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ABOUT THIS PAPER 

This document has been prepared by the Grantham Institute for Climate Change as a 

fact-base on climate change in Africa, including impacts, required actions, and 

opportunities.  Significant contribution to this work has been provided by a number 

of sources including the UN Economic Commission for Africa, the UN Environment 

Programme, the Stockholm Environment Institute and others. Generous support and 

input for this work has been provided by the European Climate Foundation.  We are 

also grateful for the contribution from McKinsey & Company which provided fact-

based analysis.   

The views reflected in this paper are those of the Grantham Institute and do not 

necessarily reflect the views of those who have contributed to the work. This is an in-

process, preliminary document intended for discussion on possible messages for a 

report on climate change in Africa.  

This paper is divided into four sections: 

1. Executive Summary 

2. Africaôs unique position in the climate change debate 

3. The incremental development cost (or adaptation cost) and the cost to support 

Africaôs transition to a low-carbon growth pathway  

4. Sector by sector overview of climate-compatible development pathways  
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1. Executive Summary 

The challenge of achieving MDGs, economic growth and strengthening institutions 

are crucial goals for African Leaders. Climate change could add to the development 

and growth challenges they face, exacerbating Africaôs vulnerability in the future. 

Most scientists studying the potential impact of climate change believe that Africa 

could face conditions more severe than other regions. They estimate that Africa is 

likely to experience higher temperature increases, rising sea levels that could affect 

much of its population, changing rainfall patterns, and increased climate variability 

due to proximity to the equator. Its effects on individual countries will depend on 

their location and attributes, but all countries will be exposed to it and have reason 

for common cause. Africaôs ability to adapt to these effects being lower than that of 

the rest of the world, they couldðif unmitigatedðreduce arable land, worsen 

chronic hunger, and even lead to social unrest. 

The current climate change negotiations could offer unprecedented opportunities for 

Africa to strengthen its adaptive capacity and to move towards low-carbon economic 

development in a way that will use its comparative advantages (e.g., forests, hydro 

and solar power potential and land), attract investments from private sector and 

benefit its nations.  Targeted adaptation measures related to irrigation, drought 

resistant agricultural techniques, and health systems could draw new attention and 

incremental funding, while Africaôs comparatively low cost mitigation potential of 

2.8 GtCO2e in 2030ðmainly in land use and forestry 1.2 GtCO2e at an average cost 

of 10-15 ú/tCO2eðcould give the region a strong position in a global climate change 

deal focused on emission reductions and avoid the 36% forecast emissions growth 

from 3.2 to 4.3 GtCO2e by 2030 under a business as usual scenario.  Finally, Africaôs 

development could avoid the lock-in of high carbon infrastructure and realise 

climate-compatible growth opportunities that would both keep emissions low and 

offer substantial additional benefits including energy security, rural income 

opportunities, protection of bio-diversity, lower pollution, and reduced migration and 

potential for conflict.  

The incremental development cost (or adaptation cost) and the cost of putting Africa 

on a low-carbon growth pathway could amount to $22ï31 billion per year in 2015 

($13ï19 billion and $9ï12 billion). Existing estimates suggest these costs could be 

$52ï68 billion per year by 2030 ($21ï27 billion for adaptation and $31ï41 billion 

for mitigation).  
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o Adaptation is in many cases indistinguishable from development. Current 

ODA commitments (estimated at $72 billion per year for Africa to meet 

MDGs compared to ODA delivered in 2004 of $29 billion1) should be met 

both to achieve development goals and because without them adaptation 

will be much more costly. 

o There is a wide range of global estimates for incremental adaptation costs, 

prompting for further research on the topic. Attempting to reconcile various 

estimates indicates adaptation costs could be $21ï27 billion per year by 

2030, including $1 billion per year for adaptation capability building, $8ï9 

billion per year for anticipatory adaptation and climate-proofing, and up to 

$12ï17 billion per year for social protection (which includes protecting 

livelihoods and health). However, these costs could rise to close to around 

$60bn per year if the infrastructure needs in Africa up to 2030 are greater 

than assumed in the UNFCCC estimates and that the costs of  social 

adaptation will go up between 2015 and 2030. 

o Near-term incremental costs (between now and 2015) for adaptation in 

Africa could be $1ï2 billion per year for immediate priorities, and up to 

$12ï17 billion per year for social adaptation, for a total of $13ï19 billion 

per year. This would be 0.04ï0.06 percent of developed country GDP. 

o It is difficult to be formal and precise about the likely costs of social 

adaptation beyond 2015 but the costs of this type of adaptation could be 

higher in 2030.  

o Based on incremental costs for low-carbon abatement opportunities, 

additional financing of $31ï41 billion per year in 2030 could be required. 

It would be concentrated in three main sectors: $15ï21 billion per year for 

forestry, $8ï10 billion per year for agriculture, and $9ï10 billi on per year 

for energy.   

o Incremental financing required for abatement opportunities around 2015 

could be in the order of $9ï12 billion per year, including $5ï6 billion per 

year for forestry, $2ï4 billion per year for agriculture, and $2 billion per 

year for the energy sector (based on incremental marginal costs). 

Climate change is a global discontinuity and the momentum created by climate 

change negotiations could enable climate-compatible development in important 

sectors. To capture each opportunity will take continued strong domestic policy 

                                              

1 Achieving the Millennium Goals in Africa, MDG Africa Steering Group. 
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action that builds on recent progress to build institutional capacity (integrated with 

current development priorities and taking account of existing barriers to 

development), support for the private sectorôs role in financing and operating 

infrastructure and international support.  Initiatives in important sectors include: 

o Agriculture and Forestry: Both agriculture (including fisheries) and 

forestry, could be impacted by climate change.  Climate change may 

decrease agricultural yields, increase pressure on forests, and potentially 

reduce fish stocks in areas such as inland lakes and impacted coastal zones.  

To develop a climate resilient agriculture and forestry industry and embark 

on a climate compatible growth path, Africa can grasp three opportunities.  

First, it can develop and climate-proof agricultural productivity by 

improving agricultural techniques and adopting higher-yielding, climate-

proofed crops.  The UNFCCC estimates this would cost an additional 

$1 billion per year by 2030, on top of development spending.2 It would 

also require capability building, access to new agricultural techniques and 

inputs (seeds, fertilizers, and pesticides) and large scale dissemination of 

know-how.  Second, its natural assets could allow Africa to seize both 

agriculture and forestry based mitigation opportunities that may generate 

additional financial flows and substantial other benefits.  If Africa can set 

up its institutional capabilities and land use management program, long-

term financial flows could be generated by avoided deforestation (REDD) 

and afforestation/reforestation (A/R).  The costs of these initiatives in 

forestry are estimated at $4.5ï6.9 billion per year for 2015, rising to $14.5ï

20.5 billion per year by 2030.3 Third, developing a sustainable biofuels 

industry ï respecting the food production and avoided deforestation 

objectives ï is another opportunity that African countries are already 

exploring, in which better access to global markets and technology could 

help build a large industry. When developing such an industry, land and 

water constraints will have to be considered. 

o Water: African countries could climate-proof their water infrastructure and 

re-shape demand patterns to respond to climate change. Across the 

continent this initiative would require additional adaptation funding of $3ï

3.5 billion per year by 2030. It would take integrated action in four main 

areas: first, making strategic development choices that reflect water 

demand; second, factoring climate change into the design and planning of 

water productivity and efficiency in farms, factories, and cities; third, 

climate-proofing existing and new water supply infrastructure; and fourth, 

                                              

2 UNFCCC estimates, Samuel Fankhauser. 

3 McKinsey Global GHG Abatement Cost Curve v2.0. 
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leap-frogging to new water supply solutions that save both energy and 

carbon (e.g., solar desalination), rather than following earlier development 

paths. Funding may be needed to cover incremental costs of supplying 

water under climate change: more demand for water, higher water 

provision costs, and more public goods such as research and capability 

building. 

o Energy: African countries could use mitigation funding to broaden access 

to secure, sustainable sources of energy, both on and off the grid ($2 billio n 

per year for 2015; $8ï10 billion per year by 2030). Actions to achieve this 

include: developing major on-grid hydro and solar renewable power; 

rolling out smaller-scale off-grid renewables in rural areas; substituting 

non-sustainable fuel wood with sustainable sources; and implementing 

energy efficiency programmes, especially in transmission and distribution 

grids. A global agreement could attract public mitigation funding and 

incentivise private funding (through carbon markets) to cover the full 

incremental costs of low-carbon technologies, accelerate technology 

development and deployment, and build capabilities at the technical, 

financial, and policy level. 

o Cities and infrastructure: African countries could climate-proof urban 

infrastructure and development, and put transport systems on to a low-

carbon path. First, cities challenged by climate change will require extra 

adaptation resources (up to $0.4ï1.4 billion per year by 2030) to deal with 

more extreme weather such as storms, and threats to city defences such as 

coastal flooding.4  Initiatives to support adaptation include increasing 

access, building and reinforcing infrastructure, and protecting coasts. 

Secondly, cities can seek support for the development of low-carbon public 

transport. Systems such as energy-efficient buses can support development 

objectives such as greater urban mobility while also reducing emissions. 

o Health: Adaption resources can be used to reduce vulnerability to climate-

sensitive disease and malnutrition. This could lead to $3 billion per year in 

incremental costs by 2030. Opportunities include improving forecasting 

and diagnostic capabilities, broadening access to health services to address 

these diseases, and applying greater resources and co-ordination in dealing 

with humanitarian disasters. 

These opportunities will play differently among the different regions: forest-based 

mitigation funding will mainly go to the Congo basin, Zambia, and Tanzania; 

                                              

4 UNFCCC estimates, Samuel Fankhauser. 
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agricultural funding will be required broadly except for in forested and arid regions; 

energy opportunities will benefit South Africa and the Maghreb on the one hand, but 

also provide a widespread support to a whole range of countries through off-grid and 

sustainable biomass; coastal cities such as Lagos, Dakar, Dar-es-Salaam, Luanda, and 

Maputo will require significant funding to adapt to sea-level rise and more extreme 

weather events; adaptation support for water will be relevant to countries affected by 

reduced rainfall or droughts, possibly such as Mali and South Africa. 
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2.  Africaôs unique position in the climate change debate 

The two great challenges of the 21
st
 century are the battle against poverty and the management of 

climate change.  and they are closely interlinked.  That puts African countries in a 

challenging position as development and growth are priorities that would be more 

difficult to address in a harsher climate.  Current African emissions are 

comparatively low at 3.3 tonnes CO2e per capita (including land-use).5  Even with 

forecast population growth of 50 percent and increases in real GDP per capita of 

75 percent by 2030, 6  Africa will still contribute less than 5 percent of global 

emissions.  However, climate models suggest the effect of climate change in Africa is 

disproportionate to its emissions, and likely to be more severe than in other regions. 

Many scientists believe that the impact of climate change is already throwing up 

fresh obstacles to development in Africa. It is likely to create further problems as 

time goes on. 

Africa is likely to experience higher temperature increases, rising sea levels that will 

affect a significant proportion of population, changing rainfall patterns, and increased 

climate variability due to proximity to the equator.7  Unmitigated, these effects could 

lead to the loss of arable land, the worsening of chronic hunger, and even social 

unrest. Africa is also more vulnerable to climate change because it has less capacity 

to adaptða result of development gaps and poverty as well as the size and 

importance of its agricultural sector. All of these will exacerbate the impact of 

climate change. 

The changes induced by climate change will differ between regions.  Overall, Africa 

is expected to experience above average rises in temperatureðpossibly dramatically 

so (3ï4°C by 2100).8  Precipitation will vary more widely, with some areas predicted 

to get drier and others wetter.  Southern Africa, for example, is expected to become 

hotter and drier, and experience more frequent bouts of extreme weather, whereas 

East Africa may possibly become wetter.9  

Agriculture and health are likely to be the African sectors most affected by climate 

change. The largest impact is expected from drought and water scarcity (350ï

600 million people will be under water stress by 205010) and climate zone shift (the 

surface area of semi-arid land will  increase by 60ï90 million hectares).  This could 

                                              

5 Based on emissions from UNFCCC and population from United Nations Department of Economic and Social Affairs. 

6 United Nations Department of Economic and Social Affairs. 

7 IPCC Fourth Assessment Report, Africa chapter. 

8 Ibid., based on medium-high emission scenario (SRES A1B) and relative to 1980ï1999 period. 

9 P. Collier, G Conway, T. Venables, óClimate Change in Africaô, 2008. 

10 IPCC Fourth Assessment Report, Africa chapter. 
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increase the incidence of disease by perhaps 5ï7 percent. It could also harm national 

economiesðagricultural losses could total as much as 2ï7 percent of regional 

GDP.11  

This suggests that Africa should begin now to put into place what it needs to continue 

to develop and to shift to low-carbon growth even as environmental conditions grow 

harsh. Africaôs comparatively low-cost mitigation potentialðmainly consisting of 

changes to land use and forestryðoffer opportunities to access associated financing 

flows while contributing to emission reduction efforts.  

As Africa develops, it can choose to avoid locking in to high carbon infrastructure 

and it can pursue climate-compatible growth opportunities.  Under a ñbusiness as 

usualò scenario, emissions in Africa are forecast to growth 36% to 4.3 GtCO2e by 

2030. 12  However, capturing low-carbon growth opportunities will  help keep 

emissions low and avoid worsening the global climate change problem.
13

 It could 

also benefit from a wider shift in the global economic model: forests could appreciate 

in value, incentives could be created to exploit large untapped agricultural resources 

and give momentum to initiatives focused on raising productivity, barriers to 

bioenergy could vanish, and access to IP and technology could be lowered.  

                                              

11 IPCC Fourth Assessment Report, Africa chapter. 

12 McKinsey Global GHG Abatement Cost Curve v2.0. 

13 An increase in carbon productivity (i.e., GDP per tonne of carbon equivalent emitted) from $280/tCO2e to $1,340/tCO2e 

would be needed if Africa was to achieve the required global average of 2.5 t/capita by 2050, assuming GDP growth of 

5 percent per year.   
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|

Business-as-usual emissions split by sector in 2005 and 2030 
MtCO2e per year

Source: Houghton; IEA; IPCC; UNFCCC; US EPA; Global GHG Abatement Cost Curve v2.0
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Adaptation and climate compatible growth opportunities exist in five main sectors: 

agriculture and forestry; water; energy; cities/urban infrastructure; and health. A 

strong global climate change treaty could provide for Africa some of the support 

needed to sustain initiatives in each of these sectors. The UNFCCC negotiations will 

bring renewed attention toðand raise incremental funding forðtargeted adaptation 

measures to develop irrigation systems, spread drought resistant agricultural 

techniques, and reinforce health systems, among other ideas. If Africa develops the 

required capability building ï for example to monitor, report and verify its actions ï 

and demonstrates strong institutional support to deploy it, financial support should 

come in addition to existing ODA commitments, which are needed to achieve 

existing sectoral development goals. Non-financial support could take the form of 

support for capability-building, the development of global public goods, and access 

to technology.  This paper will explore what strategies Africa could adopt on climate 

change across these sectors and what is needed from the global climate deal to 

support these strategies. 
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3.  The incremental development cost (or adaptation cost) and 

the cost to support Africaôs transition to a low-carbon growth 

pathway  

3.1 ADAPTATION  

Adaptation costs are strongly linked to development efforts. 

o Adaptation is in many cases indistinguishable from development. 

Therefore to support adaptation, countries that have committed ODA must 

first and foremost honour those commitments (estimated to be $72 billion 

for Africa in 2015 compared to $29 billion provided in 200414). This will 

help achieve existing development goals, reduce prevailing adaptation 

deficits and bring down the cost of adaptation.  Additional funding relating 

to the impacts of climate change should not displace funding for current 

development objectives. 

o Although adaptation lessens the impacts and costs of climate change, it 

does not eliminate them completely, leaving residual damages. They are 

not included in the adaptation costs cited here, but may adversely affect 

Africaôs development. 

Estimating adaptation costs is difficult ï leading to wide ranges for cost estimates ï 

and requires further research 

o Adaptation costs are difficult to estimate because climate impacts over time 

are uncertain, adaptation and development are closely linked, and many 

adaptation measures are regional or local, all of which makes determining 

incremental costs difficult.  Not enough is known about the impacts, 

potential measures, and associated costs of adaptation, particularly at a 

local or regional level where there can be important variations and 

requirements, so further research is required on these bottom-up needs. 

o Five main types of adaptation cost can be distinguished: 

ð Global knowledge and global public goods that are provided at an 

international level. They involve general and globalised climate 

research and data collection, economic research on climate impacts, 

and research and development of technologies such as crop varieties 

                                              

14 Achieving the Millennium Goals in Africa, MDG Africa Steering Group. 
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and drug treatments for climate sensitive diseases.  The costs for this 

are assumed to be global and therefore have not been allocated to 

individual regions in our analysis. 

ð Capability building, preparation , and planning, which includes 

local knowledge building and integrating adaptation into development 

planning, as well as disaster preparedness.  This involves creating 

local strategies for adaptation, education, and training programmes to 

improve awareness and share techniques15. 

ð Anticipatory adaptation , which includes building new assets (such 

as flood defence systems and sea walls) and reinforcing (óclimate-

proofingô) existing assets such as roads, ports, buildings, and water 

systems, as well as behavioural, policy, and legal measures (for 

example, zone planning and building standards). 

ð Disaster management, which includes the immediate actions to 

address extreme weather events associated with climate change such 

as emergency recovery, health care services, humanitarian 

interventions, and reconstruction. 

ð Social adaptation, which includes protecting long-term livelihoods 

from the impacts of climate change through such actions as crisis-

transfers, financial support for the poor in regions affected by climate 

change, and relocation initiatives for severely affected communities.  

These costs are not well researched and are particularly difficult to 

estimate and disaggregate from other development measures. 

o Published estimates for near term (present to 2015) global adaptation costs 

range widely, from $4 billion per year today to $86 billion per year by 

2015, due to differences in time periods, measures included, and 

calculation methods. 16   To address these discrepancies and scale the 

estimates to Africa requires an understanding of each estimate and a 

framework to reconcile the differences. 

ð First-generation climate-proofing estimates: Early estimates of 

current adaptation costs (including World Bank, Stern, Oxfam, and 

                                              

15 Capacity or capability building activities are those which strengthen the knowledge, abilities, skills and behaviour of 

individuals and improve institutional structures and processes such that the organization can efficiently react to climate 

impacts and design and implement policies in a sustainable way. Without investment into these activities, African 

institutions will not be able to effectively plan, implement or monitor adaptation activities.  
16 $4 billion is the lower end estimate of the Stern Review and $86 billion (including social adaptation) is the UNDP 

estimate from the 2007/08 Human Development Report. 
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UNDP) are based on calculating the extra costs of climate-proofing 

financial flows (Gross Capital Formation, Foreign Direct Investment, 

and Official Development Assistance).17 The methodology leads to a 

wide range of estimates.  Scaled to Africa these estimates indicate 

costs of $0.5ï7.2 billion per year.  

|

Scope of estimate

ǐ Today

ǐ Today

ǐ 2015

There is a wide range of short term (2015) adaptation cost estimates for 

Africa

SOURCE: UNFCCC 2008a; IEA 2008a and b; and McKinsey 2009 for mitigation; Agrawala 

and Fankhauser 2008 for adaptation

1 Scaled from global estimates except for SEI values

2 Assuming exchange rate of 0.79 ú/USD 
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ð Second-generation climate-proofing estimate: The UNFCCC estimate 

for 2030 is calculated sector-by-sector for five main sectors 

(agriculture, coasts, water, health, and infrastructure).  This approach 

leads to an estimate of $8ï9 billion per year for Africa. 

ð Social adaptation: The UNDP estimate for 2015 is the main example 

of this, though it is a top down estimate and highly uncertain.  It puts 

it at $40 billion per year at a global level which scales to $17 billion 

per year for Africa.18  Further research is necessary to estimate social 

adaptation costs at a regional and local level. 

                                              

17 UNDP estimate is for 2015. 

18 UNDP, Human Development Report 2007/2008ðFighting climate change: Human Solidarity in a divided world. 



 

 16 

We have attempted to reconcile the different published estimates to generate a near 

term and long term view of possible adaptation costs for Africa, for each of the three 

different relevant types of costs: 

o Likely adaptation cost for Africa in 2030, split by the different adaptation 

types identified above (excluding, due to their nature, global public goods), 

is $21ï27 billion per year including social adaptation: 

|

Adaptation cost estimate for Africa in 2030 

SOURCE: UNFCC, UNDP, Sam Fankhauser

1 0.79 ú/USD 

2For 2030 assuming that UNDP social protection requirement maintained at same real level from 2015

Incremental annual financing flow requirement

for Africa in 2030

$ bn p.a.1

0.7

Planning, preparation

and capability-

building

8.0 - 9.1Anticipatory adaptation

0.1Disaster management

12.0 ï

17.0
Social adaptation2

20.8 ï

26.9
Total

ǐScaled from UK Environment agency 

budget by GDP and population

Methodology

ǐUNFCCC estimate scaled by African 

share of highly vulnerable countries

ǐUNDP 2015 estimate scaled by all 

African share of ODA and assumed 

constant from 2015

ǐScaled Munich Climate Insurance 

proposal

 

o The anticipatory adaptation is based on the scaled UNFCCC sectoral 

adaptation values. 

o Adaptation costs will increase over time. Near-term costs (between now 

and 2015) for adaptation in Africa could range from $1ï2 billion a year for 

planning, preparation, and structural adaptation, which is consistent with 

other Africa estimates,19 and up to $13ï19 billion per year with social 

adaptation. The figure can be broken down as follows: 

 

                                              

19 P. Watkiss, in Economics of Climate Change briefing note for Kigali Environment Ministers, highlights a typical range 

of $1ï2 billion per year in 2012ï15. 
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|

Adaptation cost estimate for Africa in 2015 

SOURCE: UNFCC, UNDP, Sam Fankhauser
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ð Planning, preparation, and building adaptation-related capabilities is a 

priority and could cost $0.2ï0.4 billion per year.  It would involve 

assessing what is required for climate-proofing, and preparing 

integrated adaptation plans (such as a low-carbon development 

strategy).   

ð Anticipatory adaptation could cost $0.9ï1.8 billion per year 

depending on how the figures are scaled to Africa (percent of sectoral 

estimate or investment flows). This estimate is based on submitted 

NAPAs.  

ð Disaster management is estimated to cost an additional $0.1 billion 

per year. 

ð Social adaptation, which is closely linked to development and will 

depend on the effectiveness of prior development and adaptation 

spending, could cost $12ï17 billion per year.   

ð Adaptation costs are not well understood and will have important 

regional and local variation.  Insufficient research and investigation 

has been performed to date, and much more is needed immediately to 

understand the impacts, possible measures, and costs for regions in 

Africa.  
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o Adaptation will require more than just fundingðmany adaptation measures, 

such as diversification from climate sensitive industries, will also require 

capability building, strong leadership, efficient and robust institutions, and 

close regional cooperation.  The institutional capacity needs to continue to 

develop in order to cope with the required levels of financing.   

3.2 MITIGATION   

If it can overcome the barriers to access, Africa can potentially secure mitigation 

funding to drive low-carbon growth in forestry, agriculture, and power. 

o Mitigation costs in this document are calculated as the incremental cost of 

a low-emission technology compared to a reference case or óbusiness as 

usualô technology, measured in dollars per tonne CO2e abated emissions.  

The cost includes annualised repayment of capital expenditure and 

operating expenditureðit does not therefore represent the pure óproject 

costô of installing and operating the low-emission technology.  A cost of 

capital of 4 percent is assumed to annualise the capital expenditure, and 

availability of capital is not considered to be a constraint. 

o Additional costs to be considered in the Africa context are transaction costs 

and capability building requirements: 

ð Transaction costs cover the cost of setting up programmes and 

policies, distributing information, and so on. They are estimated 

globally at $1ï6 per tonne.20 

o The total potential for mitigation in Africa is estimated at 2,800 MtCO2e 

which could be the basis to secure funding to drive low-carbon growth 

                                              

20 Project Catalyst.  
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|

Africa abatement cost curve 2030
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o There is potential for Africa to secure mitigation financing to cover costs of 

$31ï41 billion per year by 2030,21 targeted at three main sectors: 

ð Forestry: 1,200 MtCO2e, at $10ï15 per tonne average cost; the main 

levers are REDD, A/R, and forest management. 

ð Agriculture: 750 MtCO2e, at $5ï10 per tonne average cost; the main 

levers are restoration of degraded land and reduced tillage. 

ð Power: 325 MtCO2e, at $20ï25 per tonne average cost; the main 

levers are renewable energy including hydro power, solar power, and 

alternatives to unsustainable biomass.  

ð Transport: 70 MtCO2e, at $40ï50 per tonne average cost; the main 

levers are improved fuel efficiency in motor vehicles and introduction 

of biofuels.  Although currently small, transport emissions are 

expected to grow most rapidly and are therefore worth addressing.  

ð Other opportunities to attract mitigation funding could include 

reduced flaring in the oil and gas industry.  

                                              

21 McKinsey Global GHG Abatement Cost Curve v2.0. 
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|

Breakdown of costs of low carbon opportunities

SOURCE: McKinsey Global Cost Curve v2.0

1Transaction costs include information, distribution, and policy costs associated with capturing opportunities and are estimated at 1.2-6 $/tCO2e

2Base societal cost is technical cost of the opportunity at a societal cost of capital of 4%
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0.3-1.7

4.2

4.5-5.9
0.3-1.5

2.0

2.3-3.5 0.1-0.31.8

1.9-2.1

~0.1

0.4
0.8-3.6

8.4

9.2-12.0

Transaction costs1

Base societal cost2

1.5-7.5

13.0

14.5-20.5

Forestry

0.4-1.86.3

6.7-8.1

Agriculture

0.4-2.0

8.7

9.1-10.7

Energy  

0.1-0.2

1.1

Cities (transport)

2.4-12.5

29.1

31.5-41.6

Total

Mitigation costs 2030, ($bn/year) 

 

o In the near term, mitigation financing could be $9ï12 billion per year by 

2015, primarily driven by 350 Mt from forestry, at $10ï15 per tonne 

average cost. 

o Up-front capital expenditures (capex) will be large, especially in the energy 

and cities/infrastructure sectors.  Financing loans or guarantees may be 

required to enable investments.  Addressing the upfront financing 

requirements can also contribute to avoiding the ólock-inô of high-carbon 

infrastructure. 

o A number of other barriers may also need to be addressed to access 

potential mitigation financing.  These barriers may include lack of 

capabilities to deploy efficiently the funding, lack of capabilities to meet 

MRV requirements, and the perceived investment climate for internal and 

external investors.  In addition, for certain measures (e.g., fuel efficient 

stoves or REDD) financial support will need to flow to a wide set of 

communities and individuals to have impact and policies and institutions 

may be needed to support this. 

3.3 SUMMARY  

The total climate related costs for Africa could therefore range from $52 billion to 

$68 billion per year in 2030, made up of $21ï27 billion per year for adaptation and 
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$31ï41 billion per year for mitigation. However, these costs could rise to close to 

around $100bn per year if the infrastructure needs in Africa up to 2030 are greater 

than assumed in the UNFCCC estimates and that the costs of  social adaptation will 

go up between 2015 and 2030. 

In 2015, costs for Africa could amount to $22ï31 billion per year, including $13ï19 

billion per year for adaptation and $9ï12 billion per year for mitigation.  Accessing 

funding for these costs may also require addressing barriers such as lack of 

capabilities to apply for financing or provide MRV requirements.   

To manage these levels of financing will require continued development of the 

institutional capacity as well as support from the private sector in terms of financing 

and operating infrastructure. 
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4. Sector by sector overview of climate-compatible 

development pathways  

4.1 AGRICULTURE AND FORE STRYðDEVELOPING CLIMATE -

RESILIENT AGRICULTUR E AND ENGAGING ON A LOW -CARBON 

GROWTH PATHWAY THROUGH MITIGATION BASED ON LAND -

USE  

Africaôs pivotal agricultur al sector will face serious challenges 

due to climate change 

Agriculture and forestry are pivotal sectors in Africaôs economy and development  

Agriculture represents 60 percent of employment and 20 percent of GDP in Africa,22 

and forests supply fuel wood and charcoal to 75 percent of people in Africa.23  

Africaôs ambition in agricultureðdoubling productivity by 2012, expanding to 

commercial production, and strengthening research24ðillustrates the development 

potential of this sector. It can improve the livelihoods of subsistence farmers and can 

contribute to the industrialisation of the continent. 

Despite efforts in the 

sector, Africa still faces major productivity gaps 

 

The New Partnership for Africaôs Development (NEPAD) has set a goal of annual 

food productivity gains of 6 percent from 2015 onwards. Initiatives such as the 

Alliance for Green Revolution in Africa (AGRA) have been launched to achieve this 

goal and have successfully supported a number of projects across the continent.  

Despite these efforts, Africaôs land potential is not fully exploited today and the 

                                              

22  IPCC, AR4, WG 2. 

23  International Energy AgencyðWorld Energy Outlook 2008. 

24  Achieving the Millennium Goals in Africa, MDG Africa Steering Group. 

SUMMARY OF AGRICULTURE AND FORE STRY SECTOR ACTIONS 

¶ Climate-proof agricultural yields and develop climate-resilient agriculture through 

sharing of techniques and knowledge, crop selection, small holder support schemes 

and appropriate irrigation 

¶ Use funding for forest and land-based mitigation to capture agriculture and 

forestry-related co-benefits and raise value of forest/land 

¶ Develop a sustainable bioenergy industry for local and export markets 
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productivity gap, although improving, has not been addressed.  African agricultural 

productivity is 16 percent of the world average and 30 percent of the South East Asia 

average.25  The main causes of low productivity are limited market access, limited 

capabilities, and limited supply of agricultural inputs. 

Climate change could reduce agricultural yields, increase pressure on forests, and 

threaten current fishing activities 

Despite the potential in some African countries, agricultural yields could fall by up to 

50 percent by 2020 (relative to 2000 levels) as a result of climate change.26 The 

overall agricultural output could be reduced by 2ï7 percent of GDP by 2100. This 

could put current MDG plans at risk and undermine any current productivity gains. 

As subsistence agriculture and commercial agriculture are today the biggest sources 

of deforestation in Africa (54 percent and 35 percent respectively27), falling yields 

are likely to increase the pressure to deforest and convert more land to low yield 

agriculture.  Successful fisheries depend on coherent marine and freshwater 

ecosystems, which could potentially be affected by climate change.  Rising 

temperatures might potentially displace existing fisheries or change migratory 

patterns in specific regions.  This will reduce fish supplies for human consumption, 

aquaculture, and livestock feeds.28 

Capturing three major opportunities would help Afr ica develop climate resilient 

agriculture and forestry industry and pursue an advantageous low-carbon 

growth path in agriculture and forestry 

If proactively addressed and adequately funded, several of the challenges outlined 

above could be mitigated and transformed into advantageous low-carbon growth on 

the basis of the continentôs natural assets. Agricultural productivity gains could be 

climate-proofed; significant and relatively low-cost mitigation potential could help 

fund improvements in agricultural yield and the development of some related 

infrastructure; and a bioenergy industry could expand on both local and export 

markets.  Concrete actions for fisheries will not be detailed in this document as they 

are still unclear.  Designing suitable adaptation measures for fisheries requires 

additional research and monitoring on precisely how climate change affects them. 

                                              

25  FAO: 2003 productivity numbers. 

26  IPCC AR4; Working Group 2, chapter 9. 

27  Project Catalyst. 

28  IFPRI: An Agenda for Negotiation in Copenhagen, May 2009, Brief 2 (Agricultural Science and Technology Needs for 

Climate Change Adaptation and Mitigation, Rudy Rabbinge). 
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Develop a climate resilient agriculture by developing and climate-proofing 

agricultural productivity gains 

With rising climate pressure, additional supportðincremental to existing ODA 

commitmentsðis required to maintain Africaôs ambition to double agricultural 

productivity. Although many methods to increase agricultural productivity are not 

new to Africa, the adaptation debate could create additional momentum and generate 

specific responses to the changing climate stress, financed through the mechanism 

that will be negotiated at Copenhagen. The specific actions in response to climate 

change include: 

o Developing the capabilities of smallholders to implement agricultural 

techniques such as improved irrigation and optimised crop mix selection, 

and to capture low-carbon opportunities such as attracting financing for 

afforestation/reforestation; 

o Facilitating the selection, financing, and supply of climate resilient high-

yield crops adapted to the evolving needs of the population and the 

changing patterns of each region; 

o Providing the necessary financial safety nets to encourage adaptation 

investments; in Malawi, for example, small scale farmer insurance provides 

incentives to use more advanced farm inputs and techniques even if the 

harvest fails; 

o Developing irrigation and water collection technology to reduce the 

variability of the water supply. 
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IMPROVED RICE YIELDS IN MALI: Technology can help climate -proof 

agricultural productivity  

 

Context: Rice is one of the major crops grown in the Niger Delta region 

in Mali.  Traditionally the fields are either close to the river, or further 

away and irrigated by a network of rain collection systems, canals, and 

natural river overflow collection systems.  Both arrangements are 

vulnerable to extremes of precipitation.  If the flood is too severe, it 

washes away the seeds close to the river. If it is too mild. the fields 

further away do not get enough water.  Both kinds of impact are likely to 

be more frequent as precipitation becomes more variable.  

Project Description : The NGO CARE is addressing both issues by rehabilitating the system of 

dykes and canals along the river between Diré and Tombouctou.  It is also using motorized 

pumps to shoot water out of the river and into the irrigation canals.  The up-front investment is 

financed by the NGO and the villagers repay the óloanô thanks to the yield increase. 

Benefits: The project has improved agricultural productivity, increased climate resilience, and 

improved the living conditions of the local farmers: 

ð Improved productivity: The average yield using the new irrigation technique has trebled. 

ð Increased climate resilience: The new irrigation system improves access to water even with 

reduced rain fall. 

ð Improved living conditions: The control on water has allowed farmers to farm closer to the 

village, reducing the time they must travel to their fields (some of which were 15 km away). 

 Key success factors: 

ð Available funding: The NGO was able to provide the necessary resources for the up-front 

investment. 

ð Available technology: Technology (i.e., the motorized pump) even though rudimentary was 

crucial in the success of the initiative. 

ð Change management: Successfully running the project on the ground convinced the local 

farmers of the effectiveness of these new methods. 
 

Source: http://www.care.org 
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Mitigation opportunities in agriculture and forestry could generate substantial 

financial flows and other benefits  

The mitigation potential of Africa is important to the worldôs ability to contain global 

warming: by 2020, agriculture- and forestry-based mitigation in Africa could 

represent 1.2 Gt CO2e abatement potential (out of 17 Gt required globally and 19 Gt 

available globally),29 at an average cost of $10ï15 per tonne30 (compared with $19ï

38 per tonne for concentrated solar or $57ï76 per tonne for carbon sequestration in 

developed countries).31 Capturing Africaôs terrestrial carbon abatement potential, 

through Reduced Emissions from Deforestation and Forest Degradation (REDD), 

improved forest management, and afforestation/reforestation, could play an important 

role in achieving abatement objectives. 

Reduced Emissions from Deforestation and Forest Degradation represents the single 

biggest opportunity in carbon abatement for Africa (430 Mt CO2e by 2020, 670 Mt 

CO2e by 2030).32 Funding would be required to cover incremental opportunity costs 

of $9ï13 billion per year by 2030.33 This could significantly raise the overall value of 

Africaôs forest and land. Besides representing an important opportunity to secure 

funding for forests, REDD would offer other benefits by for example reducing 

peopleôs dependence on subsistence agriculture (slash and burn agriculture) and their 

use of trees as fuel wood. A sectoral approach for these issues will require financing 

to improve agricultural yields, the development of related infrastructure (e.g., roads 

or warehouses to underpin local food supply chains), and low-carbon energy sources 

such as sustainable biomass and solar energy. 

 

                                              

29  McKinsey Global GHG Abatement Cost Curve v2.0. 

30  Ibid; 2020 projections based on business as usual projections including $1.2ï6/tonne in transaction costs. 

31  Ibid; exchange rate assumed to be ú0.79/$1. 

32  Here, REDD includes improved forest management.  

33  McKinsey Global GHG Abatement Cost Curve v2.0 including $1.2ï6/tonne in transaction costs. 
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REDD (Reduced Emissions from Deforestation and Forest Degradation) in 

Madagascar: Forests can significantly contribute to development  

 

Context: Madagascar lost 8.6 percent of its forested surface area 

between 1990 and 2000, and the remaining forest is facing further 

exploitation and degradation. Deforestation has been mainly due to slash 

and burn agriculture and fuel wood collection. 

 

Project Description: The project aims to reduce deforestation and forest degradation of primary 

Malagasy forests and to reforest around 3,000 ha, creating a forest corridor to link fragmented 

habitats between the Analamazaotra Special Indri Lemur Reserve, the Maromizaha Private Forest 

and Mantadia National Park complex in east-central Madagascar. The project also aims to protect an 

area of 425,000 ha, reducing GHG emissions from deforestation and forest degradation (REDD).  It 

is managed by the Ministry of the Environment of Madagascar, with technical support from the 

World Bank, Conservation International, and ANAE (a local NGO). 

Benefits: This project has both socio-economic, mitigation, and financial benefits: 

ð Socio-economic Benefits: The project will create 200 jobs in the next 7 years. The project will 

also establish wood and fruit gardens, providing local communities in the project area with 

alternative livelihoods to slash and burn agriculture. 

ð Mitigation Benefits: Reforestation will sequester 0.4 Mt CO2e by 2017. Over 30 years it is 

expected to reduce carbon emissions by about 10 Mt CO2e a year.  

ð Financial Benefits: The credits generated by the project will be marketed in the voluntary 

market to generate additional financial flows. 

Key success factors:   

ð Alternative food and wood production techniques:  The projectôs success depends on providing 

and training local communities with alternative and sustainable techniques to produce fuel 

wood and agricultural products to supply their basic needs.  These techniques include 

sustainable forest management and cultivating fruit gardens. 

ð Adequate incentives: The additional financial flows generated by the voluntary carbon market 

will further compensate the local communities and incentivize them to preserve the forest. 
 

Source: http://wbcarbonfinance.org/Router.cfm?Page=BioCF&FID=9708&ItemID=9708&ft=Projects&ProjID=9638, Wendland, K.J., 

et al., Targeting and implementing payments for ecosystem services: Opportunities for bundling 
biodiversity conservation with carbon and water services in Madagascar, Ecological Economics (2009). 

 

http://wbcarbonfinance.org/Router.cfm?Page=BioCF&FID=9708&ItemID=9708&ft=Projects&ProjID=9638
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Afforestation/reforestation has a slightly lower mitigation potential of 260 Mt CO2e 

by 2020 and 520 Mt CO2e by 2030. It still represents an opportunity which would 

require funding of at least $5ï7 billion per year by 2030 to cover the opportunity cost 

of alternative uses.34   

Low-carbon agricultural techniques (such as low tillage techniques or shallow 

flooding of rice fields) have the potential to abate 460 Mt CO2e by 2020 and 750 Mt 

CO2e by 2030. Introducing them would require funding to cover the costs of $7ï8 

billion per year by 2030.35  However, action in this area is likely to be delayed by 

difficulties associated with agricultural mitigation, such as the fragmented farmer 

base and the difficulty of controlling and monitoring. 

REDD and afforestation/reforestation are also expected to provide additional benefits 

to the eco-system such as:  

o Water: Forests increase rain retention and slow down the flow of rain 

downhill. This reduces erosion and the risk of flash floods. And by 

increasing evapotranspiration, they speed up local water circulation.36 

o Biodiversity: REDD and afforestation/reforestation initiatives help 

maintain biodiversity by providing forested corridors between habitats and 

by protecting habitats for potentially endangered species.  

o Living conditions: Afforestation/reforestation combined with sustainable 

forest management can provide rural communities with local fuel sources.   

Development of a bioenergy industry in both local and export markets 

The emergence of a low-carbon alternative in the transportation and power sector at 

local and global levels could give Africa the opportunity to develop a climate 

compatible industry based on its natural assets.  Developing bioenergy gives access 

to energy at lower prices for the local economy.  The collateral improvements 

generated by developing the bioenergy industry include increased agricultural 

productivity and the development of infrastructure such as roads, warehouses, 

irrigation, and local climate measurement. At the same time, a net mitigation impact 

of 200 Mt CO2e would be registered for Africa.37  Improvements in infrastructure and 

in overall investor confidence in Africa plus changes in policies (especially around 

land tenure and planning, export/import taxes, and incentives), would greatly attract 

the private sector to this emerging economy.  Guaranteed off-take prices and support 

                                              

34  McKinsey Global GHG Abatement Cost Curve v2.0; $1.2ï6/tCO2e added for transaction costs. 

35  McKinsey Global GHG Abatement Cost Curve v2.0, adding $1.2ï6/tonne in transaction costs 

36  Evapotranspiration is the sum of plant transpiration and water evaporation from the earthôs surface into the atmosphere 

37  McKinsey: Biofuels 2.0ðRegional Perspective on Africa 
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for up-front investments would encourage local smallholders and communities to 

invest. However it is critical that the development of this new industry is done in a 

sustainable way, bearing in mind possible water and land constraints.  On top of 

increasing agricultural productivity, defining the right policies and regulatory 

frameworks is critical to ensuring adequate food supplies for the local population.  

Estimates indicate that Africa has the potential to produce up to 20 billion gallons of 

biofuels per year by 2030, 38  sustainably and without replacing existing food 

production, by using marginal land, developing algae cultivation, driving yield 

improvements across all crops, and using biomass residues combined with second 

generation biofuel technologies. 

Support  is required to develop agricultural and forestry 

opportunities 

To implement the agriculture and forestry opportunities will require significant 

support, which could come through a global deal on climate change.  The deal could 

include a perspective on the adaptation and mitigation funding levels and on the 

conditions a country would need to meet to benefit from these funds.  A deal would 

both enable appropriate sources that could provide funding on the short term and 

scale up over time, and foster the conditions that will encourage countries to embark 

on a low-carbon growth pathway. 

Appropriate funding covering both adaption and mitigation, scaled up over time 

A phased approach could allow predictable, reliable financing of the different stages 

of adaptation and mitigation, and could provide immediate funding for early action. 

For mitigation, short-term (now until 2015) financing may need to include 

emergency money of $100ï800 million spread over five years to develop 

REDD/adaptation strategies and build up capabilities, including MRV.
39

  In the 

medium term (2015), significant transition fundingða minimum of $4.5ï6.9 billion 

a year based on opportunity costsðwould be required.
40

  This would finance 

different mitigation measures including afforestation, reforestation, and REDD.  The 

payments could be tied to policy implementation until a long-term market approach 

is defined.  Transition money would be accessible to countries with the 

understanding that they would eventually graduate to a performance-based approach. 

                                              

38  Assuming that 15 biofuels projects are started every year.  Each project includes 50,000 ha and a bio-ethanol plant, and 

it will produce 100 million gallons of ethanol a year.  A project will ramp up in 5 years. 

39 Al ison Hoare, Thomas Legge, Ruth Nussbaum and Jade Saunders. Estimating the cost of building capacity in rainforest 

nations to allow them to participate in a global REDD mechanism. Assumes $14ï92 million per country.  Countries 

include Cameroon, Congo Brazzaville, Democratic Republic of Congo, Equatorial Guinea, Gabon, Ghana, Liberia, and 

Sierra Leone.  

40  McKinsey Global GHG Abatement Cost Curve v2.0, adding $1.2ï6/tonne transaction cost. 
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Longer term (2030), performance-based, market-type funding would need to cover 

incremental opportunity costs of $14.5ï20.5 billion per year for forestry only.
41

   

To support adaptation in the medium term, funding will be required for capability 

and knowledge building measures.  However, detailed sectoral estimates on the level 

of funding required are not available and the medium-term adaptation costs are 

included in a general figure of $1ï2 billion per year.  This would cover capability 

building, education, disaster management, and urgent adaptation actions as described 

in the UNDP report across the different sectors.
42

  In the long term (by 2030), 

incremental costs are forecast to be about $1 billion a year.
43

  This includes extra 

capital investment at farm level, improved extension services at country level, and 

part of the cost related to additional global research (e.g., on new seeds). 

In addition, land-use based mitigation potential (REDD and A/R for now, agriculture 

later) as well as the adaptation measures linked to agriculture, will need funding, 

possibly through carbon markets or other levies. Last, carbon financing could be 

allocated on the basis of a stock-flow44 type of financing mechanism to reward both 

the reduction of deforestation and the conservation of forest stock; both those 

countries with low past deforestation and those that reduce future emissions would be 

rewarded. 

Create the right conditions to support countries to towards a low-carbon growth 

pathway beyond financing requirements 

A deal that fully supports agriculture for Africa would include elements to facilitate 

the bioenergy trade, allowing export markets to develop.  It would create access for 

African nations to critical technologies related to agriculture.  The remit of 

technology funds currently considered for other mitigation technologies (like the 

power sector) should be extended to agriculture technology (climate resilient crops, 

irrigation tools).  Lastly, a deal should include capability building support to train 

farmers in African rural areas to use the best agricultural techniques and to give them 

access to the agricultural markets that would incentivise higher productivity and 

production of surplus. 

Initiatives outside the global deal 

African countries can undertake a series of actions to kick-start this effort and to 

demonstrate their determination to seize the opportunity. These actions could include 

                                              

41  Ibid., assuming  $1.2ï6/tCO2e transaction cost.  

42  Include preparation and disaster management calculated by scaling the costs of NAPAs and PPCRs by GDP (min) and 

Population (max). Also includes additional UNDP costs included based on ODA flows. 

43  UNFCCC global estimate scaled to Africa, includes only agriculture 

44 Refers to carbon financing mechanisms that consider both standing forest stock and reduction in deforestation activity 
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settling land title issues to grant land access to commercial and smallholder farmers; 

this would incentivise small farmers to make longer-term investments on their plot of 

land and would encourage commercial farmers to increase their activity in Africa.  

Another action that could taken early is to develop a  new land use allocation strategy 

that balances conflicting interests (e.g., REDD, bio-fuel production, and food 

production).  Countries could also reduce trade tariffs related to agricultural exports 

from Africa. In addition, African countries could continue to work to improve the 

general investment climate in order to encourage private investmentsðnot only for 

climate change initiatives, but for the benefit of all its development needs. 
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4.2 WATERðPROMOTING GROWTH AND  DEVELOPMENT BY 

REDUCING WATER SCARC ITY   

Challenges lie ahead for water, Africaôs most necessary input to social and 

economic development 

Water is the most essential productive input for Africaôs social and economic 

development, and it faces quantity and quality challenges 

Water provides for domestic life (drinking, washing, cooking), agriculture (both rain 

fed and irrigated) and industry (as a coolant and as an ingredient in its own right). 

Water shortages have multiple impacts ranging from poor agricultural yields to 

unreliable power generation to compromised healthcare. This is reflected in how 

vulnerable some African economies are to rainfall patterns (e.g., Ethiopia), and in the 

central role that water plays in meeting the Millennium Development Goals for 

health, agriculture, infrastructure and education in Africa.  

African countries often face both water scarcity and poor water quality. Water 

scarcity is defined as a gap between demand and total supply demand in a given 

basin. 45  Water quality challenges, generally coupled with insufficient access to 

sanitation, are defined as a lack of infrastructure to deliver potable water. These two 

challenges are closely linked, as failure to address water scarcity will make access to 

potable water and sanitation harder and more expensive. (For example, water scarcity 

reduces the dilution capacity of rivers, and thus makes water treatment more 

expensive.) This section will focus on the resource scarcity challenge; sanitation 

issues will be addressed in the urban infrastructure chapter. Access to potable water 

is not addressed in this paper. 

 

                                              

45 Water demand is defined as the water withdrawals that would be necessary to satisfy the needs of agriculture, industry 

and municipal use given certain efficiency levels. Water supply is the amount of water that is available, reliable and 

accessible through infrastructure in a given basin, and is therefore restricted both by climate and supply infrastructure. 

SUMMARY OF WATER SECTOR ACTIONS 

¶ Make strategic development choices that reflect water demand and supply given 

forecast precipitation and climate changes 

¶ Factor climate change into design and planning of water efficiency across 

sectors such as with water-efficient irrigation for agriculture 

¶ Climate-proof existing and new water supply infrastructure such as increasing 

water storage capacity 

¶ Leap-frog to new water supply solutions that save both energy and carbon such 

as solar powered water pumps 

s 

¶  
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Many parts of Africa are exposed to water scarcity, driven by increasing demand and 

limited supply 

There is an increasing imbalance between water supply and demand.  Lack of water 

already constrains economic growth.  For example, Kenya suffered a 16 percent fall 

in GDP as a result of the 1998ï2000 drought and an 11 percent fall in GDP as a 

result of the 1997ï1998 floods, partly because the country was unable to store and 

distribute water efficiently for irrigation and hydropower production. 46  Without 

further investments in supply infrastructure, demand management, or water transfers 

(where relevant), the added basin-by-basin gaps between water supply and demand in 

Africa could amount to 420 km
3
 by 2030, leaving 60 percent of implicit water 

demand unmet, and hindering human and industrial development.47  
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Without further investment in water supply, demand management, or water 

transfers, by 2030 Africa could leave 60% of its water demand unmet

* Including livestock

SOURCE: McKinsey Global Water Supply and Demand model, agricultural production based on IFPRI computed general 

equilibrium model base case

Projected water demand and supply in Africa by 2030
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Take-aways

ÅWater demand is expected to 

grow substantially in Africa 

driven by population growth 

and economic development

ÅWithout further investment in 

supply infrastructure and 

demand efficiency, many 

African countries will suffer 

from water scarcity: the sum 

of African water gaps could 

add up to ~420 km3 of water 

by 2030, equivalent to ~60% 

of the projected water demand

ÅWater scarcity could be 

especially noticeable in East 

and West Africa

ESTIMATES EXCLUDE ANY 

CLIMATE CHANGE EFFECTS

 

The main driver of this water gap is growing demand. Although some countries 

suffer from physical water scarcity, a significant amount of Africaôs water scarcity is 

economicðthe insufficient development of infrastructure to store and distribute 

waterðand this will increase with growing water demand, driven by population 

growth, dietary changes, and industrialization. The capital-intensive nature of water 

                                              

46 Economic Commission for Africa 2008 

47 McKinsey Global Water Supply and Demand model, agricultural production based on IFPRI computed general 

equilibrium model base case 
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provision (e.g., building dams, maintaining infrastructure, managing agricultural 

water use) has led to insufficient investment to cope with demand growth.  

Additionally, water supply infrastructure is inadequate in many parts of Africa. The 

majority of developing countries have built only a fraction of the infrastructure 

needed to cope with existing climatic variabilityðfor instance Ethiopia has only 

165 m
3
 of water storage per capita (including the new Tekeze dam on the Atbara 

River) compared with 4,500 m
3
 in Australia, a country with similar climate 

variability.48 Less than 6 percent of Ethiopiaôs irrigable land is under irrigation, 

whilst figures for neighbouring Sudan are 14 percent and for Madagascar, 

32 percent.49 To achieve the 750 m
3
 per capita level of South Africa would cost 

Ethiopia around $35 billion, or five times its current GDP, but this could be 

recovered within a few decades.50 

Finally, Africaôs limited groundwater resources heighten the challenge.51  

Groundwater is often used as a ówater bankô that can be pumped to buffer against 

rainfall variability, and provides water to dry areasðfor example, 74 percent of water 

demand in the Gulf Cooperation Council countries is met through groundwater 

pumping.52 Although sources of groundwater in Africa deserve further research, their 

potential may be more limited than in other areas because large parts of the African 

continent are underlain by basement rock complexes with limited water storage 

potential.  This leaves Africa in a more vulnerable situation than other areas of the 

planet to meet its water demand if rainfall patterns reduce water availability.  

Climate change may worsen water scarcity through higher average temperatures, 

greater variability, and in certain areas a decrease in rainfall  

Global climate models agree that average temperatures will rise in Africa, increasing 

water demand in all sectors (for example, to compensate for more evapo-transpiration 

in agriculture, or to provide more cooling in industry). Under the medium-high 

emissions scenario53 used with 20 General Circulation Models (GCMs) for the period 

2080ï2099, annual mean surface air temperature in Africa is expected to increase 

between 3 and 4°C compared with the 1980ï1999 period, with less warming in 

                                              

48 Review of hydrological issues on water storage in international development. Centre for Ecology and Hydrology, British 

Geological Survey, March 2009 

49 FAO data 1987 

50 Review of hydrological issues on water storage in international development. Centre for Ecology and Hydrology, British 

Geological Survey, March 2009 

51 Groundwater refers to water from runoff naturally filtered and stored in the ground 

52 UN FAO Aquastat country profiles 2000 

53 SRESA1B, see the Special Report on Emissions Scenarios: Nakiĺenoviĺ et al., 2000 
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equatorial and coastal areas.54  Models also predict higher climatic variability and 

more frequent and intense extreme events.55 Increasing droughts will threaten water 

supply and increase water demand (e.g., for irrigation). Other extreme events such as 

floods are likely to threaten water supply infrastructure (e.g., by destroying small 

reservoirs). 

Finally, although climate models disagree on future rainfall patterns in Africa due to 

the technical difficulties of predicting their drivers,56 it is expected that the driest 

parts of Africa will experience a decrease in annual rainfall, which would likely 

decrease water supply. For example, with the SRES A1B emissions scenario and for 

2080ï2099, mean annual rainfall is very likely to decrease by 20 percent along the 

Mediterranean coast, in the northern Sahara, and along the west coast, but is likely to 

increase in tropical and Eastern Africa (around 7 percent), while austral winter (June 

to August) rainfall will very probably decrease in much of southern Africa, especially 

in the extreme west (up to 40 percent).57  
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Climate change will have a number of effects on South 

Africaôs water situation

SOURCE: X.Cai ïUniversity of Illinois, Weather stations in South Africa, Team analysis

1 Typical change, there were outliers beyond this range

-9 to +4%

5 to 15%

-4 to -20%Effect on yield 

of rain-fed ag.

ǐLimits the ability of rain-fed agriculture to respond 

to yield-increasing levers such at improved 

fertilization and IPM

ǐImplies that additional imports will be required to 

meet domestic crop demand

Accessible supply 

from existing 

sources

Irrigated ag. 

demand

Expected 

change1, (%)

Description of effect and variance across 

South Africa

ǐThese numbers come from the effect seen on 

effective rainfall

ǐTrue accessible supply impact may vary slightly 

by basin depending on storage capacity

ǐGiven likely temperature and rain-fall impact, this 

is expected to increase uniformly

ǐThis varies by crops and region, with crops like 

fruits and nuts being some of the hardest hit

 

                                              

54 IPCC: Boko, M., I. Niang, A. Nyong, C. Vogel, A. Githeko, M. Medany, B. Osman-Elasha, R. Tabo and P. Yanda, 

2007: Africa. Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the 

Fourth Assessment Report of the Intergovernmental Panel on Climate Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, 

P.J. van der Linden and C.E. Hanson, Eds., Cambridge University Press, Cambridge UK, 433ï467 

55 Ibid. 

56 IPCC (see above) 

57 Christensen et al., 2007 
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Addressing these incremental stresses will require additional expenditure in water 

infrastructure and management  

First, more funds are required to provide additional water, either through increased 

supply infrastructure (e.g., building an additional dam) or greater water demand 

management (e.g., more efficient irrigation systems). As countries make additional 

efforts to increase water provision, they generally incur higher average costs, given 

that the water supply cost-curve tends to be steep. The UNFCCC estimates the 

additional costs of water supply due to climate change could be worth $3 billion per 

year by 2030 in Africa.58 

Second, water supply infrastructure will become more complex in order to cope with 

greater climate uncertainty. For example, the capacity of new dams is traditionally 

calculated to reflect historic rainfall and variability, but as climate change makes 

future rainfall patterns less certain, new techniques are needed to estimate the 

capacity for future infrastructure. The additional costs of more complex infrastructure 

have not been estimated for Africa but they could increase the cost of water provision 

substantially, depending on how climate change evolves.  

Africaôs water sector development could align with global GHG mitigation efforts. 

While building new and more complex water provision infrastructure and technology, 

African countries may have a choice to prioritise, where possible, low-carbon 

solutions to avoid net increases in GHG emissions. The additional costs of low-

carbon water provision have not been estimated for Africa so far. 

Opportunities for Africa to close its water gap in a climate-compatible way  

Given the right level of prioritization and funding, the additional challenges imposed 

by climate change on water could be addressed in four main ways: 

¶ Integrate climate change considerations into strategic economic choices that 

influence water demand and supply; 

¶ Integrate climate change considerations into design and planning of water 

demand management and efficiency in agriculture, industry, and 

municipalities; 

¶ Develop and climate-proof new water supply infrastructure; and 

¶ Explore alternate technologies, instead of using energy- and carbon-intensive 

water technologies 

                                              

58 UNFCCC estimates 
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Many of the most appropriate actions for each country or region are well known and 

already form part of existing water development plans. Experience in places such as 

Ethiopia shows that successful water development plans integrate combinations of 

these actions. (See case example below.) The challenge in future will be to reassess 

existing water development plans in the light of climate change, which may result in 

a new prioritization of actions as their potential, suitability, or cost changes. 

 Integrate climate change considerations into strategic choices that influence water 

demand and supply 

Many strategic decisions are made that influence water supply and demand and the 

boundaries within which they can be managed. For example, the mix of activities and 

production in a basin influences water demand and can be readjusted according to 

available resources. This is true for trade decisions (e.g., how much food to produce 

internally, to export, or to import), for crop mix choices (e.g., whether to produce rice 

or maize). As an example, Australia stopped its rice production (formerly an export 

industry) due to water scarcity. 

 Integrate climate change considerations in design and planning of water demand 

management and efficiency in agriculture, industry, and municipalities 

First, increasing the efficiency of water use in major demand sectors (agriculture, 

industry, and municipal) reduces demand and often brings other economic benefits. 

For example, using drip irrigation instead of traditional flood irrigation in agriculture 

can reduce water usage by 75 percent while saving labour and fertilizer costs. 

Secondly, increasing productivity across sectors can increase the output per unit of 

water usedðfor example, methods to increase agricultural crop yield, such as the use 

of organic fertilizers, can meet the same food demand without necessarily increasing 

the surface areas to be irrigated (and may also reduce carbon emissions if replacing 

mineral fertilisers). 

Develop and climate-proof new water infrastructure  

New water infrastructure could include building additional storage and buffering 

capacity through both large and small dam projects, and combining water storage 

with hydro power generation. Currently only 7 percent of Africaôs hydro power 

potential is developed.59 However, large-scale projects have been identified in the 

Nile, Niger, Congo, and Limpopo rivers. In addition to securing the investment 

required to build and climate-proof such projects, Africa needs an investment in 

knowledge to understand the potential impact of climate change on water patterns, 

                                              

59 IHA, 2008a 
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and the connection to future regional energy demand pools which may look very 

different from today. 

 

 

 

 

 

Explore alternate technologies, instead of using energy- and carbon-intensive water 

technologies 

Recognizing that development and adaptation are the main priority, there is also an 

opportunity to avoid energy- and carbon-intensive water supply technologies without 

necessarily paying a premium for other options. African countries could both avoid 

locking in high carbon solutions and benefit from their assets.  Some examples 

include using modern, renewable technologies to power up desalination plants, or 

promoting reliable, familiar mechanical pumps (e.g., manual, pedal, animal traction) 

to access groundwater.  

WASTE WATER TREATMEN T AND RECYCLING : Motse 

Wa Badiri Camphill in Otse, Botswana 

 

Context: Inadequate waste water management and handling at 

Camphill currently threatens the Otse aquifer with serious pollution 

that could render it useless for human consumption.  

Project: The project aims to reduce the threat of pollution to the Otse aquifer from Camphill by 

constructing a wetland to treat waste water. The treated effluent will be used for irrigation. 

Affordable and environmentally sound technology will be introduced to prevent contamination. The 

project will empower the Camphill community to manage their waste water resources effectively 

through pollution prevention and waste water recycling. As the Camphill community is largely 

people with disabilities, the skills acquired from the project are crucial in the economic generating 

activities of the centre. 

Benefits: Because waste water recycling will mean less fresh water needs to be extracted, the project 

will have the additional benefit of reducing the stress placed on the aquifer and hence prolonging its 

lifetime. 

Source: UNDP 
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Africa can create an enabling environment to reduce climate impacts on water  

Water adaptation is a complex problem that needs to be addressed at local, national, 

and international levels. At the national level, planning and policy integration is 

critical, whilst internationally, support can be provided to African countries through 

existing development mechanisms, the UNFCCC climate negotiations, and other 

broader discussions such as trade. 

Strong national policy and integration with other climate-affected policy areas is 

essential 

Good water regulation and governance can drive a virtuous circle of investment in 

water infrastructure and efficiency. For example, establishing prices that allow for 

full  cost recovery helps maintain water infrastructure, saving water and providing it 

where needed. However, transforming a regulatory system is usually long and 

DEVELOPING ETHIOPIA ôS HYDROPOWER: WATER AND ENERGY 

BENEFITS 

 

 

Context: Ethiopia suffers from an already highly variable climate.  

GDP growth fluctuates with rainfall. Very limited water storage 

constrains growth to one-third of its potential. Only 1 percent of the 

30ï40 GW of hydropower potential has been developed. There is a 

history of tension with downstream states over development of 

Nile. Climate change impacts are uncertain, but there is a general 

indication of increasing run-off.  

Projects: Joint feasibility studies with Sudan and Egypt are already underway to develop multi-

purpose water storage on the Blue Nile for irrigation, industry, power, and flood protection. 

Development of a wider network of dams and reservoirs to meet local and national demand for water 

and power and to link to regional food and power markets is still needed.  

Benefits: Better water storage would help expand the Ethiopian economy and reduce poverty by 

improving agricultural productivity and making water available for small and large-scale industry. 

The projects would meet the demand for power within the country (currently about 90 percent 

unmet) and would generate income from power exports into regional markets.  

Major constraints: Although there are improvements in relations over water thanks to the Nile 

Basin Initiative, tensions remain over the development and use of the Nile headwaters.  Progress 

requires negotiation with neighbouring countries. Environmental and social assessments associated 

with large infrastructure provision needs to be improved and this requires capacity-building. 

Financing large-scale infrastructure will require access to capital markets. 

Source: World Bank, DFID 
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complex, and may encounter strong political economy barriers, for which countries 

may welcome external support (e.g., many farmers cannot afford to pay the true cost 

of water). 

National water planning and management is integrally linked to other policy areas 

such as energy, agriculture, infrastructure, and trade that are also affected by climate 

change. Priorities may shift as different sectors are constrained to adapt to climate 

change or take the opportunity to capture the benefits of mitigation efforts.  For 

example, national energy plans may increasingly prioritize clean sources of energy, 

thus reinforcing the need for hydropower dams, and deprioritising high-energy 

choices like desalination or fuel-based water pumping.  

Countries are likely to need support to cover water adaptation costs 

By 2030, adaptation costs in the water sector have been estimated at least $3 billion 

per year for the provision of additional water (through more water infrastructure or 

water efficiency technologies).60 Funding is likely to be needed to help cover short- 

and long-term water adaptation priorities in addition to those already outlined in the 

country National Adaptation Programmes of Action (NAPAs).  

Near term (2010ï2015) water adaptation priorities include initial financing to 

climate-proof existing plans and invest in research and capability building.  The near-

term financing requirement to review and climate-proof existing water infrastructure 

plans have not been quantified.  In addition to providing financing for incremental 

costs, loan and guarantee mechanisms need to be set in place or reinforced to support 

the higher up-front investments needed for more complex infrastructure, efficiency, 

and productivity efforts across sectors. 

Additional support may also be required for investing in knowledge and local 

capability building in the following areas:  

o Scientific research to close existing knowledge gaps, such as mapping 

groundwater resources, improving research on the impacts of climate 

change on water in Africa, and developing new methodologies for 

infrastructure design to account for variability and uncertainty  

o Economic research to help set priorities within the four categories 

(strategic choices, water efficiency, productivity, and water supply) given 

climate change impacts  

                                              

60 UNFCCC estimates scaled down for Africa 
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o Technological capability building to help countries develop sufficient skills 

to deploy and maintain new technology (e.g., solar water pumps) while 

capitalising on Africaôs competitive labour costs and creating jobs  

o Financial capability building to train African actors on how to draw on 

international funding opportunities such as adaptation-specific funds  

o Policy and institutional capability building to support African governments 

that engage in water regulation and institutional transitions or that deal with 

difficult political and economic issues  

An institutional framework for delivery of support that suits Africaôs needs will also 

be required. The mechanisms defined to allocate adaptation funds need to take into 

account the higher risks of investments and greater unpredictability of the financial 

needs for adaptation in the water sector. Risk and variation occur because it is 

difficult to predict climate change impacts and to plan accordingly; money may not 

be spent on the right priorities or the financial requirement may grow or shrink over 

time as climate impacts occur and needs are re-assessed. 

International efforts to meet existing water-related development goals and improve 

collaboration on water-related issues would help the water sector adapt 

Meeting existing development goals relating to access to water would go a long way 

towards successful adaptation to water scarcity. Bi-lateral agreements and 

development agencies play a major role in the development of Africaôs infrastructure, 

especially water infrastructure. Meeting development goals would reduce Africaôs 

vulnerability to water scarcity in general, as well as reducing the complexity and 

costs of the additional adaptation efforts needed in the sector. 

International and regional co-operation will be needed to mobilise and coordinate 

increased research, capabilities and technology in the water sectorðfor example, to 

foster more complex infrastructure projects. This could be achieved through bilateral 

or multilateral co-operation agreements.  

Strong transboundary water management agreements will be needed to ensure a fair 

and optimal distribution and management of shared resources. For example, the Nile 

Basin Initiative is promoting the sharing of benefits from water between the nine 

countries that share the waters of the river Nile. Regional agreements in other sectors 

may also have major impact on water demand. Regional energy agreements are 

essential to foster more complex infrastructure projects such as hydropower dams 

that may both draw on regional water resources and supply regional energy demand 

pools. (For example, the Grand Inga dam in DRC would not be viable without 

regional cooperation, as noted in box on page 47) Similarly, regional trade and food 

agreements will affect agricultural demand and therefore water demand and virtual 
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water flows. For example, lower barriers to agricultural trade within Africa could 

allow each country to export and import the most appropriate crops given its 

resources and climate. 
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4.3 ENERGYðEXPANDING ENERGY ACC ESS IN AFRICA THROUG H 

CLIMATE COMPATIBLE T ECHNOLOGIES  

Challenges lie ahead for access to energy  

Improving access to secure and sustainable sources of energy is central to achieving 

the MDGs.61  Electricity is essential for the provision of basic social services, 

including education and health, and also for powering machines that support income 

generating activities that tend to reduce poverty. Energy access goals are important, 

they are integrated into national and regional development strategies and budgets. 

However, despite progress, more needs to be done to increase access to electricity 

and other sources of energy in Africa. 

Electricity supply in most of sub-Saharan Africa is likely to remain insufficient 

There are large disparities in the installed electrical capacity in Africa; current 

installed capacity covers only about 35 percent of the population on average,62 but in 

Northern Africa it is nearly 100 percent, while in Chad it is 3 percent. Of the total 

110 GW capacity in the continent, only around 28 GW are in sub-Saharan Africa 

(excluding South Africa) which, for comparison, is just about equivalent to the 

capacity in Argentina. Population without access to electricity is not only constrained 

in its development, but also exposed to higher security and health risks as it usually 

relies on alternatives such as kerosene and candles for lighting. 

Africaôs overstretched electricity systems have become exceedingly vulnerable to 

supply shocks, resulting in widespread outages and load shedding. Additionally, 

power supply is often unreliable as a result of aging infrastructure, poor maintenance, 

and inefficient transmission grids; a quarter of plants in sub-Saharan Africa are 

currently not in operating condition. 

 

                                              

61 UNDPðCommonwealth Finance Ministers meeting, 2006 

62 IEAðWorld Energy Outlook 2008 

SUMMARY OF ENERGY SECTOR ACTIONS 

¶ Deploy on-grid renewable technologies, primarily solar and hydro, which build 

on natural assets and can help meet the growing power demand  

¶ Develop off-grid renewable power and cooking/ heating technologies with co-

benefits for development 

¶ Support energy efficiency programmes through capability building and 

knowledge sharing 
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Generating capacity and electrification has been stagnant for many years, with 

growth rates barely half those in other developing regions.63  Business-as-usual 

projections forecast capacity increases up to approximately 260 GW by 2030, mostly 

from coal and gas additions.64 This could expand electricity coverage to nearly 70 

percent of Africans but would still exclude large rural areas in sub-Saharan Africa (8 

percent electrification expected in Chad by 2030, 28 percent in Mozambique).  This 

increase in capacity will require long-term investment of over $200 billion and 

require strong private sector involvement to deploy, build, operate and maintain these 

investments. 

W
o

rk
in

g
 D

ra
ft -

L
a

s
t M

o
d

ifie
d

 2
8

/0
4

/2
0

0
9

 2
0

:0
0

:0
7

P
rin

te
d

 2
8

/0
4

/2
0

0
9

 1
1

:4
7

:0
2

|
Source: EIA, with adjustment from UDI; team analysis

Installed capacity
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ǐAlmost 80% of installed capacity is concentrated in Northern Africa, 

South Africa, and Nigeria

ǐThree-quarters of the electricity produced comes from thermal power 

plants (coal, natural gas, and gas fired power plants)

18

45

11

34

10

221715

2

Total 

Northern 

Africa

1

37

12

24

Nigeria

2

6

Other SSA

39

2

Total SSA

6

3

Egypt Algeria

2

Other 

Northern 

Africa

52

41

2

110

South Africa

Hydro

Coal

Other

Other 

thermal

Total 

Africa

19

x % of total capacity

Current installed capacity in Africa is concentrated in a few countries

6 13 37 37 5 21 63

2

40

37

20

 

Non-electricity energy supply is largely met with unsustainable biomass collection in 

sub-Saharan Africa, leading to forest degradation and impacting health 

About 75 percent of the population of sub-Saharan Africa currently relies on fuel 

wood and charcoal for cooking.  This is even higher in some countries (97 percent in 

                                              

63 Yepes, Pierce, and Foster, 2008 

64 IEAðWorld Energy Outlook 2008 
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Chad, 80 percent in Congo).65 Although reliance on fuel wood is expected to 

diminish in relative terms (around 57 percent of the sub-Saharan Africa population 

will use it by 203066), the absolute number of people relying on biomass in sub-

Saharan Africa is projected to increase to around 1 billion, consuming nearly 550 

million m
3
 of fuel wood per year by 2030.67 Reliance on fuel wood for energy tends 

to put significant pressure on forests as these are seldom managed in a sustainable 

way. In addition, it puts a large collection burden on the population, especially 

women and children, and causes death and disease through smoke inhalation.   
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Libya

Tunisia

Algeria

Morocco

Western Sahara

Guinea Bissau

Mauritania

Egypt

Chad

Niger
Eritrea

Sudan

Central African 

RepublicNigeria

Mali

Senegal

Liberia

Togo

Cameroon

Ethiopia
Somalia

DjiboutiGambia

Sierra Leone

Guinea

Ivory 

Coast

Benin

Zaire

Uganda

Gabon
Kenya

Burkina

Ghana
Equatorial 

Guinea

Congo

Rwanda

Tanzania

MozambiqueAngola

Zambia

Burundi

Malawi

Madagascar
Botswana

Zimbabwe
Namibia

South Africa

Lesotho

Swaziland

Africa harvests around 630 million m3 annually, mostly as fuelwood
Forest biomass supply 2005, million m3

Tanzania

2

22Fuelwood

Industrial wood

24Total

12Fuelwood

18Industrial wood

30Total

South Africa

1

17Fuelwood

Industrial wood

18Total

Mozambique

562Fuelwood

66Industrial wood

628Total

Africa

437Fuelwood

40Industrial wood

476Total

Rest of Africa*

* 68% of remainder coming from Ethiopia, Nigeria, Uganda, Kenya, Ghana, Sudan, Egypt, Guinea, Bukino Faso and Cameroon
Source:FAOSTAT, FAO
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4.7Total
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Climate change could increase pressure on the main energy sources in Africa  

Climate change could pose three main challenges to broadening energy access and 

security in Africa. Firstly, some water-intensive power sources (especially 

hydropower) may become increasingly unreliable in certain areas: for example, 

                                              

65 IEAðWorld Energy Outlook 2008 

66 Ibid. 

67 Scaling up Bio-Energy in Africa (AFREPREN/FWD 2008) 
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hydropower in southern Tanzania is vulnerable to increasingly frequent droughts, 

which dry out the rather small rivers. Predicted reductions in average rainfall in some 

areas may also reduce the number of viable sites for hydropower, reducing the 

overall potential of hydro as an energy source.  This is a direct, weather-related 

pressure on energy. 

 

 

McKinsey & Company 1
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Tanzania electric supply is threatened by low maintenance and droughts, 

affecting the entire economy

SOURCE: UDI; Press search; World Bank

Development challenge: Tanzania electric capacity is tight

Installed capacity, supply and demand

MW, %

787
595325 192

920

Unserved

demand

63

Current 

available 

capacity

Unavailable 

capacity

37

Installed 

capacity

Peak 

demand

Growing 10-

15% annually

Adaptation challenge: droughts put the country under pressure

ǐRegular power cuts since 2006 because of drought 

ï Up to 8 hrs of cuts per day in certain areas 

ï January 31, 2006: the countryôs six hydropower plants were 

generating only 167.5 MW, or less than 30% of capacity

ï February 26, 2006: generation further declined to 50.5 MW 

(less than 10% of capacity) and Tanzania began to rely on 

natural gas from the island of Songo Songo and diesel

ǐSevere impact on industry during 

load shedding:

ï 31% of GDP is generated by 

sectors impacted by power cuts

ï 60% of firms have their own 

generator (high cost) 

ï Others are forced to stop 

production

ǐMassive investment needed to 

mitigate the risk in the future: 

ï ñTanzania needs about $1,5-

billion over the next five years to 

revamp its power sectorò-

Tanzania Ministry of Energy and 

Minerals

ï President Kikwete announces 

plans to generate 200 MW of 

electricity from coal and build a 

natural gas plant in Songo

Songo to generate an additional 

300 MW of electricity

Hydro

Thermal

Tanzaniaôs economy is impacted

 

Secondly, global concerns around climate change will increase the value of Africaôs 

forests as a major global carbon sink and source of biodiversity (see agriculture and 

forestry section of this document). Africa currently represents 16 percent of global 

greenhouse gas emissions. If global actions were taken to curb emissions, preserving 

and increasing forest areas would represent a significant source of funding.  This 

could create a potential tension between the continued increase in demand for fuel 

wood as a source of energy, and the desire to protect Africaôs forests. The 

development of alternatives to unsustainable fuel wood would help African nations 

that might choose to earn income via avoided deforestation or reforestation. 

Finally, to meet development needs without locking in new high carbon 

infrastructure, African nations may want to find low-carbon power generation 
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options and to improve inefficient transmission grids and appliances.  Although 

Africa is only responsible for about 3 percent of the worldôs GHG emissions, as it 

develops it risks locking in carbon-intensive energy infrastructure. For example, 

South Africa is building 9.6 GW of coal-fired generation before 2015 and projects in 

the design phase could account for 23 GW of natural gas generation by 2030 in the 

continent.68 As a result of these trends, African GHG emissions from the power 

sector alone are projected to increase from their current 400 Mt CO2e to 630 Mt CO2e 

by 2030.69  

Opportunities to broaden access to secure energy supplies and at the same time 

to avoid carbon-intensive technologies  

There are a number of opportunities for African countries to broaden access to 

energy supplies, in a sustainable and climate-compatible way. These include 

developing major on-grid hydro, solar renewable power, and geo-thermal power 

where applicable; rolling out smaller-scale off-grid renewables particularly in rural 

areas; substituting fuel wood with more sustainable heating and cooking sources; and 

implementing energy efficiency programmes, especially in transmission and 

distribution.  

These opportunities take advantage of Africaôs natural resources, offering energy 

security at competitive cost as technologies improve, and could access international 

climate funding to support their deployment. Overall, clean power sources could 

contribute at least an estimated 325 Mt CO2e by 2030 to global GHG mitigation 

efforts, with appropriate funding support required to cover an annual incremental cost 

of around $8.9ï10.5 billion (relative to a baseline mix of coal and gas generation).70   

As well as broadening energy access, there is growing evidence that these 

investments create more growth and jobs than higher-carbon choices for an 

equivalent unit of capacity when the overall value chain is considered.  Research in 

to employment in the solar industry, for example, found that it can contribute to job 

creation.71  Therefore, African countries with an attractive environment for investors 

and a demand for clean technologies could attract manufacturing facilities across the 

value chain and could generate growth and employment. 

 

                                              

68 EIA; UDI 

69 IEA 

70 McKinsey Global GHG Abatement Cost Curve v2.0, (including nuclear in South Africa, not including off-grid 

electrification nor avoided deforestation from substitution of fuelwood) 

71 UC Berkeley study 
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Break-down of potential and cost of clean technologies for Africa in 2030

* Includes CCS, shift of coal to gas, biomass co-firing and biomass CCS 

** McKinsey estimates assuming solar home systems 

SOURCE: McKinsey GHG Abatement cost-curve 2.0
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1. Developing major on-grid renewable power 

Africa has abundant solar, wind and hydrological resources that could be used to 

generate renewable electricity. Some areas like Kenya also offer substantial potential 

for geothermal power. Large hydropower and solar are estimated to have the largest 

potential across Africa. 

Estimates indicate that hydropower may be Africaôs highest-potential clean energy 

source. Current installed capacity amounts about 22 GW, which according to 

different studies represents between 7 and 20 percent of the total theoretical 

hydropower potential in Africa.72 Four main sites have been identified that offer 

opportunities for large-scale hydropower, mainly in the Congo river in DRC 

(40 percent of Africaôs large hydro potential, around 80 GW) and the Nile in Ethiopia 

(20 percent of potential, about 40 GW), but also on the Niger and Limpopo rivers.73 

There are multiple challenges in turning such projects into reality, including: 

o Connectivity to demandðmajor dams would need to be connected to 

regional demand markets, which could take timeðregional cooperation is 

needed, including the development of open, competitive regional power 

                                              

72 IHA indicates 7 percent; A Hydropower Resource Assessment Of Africa by NEPAD indicates about 20 percent 

73 Review of hydrological issues on water storage in international development. Centre for Ecology and Hydrology, British 

Geological Survey, March 2009 
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markets and cross-border power transmission grids that connect to national 

power systems. 

o Cost and investmentðeven though the variable costs of running these 

assets may be low, high capital costs and the socio-political stability 

required to attract investors may still be obstacles for implementation.  For 

example, although Grand Inga could require between $750 million and 

$1,770 million per GW, depending on the scope,74 but recurrent conflicts in 

the area make it difficult to attract investors to finance the up to $70 billion 

required. 

o Social and environmental impactsðmajor dams can displace human 

populations, and (for example) cause sedimentation and biodiversity loss 

due to flooding. 

Major solar installations could be a second large-scale power source in Africa. 

For example, Morocco has unique assets to develop large solar power plants 

cost-competitively: low labour costs, sun, and free space in the desert (see case 

study below).  One study identified the potential to generate up to 230 TWh 

per year by 2030 (and 700 TWh per year by 2050) from installations in North 

Africa and the Middle East.75 These projects face many of the same barriers as 

those identified for solarðconnections to demand, costs, and high initial 

investment.  One possible solution is to connect North African generation to 

stable demand markets in Europe.   

                                              

74 How to make the Grand Inga Hydropower Project happen for Africa  (World Energy Council, April 2008); McKinsey 

Global GHG Abatement Cost Curve v2.0 

75 Trans-CSP study for German Federal Ministry of Environment, 2006 
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In deciding whether to pursue an export route, careful consideration would need to be 

given to the relative impacts of different solutions on overall growth and 

development, in particular the extent to which local capabilities and jobs could be 

built around the different elements of the value chain, so securing long-term gains for 

the local economies. 

DEVELOPIN G LARGE -SCALE HYDROPOWER IN DRC 

 

Context: The Inga Dams, located in western 

Democratic Republic of Congo, are hydroelectric dams 

on the largest waterfalls in the worldðInga falls. 

Currently, Inga I and Inga II operate at low output and 

represent about 4 percent of the hydro potential of the 

Inga site. Plans are underway to rehabilitate the two 

dams and to build Inga III and Grand Inga, two 

massive new hydroelectric stations.  

Project description: Grand Inga, the worldôs largest hydropower scheme, is part of a greater 

vision to develop a power grid across Africa that could spur the continentôs industrial economic 

development. Grand Inga could produce up to 40 GW of electricity, a third of the total 

electricity currently produced in Africa.  

Benefits: While feasibility studies for Grand Inga are not yet finished, the project is already 

being touted as a way to ólight Africaô by companies that stand to benefit from it and by 

governments that hope to receive power from it. It is listed as a priority project of the Southern 

Africa Development Community (SADC), the New Partnership for African Development 

(NEPAD), and the World Energy Council. 

Key success factors: A project like Grand Inga requires: 

ð Significant funding capacityðaround $60 billion   

ð Technical cooperation between multiple actors, often international 

ð Socio-political stability to ensure the project is viable 

ð Market cooperation for connection to the grid and distribution of electricity 
Source: Press search 
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2. Rolling out small-scale mini-grid and off-grid renewables 

Although centralised on-grid opportunities exist, the absence or instability of power 

networks in many African countries as well as the large number of people who live in 

remote areas suggest that smaller grid or off-grid renewable solutions are 

complementary to renewable on-grid ones.  Off-grid power technologies can include 

small hydropower, solar, and wind, which together have the potential, if every 

household were to use one of them, to produce nearly 4 GW at a capital cost of $10ï

15 billion. 

Small hydropower projects (small or micro-dams) are gaining interest again in Africa 

after years of focus on large schemes. Recent studies have shown that electricity 

generation through small hydropower (SHP) benefits from shorter planning periods, 

lower investment needs (average generation cost around $70/MWh76), and lighter 

                                              

76 Interviews  

DEVELOPI NG LARGE -SCALE SOLAR IN MOROC CO 

 

Context: Morocco has the right mix of assets to develop large, 

cost-competitive solar power plants: low labour costs, sun, and 

free space in the desert. It is close to Europe, a large energy 

market in need of low-carbon energy to meet its renewable 

energy targets. 

Project description: Installing large-scale solar generation capacity in the Moroccan Sahara 

could both serve North Africa and profitably sell solar power in the EU by 2020. Limits to grid 

expansion are likely to prevent North Africa from installing more than 89 GW for export to 

Europe, corresponding to 5 percent of Europeôs electricity by 2030.  

Benefits: Moroccan solar PV could be attractive to a Morocco power plant operator, with 

operating margins above 10 percent* generating revenues of $25 billion (about 6 percent of 

North African GDP). Additionally, North African countries could play in many parts of the 

value chain (both component and non-component), with the benefits of industrial development 

and job creation.  

Key success factors:  

ð Strong international efforts to generate volume and lower the capex cost of technologies 

like solar PV (50 percent higher capex reduces IRR by 30 percent)  

ð Domestic policy support to streamline approval processes and unlock current limits to 

energy exports (5-year delay in required grid capacity reduces IRR by 40 percent)  

ð Extensive capability building (importing labour reduces IRR by 10 percent)  

ð Adequate funding mechanisms (credible carbon markets; concessional finance) 

ð Technical and market cooperation for the distribution of electricity. 
 

* Assumes solar power is sold at wholesale electricity prices and encounters no border taxes. 
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environmental and social impacts.77 They can often be developed in local community 

projects without the need for international coordination, and economically viable, 

proven technologies are commercially available for generating both electrical and 

mechanical power for rural industrialisation and development. 
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éwhich allows huge potential benefits to the local 

people, surrounding environment and businesses 

Environmental:

ǐElectricity is being generated from renewable sources

ǐEnergy sources were wood for cooking and curing tobacco, 

kerosene for lighting and diesel to run the grain mill in the 

village, all of which can be replaced with electricity, 

reducing deforestation and pollution

Health:

ǐOne of the planned electricity users is a local clinic

ǐResidents use water directly from Tungu River, often not 

boiled because of the fuel requirement. Electricity would 

allow for water to be boiled. A Phase II project is planned 

to expand the plant to allow for the pumping and 

purification of water

Local community:

ǐPoverty alleviation: The opportunity has been provided a 

more sustainable income for households as power is 

provided to a community center where several small 

enterprises have been established

ǐEducation: children would be able to study in the evenings 

under electric lighting

ǐSocial: Women are involved in management, and thereby 

have stronger influence in community development

Tungu Karibi off-grid community micro hydro power project: benefitting 

rural communities in Kenya

SOURCE: UNDP GEF, Best Practices in Sustainable Rural Energy Development

The project was set up as a community owned and 

operated initiativeé

Basic project details:

ǐTechnology: run-of-the-river type micro-hydropower

ǐCapacity of 18 kW

ǐCost: 63,700 USD (3,500 USD/kW installed)

Stakeholders and management:

ǐImplementation was undertaken by the Ministry of 

Energy and the Intermediate Technology Development 

Group (ITDG-East Africa), with funding support from 

UNDP-GEF

ǐThe community has complete ownership of the facility. 

A local organisation was formed to own and operate 

the plant whereby 200 community members bought 

US$50 shares of the micro enterprise. Locals also 

donated 1 dayôs labour per week for the construction of 

the plant

ǐPower users pay for the power used at rates set by the 

organisation

Barriers

ǐLegislation still prevents private distribution of power to 

households, which this project aims to challenge

ǐThe community organisation is battling to raise the 

capital for Phase II

 

Two barriers may limit the potential of SHP. First, they are not suitable in areas 

prone to drought, but have potential in areas like northern Tanzania that have 

abundant and regular rainfall which is likely to increase with climate change. Second, 

building small or micro dams on a large scale multiplies the fixed costs of designing 

and managing multiple small projects, which may explain their current low 

penetration. 

                                              

77 Hydropower Resource Assessment Of Africa, Ministerial Conference on Water for Agriculture and Energy in Africa: 

The challenges of Climate Change, December 2008 
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Wind and solar energy also have substantial potentialðespecially to electrify remote 

areasðprovided that they are coupled with credit facilities to help households and 

communities cope with up-front investments.  

 

The potential and cost of off-grid opportunities has not been quantified so far for 

Africa, but an example can give an idea of the order of magnitude that this could 

represent. Providing minimum access to electricity to every household expected to be 

off-grid by 2030 could add 3,840 MW of capacity at a capital cost of $10ï15 

billion.78 The cost-competitiveness of mini-grid or off-grid renewable technologies 

varies in each area depending on the alternative: where access to the grid is not 

available or very unreliable, solar technologies already provide higher utility than 

kerosene (i.e., are more secure and allow for use of electric appliances such as 

televisions and radios). Solar technologies could become more cost competitive than 

diesel before 2030, and with the right financial incentives to encourage learning and 

deployment, this tipping point might arrive even sooner.  

                                              

78 Assumes a cost of $100ï150 per household including 100 GW solar panel, batteries, four lightbulbs, switches, and 

wiring. 

ELECTRIFYING SOUTH A FRICA WITH OFF -GRID RENEWABLES  

 

Context: Maphephetheni is a small village located in a hilly region 

of rural South Africa without access to electricity. About 2,000 

homesteads are dispersed over the area and rely primarily on 

biomass, paraffin, and liquid petroleum gas. 

Project description: The project aimed to pilot the installation of solar home systems (SHS), 

complemented with other domestic off-grid systems such as domestic biogas and hybrid 

renewable systems for public facilities such as the clinic and the school. 
 

Benefits: The project yielded multiple benefits. Environmental benefits included decreased 

deforestation rates and improved management of wastes. Health-related benefits included 

improved water quality and air quality in homes, which decreased associated health problems. 

Social benefits included less time spent by women collecting fuel wood, lighting that allowed 

reading, and radio and TV access. 
 

Key success factors:  

ð Community involvement and cooperation in management  

ð Adequate financing mechanisms such as grants to pay for outside expertise and project set-

up; and loan services coupled with guarantees for technology adoption 

ð Capacity to design multi-technology projects that reduce overhead costs  

ð Technical and managerial expertise for local capacity building (for example, development of 

skilled personnel able to install, maintain and market the majority of the systems) 
 

Source: Rural Energy Initiative 
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3. Substituting fuel wood with more sustainable heating and cooking sources 

To avoid the forest degradation that unsustainable biomass use is causing, African 

households could switch to sustainable biomass sources, or substitute fuel-wood with 

other low-carbon alternatives.  

Sustainable biomass could yield new sources of income in the long term. Biomass is 

likely to remain a fundamental source for heating and cooking in Africa.  With the 

appropriate incentives, countries have an opportunity to transition towards 

sustainable biomass (see agriculture and forestry section in this paper). Developing 

sustainable fuel-wood sources would yield environmental benefits and opportunities 

to capture international funding, although the health and labour issues associated with 

fuel-wood stoves would remain. 

In addition to off-grid renewables, other technologies could substitute for 

unsustainable fuel-wood, with both social and environmental benefits.  These 

technologies include biogas stoves, solar stoves and biofuel-based units, which are 

likely to be cost-effective today in most remote areas. They have the additional 

benefits of reducing labour spent collecting wood, reducing deforestation pressure, 

improving health through better air quality and waste management, and providing 

organic fertilization for agriculture.  

The potential to use these solutions instead of fuel-wood is very large. Multiple 

technologies already exist that can apply to different African regions based on their 

natural resources (e.g., type of waste or biofuel available). Nevertheless, the cost and 

implementation of such solutions could be a barrier in certain places and must be 

studied carefully to ensure the most adequate solution is chosen for each area. Capex 

costs can vary greatly depending on the technology and area selected: for example a 

modern briquette-fired stove can cost $30ï50 per unit, but some techniques can adapt 

existing stoves and therefore require no capex, whereas more industrial technologies 

such as biogas will require distribution infrastructure (e.g., pipes) which is typically 

expensive.  The main opex cost will be labour in the case of decentralized solutions 

(for example, waste-based briquettes require time to collect and prepare the waste) or 

the price of fuel in the case of more industrial solutions (e.g., biogas, jatropha, or 

algae-based biofuels). Finally, implementation on a large scale is likely to be 

constrained by a shortage of resources to deploy technologies, show-case their 

advantages, and train users in communities and remote areas.  
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4. Implementing energy efficiency programmes 

Finally, increased efforts on energy efficiency provide cost-effective opportunities to 

reduce emissions and expand the grid. A study on energy productivity in developing 

countries estimated that Africa could save about 20 percent of its end-use energy 

demand by 2020 by raising energy efficiency across sectors.79 Opportunities exist in 

buildings insulation (to avoid heat and cold losses), efficient appliances, and efficient 

industrial equipment and processes, and could save 120 million tonnes of CO2e by 

2030 with average savings of $34/tCO2e.80 Nevertheless, some of these opportunities 

are likely to be difficult to capture in the near term, due to the capex required, the 

difficulty in enforcing building codes and energy standards. In additional, large 

potential exists in cutting transmission and distribution losses. According to a study, 

two-thirds of sub-Saharan African utilities report losses of more than 20 percent.81 

Part of these may actually be explained by failure to bill a certain proportion of 

electricity users. System configuration also explains some of these losses but 

redesigning grids would be very expensive. Finally, losses may be due to aging 

infrastructure such as transformers. Substituting those with new ones would likely be 

                                              

79 Fueling sustainable development: The energy productivity solution (McKinsey Global Institute, October 2008) 

80 McKinsey Global GHG Abatement Cost Curve v2.0  

81 óAfricaôs Power Supply Crisis: Unravelling the ParadoxesôðIMF 2008 

COOKING WITH RENEWAB LE OFF-GRID SYSTEMS TO 

REPLACE FUEL WOOD  

Context: In some of Africaôs biggest banana-producing 

countries like Rwanda, Tanzania, and Burundi, more than 

80 percent of current energy needs are met from burning 

wood.  

Project description: Briquettes are formed by mashing 

banana waste (rotting skins and leaves) mixed with saw 

dust, compressing the mix, and drying it for 2 weeks in the 

sun. The briquettes ignite readily and throw out a steady 

heat, ideal for cooking.  
 

Benefits: Briquettes are made by hand and donôt need mechanical equipment. By replacing fuel 

wood, they reduce pressure on forests and decrease labour needs. (Women sometimes have to 

walk over six hours a day to get firewood.) 

Key success factors: Programmes to showcase the technology and train populations are needed 

to roll out these technologies. 

Source: Press 
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cost-effectiveðenergy savings and improved service would recover the cost. Taking 

advantage of these opportunities may require regulatory changes to incentivise 

utilities to invest in maintenance, with the consequent technical and institutional 

capabilities required.  

Deployment of low-carbon technologies will require support  

The climate change debate could help Africa switch to a lower carbon infrastructure 

in three ways:  

The deployment of low-carbon technologies is complex and requires a number of 

enabling elements as well as the removal of certain barriers. A 2005 survey by the 

UNDP/World Bank Energy Sector Management Assistance Programme (ESMAP) 

asked 51 business developers in the renewable energy sector (across a variety of sizes 

and types of organizations in the value chain and across geographies, including 

Africa) about the barriers they encountered to scaling up renewable energies in 

developing countries. The most frequently cited barriers were regulatory risks, lack 

of financing, weak institutional capacity in developing countries, and weak or ill-

suited infrastructure (both power grids and transport).  
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Developing countries face different types of barriers to implementation 

of environmentally sustainable technologies

* Based on submissions by 23 countries: Albania, Azerbaijan, Bolivia, Burundi, Chile, China, Dem. Rep. Congo, Dominican Repl., Ecuador, Georgia, Ghana, 

Haiti, Indonesia, Kenya, Lesotho, Malawi, Mauritius, Moldova, Niue, Paraguay, Tajikistan, Vietnam, Zimbabwe.

Source: FCCC/SBSTA/2006/INF.1; Project Catalyst technology team
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Perceived barriers*

Percent of countries mentioned Examples

ǐLack of financing

ǐPoor business case given costs, subsidies, etc.

ǐExistence not widely known

ǐLimited information on costs, performance, operations / maintenance

ǐLack of information on how to acquire / implement

ǐRequired policies, standards, codes not in place

ǐExisting laws not compatible (e.g., grid access)

ǐTechnology not expected to work under local conditions

ǐLack of skilled personnel for installation, operation, and maintenance

ǐLack of required institutional support for capability building, 

enforcement, financing, etc

ǐSupporting infrastructure not in place
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Domestic policy support is needed to successfully integrate energy strategy into 

climate-resilient development plans 

Given Africaôs demographic and urbanisation trends, long term planning of energy 

infrastructure is essential to optimise investments and diversify energy production. 

African leaders can build on efforts to understand the potential and to develop a 

favourable environment for low-carbon technologies. South Africa, for example, has 

undertaken a major planning effort to understand different scenarios for its power 

sector in response to climate change, and ECOWAS has integrated energy goals into 

national and regional development strategies.  

There are a number of national policies which could accelerate and help allocate the 

worldôs scarce low-carbon energy deployment capacity to the developing world. First, 

it is important to create an attractive environment for investors by reducing perceived 

regulatory risks and levelling the playing field. For example, eliminating energy 

subsidies removes price distortions that favour fossil fuels and encourage inefficient 

use of energy.  Second, deployment of new energy technologies can be directly 

supported by providing incentives (e.g., feed-in tariffs), enforcing standards on 

energy efficiency, or changing incentive schemes for utilities.  For example, South 

Africa recently approved feed-in tariffs to foster renewable technologies, though 

most sub-Saharan African countries are likely to require financial assistance from the 

developed world to support these efforts. Third, countries need to upgrade 

infrastructure (from transport to power grids) and capabilities to allow for the 

deployment of new technologies.  

 

Energy subsidies by fuel in non-OECD countries, 2007 

 

Source: IEA, World Energy Outlook 2008 
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Support could be provided for financing, technology deployment, and capability 

building 

Building a climate-compatible energy sector in Africa requires additional financing 

to cover higher costs and higher up-front investments. A global agreement on climate 

change could provide tailored financing mechanisms to support these incremental 

costs, through carbon markets, grants and loans (more detail on these mechanisms in 

the finance section of this document). Incremental costs for the energy sector could 

be in the order of $8.9 billion in 2030 to support the incremental costs of the above 

initiatives and to climate-proof existing energy sector infrastructure. 

A global deal could also support capability building in a number of areas including 

technology installation and maintenance, accessing international funding 

opportunities such as CDM and carbon markets, and in policy and institutional 

reform. 

Finally, as outlined above, barriers to technology deployment often depend on 

national policies.  Although often discussed, access to intellectual property (IP) 

typically has a limited role to play as most relevant technologies are already 

commercially available. Beyond funding and capability building support, a global 

deal on climate change could support African objectivesto address technology 

deployment barriers through specific mechanisms to ensure R&D into so-called 

óorphan technologiesô, to promote international joint initiatives, and to resolve IP 

disputes.  

Regional collaboration is needed in order to realise large-scale projects 

Regional collaboration is important in Africa for the creation of sub-regional energy 

pools (to enable large scale hydropower to take off) and the development of complex 

projects. The continentôs energy resources are concentrated in a handful of countries 

(40 percent of sub-Saharan Africaôs hydroelectric potential is in DRC and 20 percent 

in Ethiopia). Physical and political barriers to trade make it difficult to access centres 

of power demandðand investments are too large for one economy to bear alone.82 

Regional power grids are emerging at different rates in North, West, East, and 

Southern Africa, but Pan-African power grid integration depends upon the 

construction of transmission links through the Congo Basin at the heart of the 

continent. This has not been possible until now but could be achieved in conjunction 

with the Grand Inga project, as it would only be economically viable if power could 

be exported to North, West, and Southern Africa. 

                                              

82 óAfricaôs Power Supply Crisis: Unravelling the ParadoxesôðIMF 2008 




