapfrog the development path taken by
industrialised countries and move directly to a renew-
able-based system. This working paper suggests that
hydropower, onshore wind, solar PV and CSP can play
a key role in increasing electricity supply in Africa. Be-
yond 2030, the Renewable Scenario outlines a pathway
where virtually all the growth in supply could come
from renewables.

Africa is endowed with vast untapped renewable en-
ergy resources that can provide electricity for all across
the continent at an affordable cost. Many African
countries have ambitious plans to increase the share
of renewables in their electricity mix. The Renewable
Scenario highlights that in many cases, this could be
a least-cost development pathway in the future if the
right policies are in place, particularly for bringing elec-
tricity access through renewable off-grid systems to
millions of Africans currently lacking access to the grid.

Large hydropower is the least-cost renewable energy
solution today. This is followed by onshore wind, bio-
mass and geothermal. Solar is still more expensive, but
has a huge potential and costs are rapidly falling.

Prospects for the African Power Sector

In the long term, the development of manufacturing
clusters and the promotion of an increasing share of
locally-manufactured content will help reduce costs
even further and allow a transition away from imported
equipment. However, the high cost of inland freight
transport and basic materials (e.g. cement and steel)
will still raise plant costs in many parts of Africa.

Renewable power generation technologies alone will
not meet Africa’s energy challenges. Nevertheless, the
Renewable Scenario shows that it is possible to rapidly
expand the supply of renewables-based electricity and
achieve universal electricity access in Africa by 2030.
Renewables can thus play a vital role in overcoming the
two key energy challenges Africa faces in the future.

In the Renewable Scenario, half of Africa’s electric-
ity production in 2030 would come from renewable
sources. Hydro would provide 17%, wind 14%, solar 14%,
and bioenergy 5%. By 2050 Africa’s power generation
would be dominated by renewables and fossil fuels
would provide just 23% of total generation, down from
84% today. However, because renewable resources are
not evenly distributed geographically, the outlook by
country and by region looks different from the average
for Africa. To simplify, in North Africa solar and wind are
the preferred renewable solutions, while in East Africa
and, to a lesser extent southern Africa, it is a combi-
nation of wind and hydro. In Central Africa and West
Africa hydro is the dominant solution.



The Renewable Scenario implies higher investment
costs than in the Reference Scenario up to 2030, but
it significantly reduces the undiscounted energy sys-
tem costs over the long run to 2050 by reducing fuel
costs (and as a consequence fuel import costs). In the
Renewable Scenario, the total energy sector costs (in-
vestment and fuel) between 2008 and 2030 are USD
2.7 trillion, USD 710 bn higher than in the Reference
Scenario. However, over the period 2008 to 2050 the
undiscounted total system costs (including fuel cost
savings) are USD 1 trillion lower than in the Reference
Scenario.

These investment figures mask significant additional
macro-economic benefits. If the local content of re-
newables projects can be raised, it will result in lower
absolute costs per kW and improved balance of pay-
ments positions, as well as higher economic activity
and sizeable job creation.

Africa’s renewable energy potential is not evenly dis-
tributed and not always located close to demand cen-
tres. Very large investments will therefore be needed
in electricity transmission lines. This includes special
interconnectors between countries and power pools.
These investments will require a long-term vision and
need government support. They will only take place
if investors believe in the stability of the policy frame-
work and are confident of making a fair return on their
investment. These interconnections are necessary for
the development of large-scale renewable projects,
will help improve security of supply, and facilitate the

integration of an ever-increasing share of variable re-
newables into the generation mix.

To achieve the results foreseen in the Renewable Sce-
nario, it is essential that policies supporting the deploy-
ment of renewable power generation options are com-
plemented by increased efforts in the efficient use of
electricity. This will allow a given investment in renew-
able power generation to meet the electricity needs of
a larger number of African citizens than would other-
wise be the case.

In the Renewables Scenario, which achieves univer-
sal electricity access by 2030, additional investment
needs are colossal in the period to 2050 and beyond
the scope of government budgets. The level of carbon
funding that is being discussed today is small com-
pared to the levels of investment that will be needed in
Africa. Even if public funding is forthcoming, it is uncer-
tain just how much and how stable the flows might be.
The required level of investments will only be achieved
if supported by public-private partnerships. Therefore
the policy framework needs to provide equal oppor-
tunities for large- and small-scale projects to compete
on merit. The alternative is that a high-risk environment
will restrict investments to a few limited projects with
exceptionally high returns. This would condemn Africa
to ongoing energy shortages, reduce GDP growth and
mean that millions of Africans would still be without ac-
cess to electricity.
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Recommendations and future work

The following section seeks to highlight some of the
key recommendations and areas for future work that
have emerged from the scenarios and strategy analysis
for Africa to date. Areas of future work could include
policy development or regional co-operation identified
as critical to the scenario pathways. They could also
point to areas of future research that would greatly im-
prove the accuracy and value of the scenario analysis.

Better publically-available data on resource po-
tentials is required. While the potentials are in many
cases understood, verifiable data is often not avail-
able, and better resource measurements are needed
to support bankable project proposals. Therefore, an
important requirement is that resource potential data
is developed on a sufficiently detailed level to remove
this barrier.

Off-grid solutions are of special importance in Africa
and should be the focus of increased policy efforts. The
cost of PV panels is falling rapidly and off-grid solar PV
systems are already cost-effective today compared to
diesel generators. However, a massive roll-out would
require new electricity storage solutions. Mini-grids
involving small hydropower, solar PV and/or biomass
plants can serve as a stepping stone towards electrifi-
cation, followed by integration with the grid at a later
stage. Mini-grids and off-grid solutions should be seen
as complementary to grid extensions even in the long
term. While they may only represent a small part of to-
tal demand they are vital to reach universal access by
2030. Adequate policy attention should be provided
to accelerate their deployment at scale. Strategies for
community power and distributed generation based
on renewables can help to accelerate electricity access.

The cost of equipment is a key hurdle for most re-
newables. Currently Africa must import most of this
equipment. Therefore, it is essential to reduce this cost
through import tax exemptions, and by developing and
strengthening the national equipment supply chains.
The expertise necessary to develop local equipment
manufacturing industries already exists in many coun-
tries but should be further developed. IRENA has start-
ed a targeted analysis of the competitive advantages of
this approach and hopes to report in early 2012.



Land use planning, water resource management,
food production and agricultural productivity
enhancements must be integrated with energy
planning, especially in the case of large hydropower
and bioenergy projects. This nexus approach requires
further research and analysis to understand the real im-
pacts and interactions of different policies.

Improved energy sector planning: Energy planning
tools and scenarios should be more systematically
applied to the development of policy strategies.
Governments might consider developing improved,
publicly-available datasets including energy balances
and technology-related information. Integrated re-
source planning is critical to leverage the resource po-
tential in a sustainable manner, Integrated planning also
entails balancing of supply- and demand side opportu-
nities to make energy more reliable and affordable.

Expanding regional power trade. Power trade holds
the key to transformative impact; it is critical to un-
lock the continent’s large renewable potential, raise
efficiency and put Africa on a lower GHG-emissions
path. Large hydropower projects that may not be eco-
nomically viable for one country alone become highly
valuable when they accommodate demand from mul-
tiple countries. Security and reliability of supply can be
greatly improved at regional. Building interconnections
is the first step towards integration. However, regional
planning; harmonization of standards, practices, grid
codes and regulatory arrangements; coordinated ener-
gy system planning and operation at power pool level;
and equitable commercial framework for energy trad-
ing represent the soft infrastructure of power pools and
are as much important as building the wires. Countries
need to commit to regional priorities and develop in-
tegrated resource planning at national level consistent
with them.

Recommitting to the reform of the power sector.
Creditworthy national utilities are a key element to cre-
ate an enabling environment for PPPs. Adequate utility
capacity for project management is also essential for
sustainable implementation of investments. In many
countries grid access could be improved for indepen-
dent producers.

Further sensitivity analysis is required to refine the
scenarios and strategies analysis for Africa. It is
essential to undertake sensitivity analysis in order to
identify key parameters. With high levels of trade and
variable generation, the coordinated development of
a strong transmission system is important. The effects
of varying transmission costs and losses should be fur-
ther investigated. In this analysis, the cost of fossil fuels
should be varied in order to determine the relationship
between international gas prices, local coal, as well as
oil and renewable energy deployment by region. Simi-
larly, the cost of key renewables technologies should
be further investigated in order to determine at what
price range they become cost-optimal. This is particu-
larly important as various costs are expected to fall in
line with the learning process.

There are significant gaps in our knowledge on a
wide range of topics in Africa and more studies are
required. Future studies - beyond the scope of this
project - should include, among others, the potential
for system balancing, transmission development and
the role of smart grids (in the context of variable loads,
such as desalination).

More analysis of the potential for local content in
equipment manufacturing is warranted. The next
step in the Africa Scenarios and Strategies Project is
a study on the current situation of the equipment sup-
ply. This will help to develop strategies to increase lo-
cal content and reduce equipment costs. It will show
how a transition to renewables can be combined with
accelerated growth and the creation of new economic
activity.

This upcoming study will include: an analysis of the
current renewable energy equipment supply situation
in Africa for wind, solar PV, solar CSP, hydro, biomass
combustion, biomass gasification, first and second
generation biofuels, industrial biofuels, and solar water
heaters; an assessment of the main barriers to build-
ing a manufacturing base and/or for using renewable
energy equipment (patents, technical expertise, capi-
tal, economies of scale etc.); and an outline of potential
solutions to address these barriers.
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ACronyms and
aobreviations

AUC African Union Commission

CDM Clean Development Mechanism

CHP Combined Heat and Power

CSP Concentrated Solar Power

EAPP East African Power Pool

ECCAS Economic Community of Central African States
ECOWAS Economic Community of West African States
EUR Euro

GDP Gross Domestic Product

GEAI Geothermal East Africa Initiative

GHG Greenhouse Gas

GW GigaWatt

HVDC High Voltage Direct Current

IRP Integrated Resource Plan

kWel kiloWatt electric

LCOE Levelized Cost of Electricity

Mtoe Millions of tons of oil equivalent

MW MegaWatt

NAS Sodium-Sulphur batteries

O&M Operation and maintenance

OECD Operation for Economic Co-operation and Development
PV PhotoVoltaics

SAPP Southern Africa Power Pool

T&D Transmission & Distribution

TWh TeraWatt hour

usD United States Dollar
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