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ABOUT THIS PAPER
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factbaseon climate change in Africa, including impacts, required acti@msl
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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 reflectedn this paperare those of the Grantham Institusnd 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 Adrica.
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1. Executive Summary

The challenge of chieving MDGs, economic growth arstrengtheningnstitutions
are crucial goals for African LeadeGlimate changeould add to thedevelopment
and growthchallengeshey faceexacerbang A f r i val@elsilityin the future

Most scientists studying the potential impact of climate change believe that Africa
could face conditions are severe than other regions. They estimate that Afsica

likely to experience higher temperature increases, rising sea levetsothdaffect

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

due to proximity to theequator. Itseffects on individual countriewill depend on

their location and attributedyut all countrieswill be exposed taot and have reason

for common cause. Africabds ability to ad
the rest of the worldthey could if unmitigated reduce arable land, worsen

chronic hunger, andven lead tsocial unrest.

The current climate change negotiati@osild offer unprecedented opportunities for

Africa to strengthen its adaptive capacity and to move tas\tava-caboneconomic
development in a way that will use its comparative advantages f@ests, hydro

and solarpower potentialand land), attract investments from private sectond

benefit its nations. Targeted adaptation measures related to irrigation, gtitou
resistant agricultural techniques, and health systsongd draw new attention and

I ncrement al fundi ng, whil e Africa®fs comy
2.8 GtCQe in 203@ mainly in land use and forestfy2 GtCQe at an average cost

of 1001 5 U.k0t cQuld give the region a strong position in a global climate change

deal focused on emission reducticarsd avoid the 36% forecast emissions growth

from 3.2 to 4.3 GtCge by 2030 under a business as usual scenkrion a |l | vy, Afr
development cdd avoid the lock-in of high carbon infrastructure and realise
climatecompatible growth opportunities that would both keep emissions low and
offer substantial additional benefits including energy security, rural income
opportunities, protection of bidiversity, lower pollution, and reduced migration and
potential for conflict.

The incremental development cost (or adaptation cost) armbghief putting Africa
on alow-carbongrowth pathway could amoumd $22 31 billion per yearin 2015
($13 19 billion and $9i 12 billion). Existing estimates suggeitesecosts could be
$52 68 billion per yearby 2030 ($2127 billion for adaptation and $3241 billion
for mitigation).



Climate
change

sectors.

Adaptation is in many cases indistinguishable from development. Curren
ODA commitments (estimated at $BHlion per yearfor Africa to meet
MDGs compared t@DA delivered in 20046f $29billion1) should be met
both to achieve deelopment goals anbdecausewithout them adaptation

will be much more costly

Thereis a wide range of global estimates for incremental adaptation, costs
prompting for further research on the topdtempting to reconcile various
estimatesindicatesadatation costs could b&21 27 billion per yearby

203(Q including $1billion per yearfor adaptation capability building, $8

billion per yearfor anticipatoryadaptation and climafgeroofing, and up to

$12' 17 billion per yearfor social protection (Wich includes protecting
livelihoods and healthiHowever, these costs could risectose to around
$60bn per year ithe infrastructure needs in Africa up to 2030 are greater
than assumed in the UNFCCC estimates and that the costs of social
adaptation W go up between 2015 and 2030.

Nearterm incremental costs (between now and 2015) for adaptation in
Africa could be $1i 2 billion per yearfor immediate priorities, and up to
$12 17 billion per yearfor socialadaptationfor a total of $1819 billion
peryear.Thiswould be 0.040.06percentof developed country GDP

It is difficult to be formal and precise about the likely costssot€ial
adaptation beyond 2015 but the costs of this type of adapttidd be
higher in203Q

Based on incremental costfer low-carbon abatementopportunities
additional financing of $8B 41 billion per yearin 2030 ould be required
It would be concentrated in three main sect$is 21 billion per yearfor
forestry, $8 10 billion per yearfor agriculture and $9 10 billion per year
for energy

Incremental financing required for abatement opportunities around 2015
could be in the order of $32 billion per year,ncluding $5 6 billion per

year for forestry, $24 billion per yearfor agriculture and $2billion per
yearfor theenergysector(based on incremental marginal costs).

change is a global discontinuity aree tmomentum createdy climate
negotiationsoald enable climateompatible development in important
To capture each opportunitill take continued strong domestic policy

1 Achieving the Millennium Goals in Africa, MDG Africa Steering Group



actionthat builds on recent progres® build institutional capacityintegrated with

current development priorities and taking account of existing barriers to
development) support for t he pancing and eoperatiagc t or 0
infrastructureand international support. Initiatives in important sectors include:

o Agriculture and Forestry Both agriculture (including fisheries)and
forestry could be impacted by climate change. Climate chanugey
decreas agricultural yields, increaspressure on forests, and potentially
reducefish stocks in areas such as inland lakes and impacted coastal zones.
To develop a climate resilient agriculture and forestry industryeamuobrk
on a climate compatible growth patAfrica cangrasp three opportunities
First, it can develop and climat@roof agricultural productivityby
improving agricultural techniques and adopting higyietding, climate
proofed crops. The UNFCCC stimatesthis would cost an additional
$1 billion per yearby 2030, on top of development spend#ig.would
also require capability buildingccess to new agricultural techniques and
inputs (seeds, fertilizers, and pesticidasyl large scale dissemination of
know-how. Second, its natural assetsuld allow Africa to seize both
agriculture and forestry based mitigation opportunities thay generate
additional financial flows and substant@herbenefits. If Africa can set
up its institutional capabilities and land use management progoag, |
termfinancial flows could be generated by avoided deforestation (REDD)
and afforestidon/reforestation (A/R). The costs of theswtiatives in
forestryare estimated &4.5 6.9 billion per year for 2015ising to $4.5
20.5 billion per yearby 20303 Third, developinga sustainable biofuels
industry T respecting the food production and avoided deforestation
objectivesi is another opportunity that African countries are already
exploring in which better access tglobal market and technology could
help buld a largeindustry. When developing such an industry, land and
water constraints will have to be considered.

o0 Water African countries could climatproof their water infrastructure and
re-shape demand patterns to respond to climate change. Across the
cortinent this initiative would requiradditionaladaptation funding of $3
3.5 billion per year by 2030. Would take integrated action in four main
areas: first, making strategic development choices that reflect water
demand; second, factoring climate cpannto the design and planning of
water productivity and efficiency in farms, factories, and cities; third,
climateproofing existing anchew water supply infrastructurand fourth,

2 UNFCCC estimates, Samuel Fankhauser.
3 McKinsey Global GHG Abatement Cost Curve v2.0.



leapfrogging to new water supply solutions that save both energy and
cabon (e.qg., solar desalination), rather thanoiwlhg earlier development
paths Funding may be neededo coverincremental costs of supplying
water under climate change: more demand for water, higher water
provision costs, and more public goods such esearch and capability
building.

o Energy African countries could usmitigation fundingto broaden access
to secure, sustainable sources of energy, both on and off the ghiidli(H2
per yearfor 2015; $8 10 billion per yearhy 2030).Actions to achievehis
include developing major owgrid hydro and solar renewable power;
rolling out smallerscale offgrid renewables in rural areas; substituting
nonsustainable fuel wood with sustainable sources; and implementing
energy efficiency programmes, especiafiytransmission and distribution
grids. A global agreement could attract public mitigation funding and
incentivise private funding (through carbon markets) to cover the full
incremental costs oflow-carbon technologies, accelerate technology
development rad deployment, and build capabilities at the technical,
financial, and policy level.

o Cities and infrastructure African countries could climatproof urban
infrastructure and developmerdnd puttransport systems oto a low-
carbonpath First, cities chilenged by climate change will require extra
adaptation resources (up to $0L4 billion per year by 203ap deal with
more extreme weather such as storms, and threats to city defences such as
coastal flooding4 Initiatives to support adaptation includacreasing
access, building and reinforcing infrastructure, and protecting coasts.
Secondly, cities can seek support for the developmdoietarbonpublic
transport. Systems such as eneeffycient buses can support development
objectives such as greaturban mobility while also reducing emissions.

0 Health: Adaption resources can be used to reduce vulnerability to climate
sensitive disease and malnutritidrhis could leadto $3billion per yearin
incremental costdy 2030 Opportunities includamproving forecasting
and diagnostic capabilities, broadening access to health services to address
these diseases, and applying greater resources asrdioation in dealing
with humanitarian disasters.

These opportunities will play differently among the diéiet regions: foregbased
mitigation funding will mainly go to the Congo basi@dambia, and Tanzania

4 UNFccC estimates, Samuel Fankhauser.



agricultural funding will be required broadly except for in forested and arid regions;
energy opportunities will benefit South Africa and the Mafjhon he one hand, but

also provide a widespread support to a whole range of countries throegyidodihd
sustainable biomass; coastal cities such as Lagos, DakaesBataam, Luanda, and
Maputo will require significant funding to adapt to dewel rise ad 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.



2. Africadbs unique position in

The two great challenged the 2£' century are the battle against poverty and the management of
climate change.and they are closelinterlinked That pus African countriesin a
challenging positioras development and grtiware priorities that would be more
difficult to address in a harsher climate Current Africam emissions are
comparatively low at 3.3 tonnes @G®Oper capita (including lardse)> Even with
forecast population growth of 50 percent and increases inGB&l per capita of
75percent by 203@ Africa will still contribute less than 5 percent of global
emissions. Howeveclimate models suggest the effect of climate change in Africa is
disproportionatdo its emissions, and likely to be more severe thasther regions.
Many scientists believe thahe impactof climate change islreadythrowing up
fresh obstacleso development in Africalt is likely to createfurther problems as
time goes on

Africa is likely to experiencéigher temperature increaseising sea levelshat will

affect a significant proportion of population, changing rainfall patterns, and increased
climate variability due to proximity to the equafotJnmitigated these effectsould

lead tothe loss of arable landthe worsening of bronic hunger, an@&ven social
unrest Africa is alsomorevulneralbe to climate changéecause it halesscapacity

to adapd a result of development gaps and poverty as well as the size and
importance ofits agricultural sector All of thesewill exacerb&e the impact of
climate change

The changes induced by climate change will difetweerregiors. Overall, Africa

is expected to experience above avemdggsin temperatur@ possibly dramatially
so0(3i4°C by 2100Q.8 Precipitationwill vary more wideY, with some areas predicted
to getdrier and otheywette. Southern Africafor examplejs expected to become
hotter and drier, anéxperience moré&equern bouts ofextreme weathemwhereas
East Africamay possibljpecome wette?

Agriculture and hdéh are likely to be thé\frican sectors most affected by climate
change. The largest impact is expected from drowgitt water scarcity (350
600 million people will be under water stress by 20%@nd climate zone shift (the
surface areaf semiarid landwill increase by 600 million hectareg. This could

> 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.

71PCC Fourth Assessment Report, Africa chapter.

8 Ibid., based on mediwigh emission scenario (SRES A1B) and relative to 19899 period.

9p . Collier, G Conway, T. Venabl es, 6Cli mate Change in Afr
10\pcc Fourth Assessment Report, Africa chapter
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increase the incidence diseaséyy perhap®i 7 percentlt could also harnmational
economied agricultural losses could total as much a¥7 Zercent ofregional
GDP.11

This suggests th&frica shou begin now to put into place whiatheed to continue

to develop and to shift tow-carbongrowth even as environmental conditions grow
har s h. dufparativels wcostcmitigation potentidl mainly consistingof
changes tdand use and forestyoffer opportunities t@access associated financing
flows while contributing to emission reduction efforts.

As Africa developsijt canchoose toavoid lockng in to high carbon infrastructure

andit can pursueclimatecompatible growth opportunitiesUnder afi b usi ness &
usual 6 scenari o, emi ssions | 43G00Cebya ar ¢
2030 12 However, capturinglow-carbon growth opportunitieswill help keep

emissions low and avoid worsening the global climate change prdblernould

also bengt from a wider shift in the global economic model: fossxiuld appreciate

in value, incentivegsould be created to exploit large untapped agricultural resources

and give momentum to initiatives focused oraigng productivity, barriers to
bioenergycould vanish andaccess to IP and technologyuld be lowered

11\pcc Fourth Assessment Report, Africa chapter.
12 McKinsey Global GHG Abatement Cost Curve v2.0.

13 An increase in carbon productiviiye., GDP per tonne of carbon equivalent emitfeath $280/tCQeto $1,340tCQe
would be needei Africa wasto achieve the required global average of 2.5 t/capita by 2050, assuming GDP growth of
5 percentper year.
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Business-as-usual emissions split by sector in 2005 and 2030
MtCO,e per year

Annual growth,

20057 2030

Percent

4,336.8 (12 Overall
627.2 Power @ Power
319/ / 830.8 Industry (2.4 Industry
362.7
152.0 Buildings 16 Consumer
A 402.9 Transport @ related
102777 sectors
190.8 285.3 Waste @
182.9
1,004.3 1,442.8 Agriculture @
Land use
related
sectors
878.0
595.7 Forestry @
2005 2030

Source: Houghton; IEA; IPCC; UNFCCC; US EPA; Global GHG Abatement Cost Curve v2.0 K R e s

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 cimge treaty could provide for Africa some of the support
needed tesustaininitiatives in each of these sectors. TWRFCCC negotiationsvill

bring renewed attentiotod and raiseincremental fundingord targeted adaptation
measures to develop irrigation s, spread drought resistant agricultural
techniquesandreinforce health systemamong otherdess. If Africa develops the
required capability building for example to monitor, report and verify its actions

and demonstrates strong institutional popt to deploy it, ihancial support should
come in addition to existing ODA commitments, which are needed to achieve
existing sectoral development goals. Norancial support could take the form of
support forcapability-building, the development of glodl public goodsand 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.

12



3. The incremental development c¢st adaptation cost) and
the cost tosupportAfricads transition taa low-carbongrowth
pathway

3.1ADAPTATION

Adaptation costs are strongly linked to development efforts.

0 Adaptation is in many cases indistinguishable from development.
Therefore to support agtation, countries that have committed ODA must
first and foremost honour thoseramitments (estimated to be $G#lion
for Africa in 2015 compared t$29 billion provided in 20@14). This will
help achieve existing development goals, reducergieg adaptation
deficits andbring 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 lessenhe impacts and costs of climate change, it
does not eliminate them congpély, leaving residual damages. They are
not included in the adaptation costs cited here, but may adversely affect
Africads devel opment.

Estimating adaptation costs is difficlilileading to wide ranges for cost estimates
andrequires furtheresearch

o0 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 measuresand associated costs of adaptation, particularly at a
local or regional level where there can be important variations and
requirementssofurther researcks requiredon these bottorrup needs.

o Five main types of adaptation cost can be distinguished:

0 Global knowledge and global public goodshat are provided at an
international level. They involve general and globalised climate
research and data collection, economic reseancblimate impacts,
and research and development of technologies such as crop varieties

14Achieving the Millennium Goals in Africa, MDG Africa Steering Group

13



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 anadys.

0 Capability building, preparation, and planning, which includes
local knowledge buildingndintegrating adaptation into development
planning as well as disaster preparedness. This involves creating
local strategies for adaptation, education, aniditrg programmes to
improve awareness and share technitues

0 Anticipatory adaptation, which includes building new assets (such

as flood defence systems and sea
proofingo) existing asseandwateruc h a
systems, as well as behavioural, poli@and legal measures (for
example, zone planning and building standards).

o Disaster management which includes the immediate actions to
address extreme weather events associatédclimate change such
as emergecy recovery, health care servicehumanitarian
interventionsand reconstruction.

0 Social adaptation which includes protecting lorggrm livelihoods
from the impactsof climate change through such actions as ecrisis
transfers, financial support for theqran regionsaffected by climate
change,andrelocation initiatives for severely affected communities.
These costs are not well researched aredparticularly difficult to
estimate and disaggregate from other development measures.

0 Published estimatesfmear term (present to 2015) global adaptation costs
range widely, from $4 billion per year today to $86 billion per year by
2015, due to differences in time periods, measures included, and
calculation method$® To address these discrepancies and sdade t
estimates to Africa requires an understanding of each estimate and a
framework to reconcile the differences.

o Firstgeneration climat@roofing estimates: Early estimates of
current adaptation costs (including World Bank, Stern, Oxfam, and

15 Capacityor capabilitybuilding activities are thosehich strengthen the knowledge, abilities, skills and behaviour of
individuals and improve institutional structures and processes such that the organization can effédently climate
impacts anddesign and implemenpolicies in a sustainable wayWithout investment into these activities, African
institutions will not be able teffectivelyplan implement or monitoadaptatioractivities

16 $4 pillion is the lower end estimate of the Stern Review and $86 billion (ingstcial adaptation) is the UNDP
estimate from the 2007/08 Human Development Report.
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UNDP) are bask on calculating the extra costs dimateproofing
financial flows (Gross Capital Formation, Foreign Direct Investment,
and Official Development Assistanc€)The methodology leads to a
wide range of estimates. Scaled to Africa thesematesindicate
costs of$0.5 7.2 billion per year.

There is awide range of short term (2015) adaptation cost estimates for
Africa

Scope of estimate

Africa adaptation cost estimates®

$ bn p.a? Timeframe Sectors included

World Bank 2006 j : 1.88 5.3 T Today T Climate proofing investment

'
Stern Review 2006 [ 10.58 3.9 T Today T Climate proofing investment

'

Oxfam 2007 34.66 17.3 T Today T Climate proofing investment, NAPAs, community

e base A
UNDP 2007 11778 7 2015 T Climate-proofing investment, social protection,

e 242 disaster management
Project Catalyst I 11.23 2.2 I 2015 T Preparation, planning, climate resilient
! development, and disaster management

SEI (Watkiss and : 18 2 T 2015 T Climate-proofing investment
Downing) !

1 Scaled from global estimates except for SEI values
2 Assuming exchange rate of 0.79 (/USD

SOURCE: UNFCCC 2008a; IEA 2008a and b; and McKinsey 2009 for mitigation; Agrawala - N e
and Fankhauser 2008 for adaptation theEs

0 Seconégeneration climatg@roofing estimate: The UNFCCC estimate
for 2030 is calculated sectby-sector for five main sectors
(agriculture, coasts, water, health, and infrastructure). This approach
leads to an estiate of $89 billion per year for Africa.

0 Social adaptation: The UNDP estimate f&13 is the main example
of this, though it is a top down estimate and highly uncerthiputs
it at $40 billion per year at a global level which scales to $17 billion
per year for Africal® Further research is necessary to estimate social
adaptation costs at a regional and local level.

17UNDP estimate is for 2015.
18 UNDP, Human Development Report 2007/2808ghting climate change: Human Solidarity in a divided world.
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We have attempted to reconcile the different published estimates to generate a near
term and long term view of possible adaptation cast#\frica, 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 $21 27 billion per year incluichg social adaptation:

Adaptation cost estimate for Africa in 2030

Incremental annual financing flow requirement
for Africain 2030
$bnpat Methodology
Planning, preparation i 1 Scaled from UK Environment agency
and capability- 0.7 budget by GDP and population
building
. . 1 UNFCCC estimate scaled by African
Anticipatory adaptation 8.0-9.1 share of highly vulnerable countries
. i 1 Scaled Munich Climate Insurance
Disaster management Oil proposal
| 1 UNDP 2015 estimate scaled by all
Social adaptation? 12.0i African share of ODA and assumed
| 17.0 constant from 2015
20.87
Total 26.9

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

SOURCE: UNFCC, UNDP, Sam Fankhauser Q \r‘ |

o The anticipatory adaptation is based on the dc&l&lIFCCC sectoral
adaptation values.

o0 Adaptation costs will increase over time. Néam costs (between now
and 2015) for adaptation in Africa could range frorZtillion ayear fo
planning, preparatignand structural adaptation, which is consistent with
other Africa estimate®® and up to $1B19 billion per year with social
adaptation. The figure can be broken down as follows:

19p, Watkiss, in Economics of ClireaChange briefing note for Kigali Environment Ministers, highlights a typical range
of $1i 2 billion per year in 201215.
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Adaptation cost estimate for Africa in 2015

Incremental annual financing flow requirement

for Africain 2015 Methodology

$bnp.al
Planning, preparation 1 Scaled from UK Environment agency
and capability- 0.2-04 budget by GDP and population
building !

» | T NAPASs scaled by GDP (min) and
Anticipatory adaptation 09-18 population (max)

I 1 Scaled Munich Climate Insurance

Disaster management Oil proposal
Social ad - 12,07 T UNDP 2015 estimate scaled by all
ocial adaptation 17.0 African share of ODA
13.27
Total 193
10.79 WUSD
SOURCE: UNFCC, UNDP, Sam Fankhauser K j\ Ginate Crange and |

0 Planning, preparation, and building adaptatielated capabilities is a
priority and could cost $0i®.4 billion per year. It would involve
assessing what is required for climat@ofing, and preparing
integrated adaptation plans (such asloa-carbon development
strategy).

0 Anticipatory adaptation cdd cost $0.91.8 billion per vyear
depending on how thigguresare scaled to Africa (percent of sectoral
estimate or investment flows). This estimate is based on submitted

NAPAs.

o Disaster management is estimated to cost an additional $0.1 billion
per year

0 Social adaptation, which is closely linked to development and will
depend on the effectiveness pfior development and adaptation
spending, could cost $127 billion per year.

0 Adaptation costs are not well understood and will have important
regional ad local variation. Insufficient research and investigation
has been performed to date, and much more is needed immediately to
understand the impacts, possible measwuaed costs for regions in
Africa.

17



o Adaptation will require more than just fundihgnanyadaptation measures,
such as diversification from climate sensitive industries, aldb require
capability building,strong leadershigefficient and robusinstitutions and
close regional cooperationlhe 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 acceAfijca can potentiallysecure mitigation
funding to drivdow-carbongrowth in forestry, agricultureand power.

o Mitigation costs inthis document are calculated as the incremental cost of
a lowemission technology compared to a reference casbusiness as
usuab technology, measured in dollars per tonne@bated emissions.
The cost includes annualised repayment of capital ekjppga and
operating expendituéeit does not therefore represent the pQgueoject
cosb of installing and operating the leamission techology. A cost of
capital of 4percentis assumed to annualise the capital expenditure, and
availability of capital$ not consideretb bea constraint.

o0 Additional costs to be considered in the Africa context are transaction costs
and capability building requirements

o0 Transaction costs cover the cost of setting up programmes and
policies, distributing information, andoson. They are estimated
globally at $16 per tonn&°

o0 The total potential for mitigation in Africa is estimated at 2,800 MO
which could be the basis to secure funding to drivedavbon growth

20 Project Catalyst.
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Africa abatement cost curve 2030

60

50

-100

-110

Industry upgrades (e.g. CCS)
Abatement cost Livestock vaccine
U/tCO.e Onshore wind
Reduced intensive land conversion
Degraded land restoration
Agronomy practices
r Landfill gas generation Forest management
Degraded forest reforestation
Nuclear
Efficiency Reduced timber harvesting —‘
s w1 |

MtCO,e per year
Organic soils restoration

500 1,000 \‘ 1,500 2,000 2,500 3,000
\; Pastureland afforestation Abatement potential

Grassland management

Reduced slash and burn Solar concentrators

agr\culture conversion Solar PV
Waste recycling
Tillage and residue management

Landfill gas direct use

t Efficiency improvements
(e.g. lighting, electronics, appliances and motor systems)

SOURCE: Global GHG abatement cost curve v2.0 ( \ Gimate Cange ard

(0]

o

There is potential for Africa to secure mitigation fioary to cover costs of
$311 41 billion per year by 2038 targeted at three main sectors:

0 Forestry: 1,200 MtCége, at $1015 per tonne average cost; the main
levers are REDD, A/R, and forest management.

0 Agriculture: 750 MtCQe, at $510 per tonne average ¢pthe main
levers are restoration of degraded land and reduced tillage.

0 Power: 325 MtCG@e, at $2025 per tonne average cost; the main
levers are renewable energy including hydro power, solar power, and
alternatives to unsustainable biomass.

0 Transport: 70MtCO,e, at $4050 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 thereteoeth addresmg.

0 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 [ Transaction costs®

Il Base societal cost?

Mitigation costs 2015, ($bn/year)

14.5-20.5

1921 9.2:12.0

13.0
Forestry Agriculture Energy Cities (transport) Total
1 Transaction 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%
SOURCE: McKinsey Global Cost Curve v2.0 O ' l
o In the near term, mitigation financing could be $2 billion per year by

2015, primarily driven by 350 Mt from forestry, at $1% per tonne
avemlage cost.

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 contitie to avoidingthe dock-ind of high-carbon
infrastructure.

A number of other barriers may also need to be addressed to access
potential mitigation financing. These barriers may include lack of
capabilities todeploy efficiently thefunding, lack of capailities to meet

MRV requirementsand the perceived investment climate for internal and
external investors. In addition, for certain measures, (Rigl efficient
stoves or REDD) financial support will need to flow @aowide set of
communities and indiduals to have impact and policies and institutions
may be needetdb support this.

3.3 SUMMARY

The total climate related costs for Africa could therefore range fronbifikh to
$68 billion per year in 2030, made up of $27 billion per year for adagian and

20



$31i 41 billion per year for mitigationHowever, these costs could risediose to
around$100bn per year ithe infrastructure needs in Africa up to 2030 are greater
than assumed in the UNFCCC estimates and that the costs of social adaptiation w
go up between 2015 and 2030.

In 2015, costs for Africa could amount to $32 billion per year, including $139
billion per year for adaptation and8® billion per year for mitigation. Accessing
funding for these costs may also rgquaddressing 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 sectornmstef financing
and operating infrastructure.
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4. Sector by sector overview of limate-compatible
development pathways

4.1 AGRICULTURE AND FORE STRYd DEVELOPING CLIMATE -
RESILIENT AGRICULTUR E AND ENGAGING ON A LOW-CARBON
GROWTH PATHWAY THROUGH MITIGATION BASED ON LAND-
USE

Af r i c a 6 sagriqultunabsectot will face serious challenges
due to climate change

Agriculture and forestry are pivot al sec

Agriculture represents 60 percent of employment and 20 percent BfilGAfrica 22

and forests supply fuel wood and charcoal to 75 percent of people in Africa.
Africabs a mb i tdidoublingi producivity by c2012,t expamding to
commercial production, and strengthening resédéchilustrates the development
potental of this sector. It can improve the livelihoods of subsistence farmers and can
contribute to the industrialisation of the continent.

SUMMARY OF AGRICULTURE AND FORE STRY SECTOR ACTIONS

1 Climateproof agricultural yieldeind develoglimateresilient agriculture through
sharingof techniques and knowledge, crop selection, small holder support sch
and appropriate irrigation

1 Use funding for forest and lardzhsed mitigation to capture agriculture and
forestryrelated cebenefits andaise value of forest/land

91 Developa sustainablbioenergy industry for local and exponarkes

The New Partnerspi f or Africabés Devel opment ( NEP.
food productivity gains of 6 percent from 2015 onwards. Initiatives such as the
Alliance for Green Revolution in AfricBAGRA) have been launched to achieve this

goal and have successfully supeodrta number of projects across the continent.
Despite these efforts, Africads | and po

22 |pCC, AR4, WG 2
23 |nternational Energy AgenéyWorld EnergyOutlook 2008
24 Achieving the Millennium Goals in Africa, MDG Africa Steering Group.
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productivity gap, although improving, has not been addressed. African agricultural
productivity is 16 percent of the worlderage and 30 perceot the South East Asia
average® The main causes of low productivity are limited market access, limited
capabilities, and limited supply of agricultural inputs.

Climate changecould reduce agricultural yieldsincrease pressure ormress, and
threaten current fishing activities

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

50 percentby 2020 (relative to 2000 levels) as a result of climate chéngke
overall agricultural output could beduced by 27 percentof GDP by 2100. This
could put current MDG plans at risk anddermineany current productivity gains.

As subsistence agriculture and commercial agriculture are today the biggest sources
of deforestation in Africa (5¢ercentand 35percentrespectively?), falling yields

are likely to increase¢he pressure to deforest and convert more land to low yield
agriculture. Successful fisheries depenon coherent marineand freshwater
ecosystems, whiclcould potentially be affectedby climate change. Rising
temperatures might potentially displace existing fisheries or change migratory
patterns in specific regions. This witducefish supplies for human consumption,
aquacultureand livestock feed2?

Capturing three major opportunities would help Africa developclimate resilient
agriculture and forestry industry and pursue an advantageouslow-carbon
growth path in agriculture and forestry

If proactively addressed and adequately funded, several of the challenges outlined
above could be mitigated amhnsformed into advantageolasv-carbongrowth on

the basis of t he Agricuiturah graductivisy gaina tould ke | as
climate-proded; significant and relatively loveost mitigation potential could help
fund improvementsin agricultural yield and the developmentof 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 adaptatimeasures for fisheries require
additional research and monitoring on prelgis®w climate changaffects them

25 FAO: 2003 productivity numbers.
26 |pCC AR4; Working Group 2, chapter 9.
27 Project Catalyst.

28 |FPRI: An Agenda for Negotiation in Copenhagen, May 2009, Briéfi¢ultural Science and Technology Needs for
Climate Chang@daptation and MitigationRudy Rabbinge
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Develop a climate resilient agriculture by developing and clirpai®ing
agricultural productivity gains

With rising climate pressure, adidnhal suppo® incremental to existing ODA
commitmentd i s required to mai ntain Africads
productivity. Although manymethodsto increase agricultural productivity are not

new to Africa, the adaptation debate could createtiaddi momentum andenerate

specific responses to the changing climate stress, financed through the mechanism
that will be negotiated at Copenhagen. The speeifiionsin response to climate

change include

o Developing the capabilities of smallholders itmplement agricultural
techniques such as improved irrigatiand optimised crop mix selection,
and to capturdow-carbonopportunities such as attracting financing for
afforestation/reforestation;

o Facilitating the selection, financing, and supply of dienresilient 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 insurprmades
incentives to use more advanced farm inputs and techniques even if the
harvest fails;

o Developing irrigation and water collection technology to redtice
variability of thewater 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 Dedtaon
in Mali. Traditionally the fields are either close to the river, or furthel
away and irrigated by a network of rain collection systems, canals, &
natural river overflow collection systems. Both arrangements are
vulnerable to extremes of precition. 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 wat&oth kinds of impact are likely tc
be more frequent as precipitation becomes more variable.

Project Desciption : The NGO CARE is addressing both issues by rehabilitating the system
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. Hmenipnvestment is

financed by the NGO and the villagers rep.

Benefits The project has improved agricultural productivity, increased climate resilience, ang
improved the living conditions of the local farmers:

0 Improved poductivity: The average yield using the new irrigation techniquerehsed

0 Increased climate resilienc€he new irrigation system improves access to water even with

reduced rain fall.

0 Improved living conditionsThe control on water has allowed farsén farm closer to the
village, reducing the time they must travel to their fields (some of which were 15 km awa

Key success factors:

0 Available funding The NGO was able to provide the necessary resources for-fhentip
investment.

o0 Available technadgy: Technology (i.e., the motorized pump) even though rudimentary wa
crucial in the success of the initiative.

0 Change managemerBuccessfully running the project on the ground convinced the local
farmers of the effectiveness of these new methods.

Soure: http://www.care.org

S
—_
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Mitigation opportunitiesin agriculture and forestry coud generate substantial
financial flowsand otherbenefits

The mitigation potential of Africa isnportantt o t he wor |l ddés abil it
warming: by 2020, agricultureand forestrybased mitigation in Africa could
represent 1.2 GEO,e abatement potentiabft of 17 Gt required globally and 19 Gt
available globallyf®at an averageost of $1015 per tonn#& (compared witHb19

38 per tonne for concentrated solar or %5y per tonne for carbon sequestration
developed countriestCapt uri ng Africads terrestrial
through Reduced Emissions from Deforestation and Forest Degrad@®BEDD),

improved forest managemeandafforestation/reforestatioould play an important

role in a&hieving abatement objectives.

Reduced Emissions from Deforestation and Forest Degradajoesents the single
biggest opportunity in carbon abatement for Afrfid80 Mt CQe by 2020, 670 Mt
COe by 2030.32 Funding would be requiretb cover incrementabpportunity costs

of $9 13 billion per yeaby 203033 This muld significantly raise the overall value of
Africabds forest and | and. Besides repre
funding for forests REDD would offer other benefits by for examplereducing
peopl eds ahsupsisternte agricature (slash and burn agriculture )ther

use oftreesas fuel woodA sectoral approach for these issues will require financing
to improveagricultural yield, the development of related infrastructui@g., roads

or warehouse® underpinlocal food supply chains), arldw-carbonenergy 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 includiing/8inge in transaction sts.
31 \bid; exchange rate assumed to be 0U0.79/ $1.

32 Here, REDD includes improved forest management.

33 McKinsey Global GHG Abatement Cost Curve vih@luding $1.2 6/tonne in transaction costs.
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REDD (Reduced Emissios 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, ane tflemaining forest is facing further
exploitation and degradation. Deforestation has been mainly due to
and burn agriculture and fuel wood collection.

PR oy
Project Description: The project aims to reduce deforestation and forest degradation of primat
Malagasy forests and to reforest around 3,000 ha, creating a forest corridor to link fragmenteq
habitats between the Analamazaotra Special Indri Lemur Reserve, the Maromizaha Private F
and Mantadia National Park complex in eeeitral Madagascar. Tipeoject also aims to protect a
area of 425,000 ha, reducing GHG emissions from deforestation and forest degradation (RE[]

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

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

Benefits This project has both soegzonomic, mitigationand financiabenefits:

0 Sociceconomic BenefitsThe project will create 200 jobs in the next 7 years. The project w

also establish wood and fruit gardens, prawidiocal communities in the project angih
alternativelivelinoodsto slash and buragriculture

0 Mitigation Benefits Reforestation will sequester 0.4 Mt g&by 2017 0Over 30years it is
expected to reduce carbon emissions by about 10 Mt @@ear.

0 Financial BenefitsThe credits generated by the project will be marketed in the voluntary
marketto generat additional financial flows

Key success factors

0 Alternative food and wood productid@chniques The projecd success depends on providir
and traininglocal communities with alternativend sustainable techniqusproduce fuel
woodand agricultural products supply their basic needs. These techniques include
sustainable forest management and cultivating fruit gardens.

0 Adequate incentive§ he additional financial flows generated by the voluntary carbon mark

will further compensate the local communities and incentivize them to preserve the foreg

Source:http://wbcarbonfinance.org/Router.cfm?Page=BioCF&FID=9708&ItemID=9708&ft=Projects&ProjlID=968&ndland, K.J.,
et al., Targeting and implementing payments for ecosystem services: Opportunities for bundling
biodiversity consention with carbon and water services in Madagascar, Ecological Economics (2009)

=0 0 =2
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http://wbcarbonfinance.org/Router.cfm?Page=BioCF&FID=9708&ItemID=9708&ft=Projects&ProjID=9638

Afforestation/reforestation has a slightly lower mitigation potential @& & CO.e
by 2020 and 520 Mt C& by 2030 It still represents an opportunityhich would
requirefundingof at least $67 billion per year by 203t coverthe opportunitycost
of alternativeuses34

Low-carbon agricultural techniquegsuch as low tillage techniquesr shallow
flooding of rice fields)havethe potential to abate 460 Mt G&©by 2020 and 750 Mt
CO.e by 2030 Introducing themwould requirefunding to coverthe costs of$7i 8
billion per yearby 20303 However,action in this area is likely to be delayed by
difficulties associatedvith agricultural mitigation such as the fragmented farmer
baseand the difficultyof controling and monitomng.

REDD andafforestation/eforestatiorarealsoexpected tgrovide additionabenefits
to theecosystem such as

o0 Water: Forests increase rain retention and slow downfldwe of rain
downhill. This reduce erosion and the risk of flash flood&nd by
increasing evapotranspiratiadheyspeed up local water circulatigh

o Biodiversity: REDD and afforestatiomfiorestatio initiatives help
maintain biodiversityby providingforested corridors between habitats and
by protectinghabitats for potentially endangered species.

o Living conditions: Aforestation/eforestation combined whit sustainable
forest managemeitan provideural communities with local fuel sources.

Development of a bioenergy indusinyboth local and export markets

The emergence of law-carbonalternative in the transportation and power seator
local and global levels couldive Africa the opportunityto 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 agsatul
productivity andthe development of infrastructure such as roads, warehouses,
irrigation, and local climate measurement. At the same time, a net mitigation impact
of 200 Mt CQe would be registered for Afric’ Improvements in infrastructure and

in overall investor confidence in Africa plus changes in policies (especially around
land tenure and planning, export/import taxes, and incentiwes)ld greatly attract

the private sector to this emerging economy. Guaranteedkafprices and support

34 McKinsey Global GHG Abatement Cost Curve v2.0;26/tCOe addeddr transaction costs.

35 McKinsey Global GHG Abatement Cost Curve vafding $1.26/tonne in transaction costs

36Evapotranspi ration is the sum of plant transpiration and
37 McKinsey: Biofuek 2. Regional 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 industdpne in a
sustainable way, bearing in mind possible water and land constraints. On top of
increasing agcultural productivity, defining the right policies and regulatory
frameworks is critical to ensimg adequate food supplies for the local population.
Estimatesndicatethat Africa has the potential to produce up tdoiflion gallons of
biofuels per yar by 203038 sustainably andwithout 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 he agricultureand forestryopportunities will require significant
support which couldcome througla global deal on climate chang&he deal ould
include a perspective othe adaptation and mitigation funding levels andthe
conditionsa countrywould need taneetto benefit from these fundsA deal would
both enable appropriate sources tltaiuld provide funding on the short term and
scale up over timeandfoster theconditions that will encourage countrieseimbark
on alow-carbongrowth pathway.

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

A phased approactouald allow predictablereliable financing of the different stages
of adapation and mitigation, and could provide immediate funding for early action.
For mitigation, kortterm (now until 2015)financing may need toinclude
emergency money of $100 800 million spread over five years to develop
REDD/adaptation strategies and builgp capabilities, including MRV In the
medium term (2015)significant transition funding a minimum of $1.5 6.9 billion

a year based on opportunity c@stsould be required® This would finance
different mitigation measures including afforestation, re$tationandREDD. The
payments could be tied to policy implementation until a {texgh market approach
is defined Transition money would beaccessibleto countries with the
understanding that thayould eventuallygraduate t@ performancebased apmach.

38 Assuming that 15 biofuels projects are started every year. Each project includes 50,000 ha-attthadiiplant, and
it will produce 100 million gallons of ethanol a year. A project will ramp up in 5 years.

39 Alison Hoare, Thomas Legge, Ruth Nussbaum and Jade Saustersting the cost of building capacity in rainforest
nations to allow them to participate in a global REDD mechan&sssumes $1i92 million per country. Countries
include Cameroon, Congo Brazdie, Democratic Republic of Congo, Equatorial Guinea, Gabon, Ghana, Liberia, and
Sierra Leone.

40 McKinsey Global GHG Abatement Cost Curve v2.0, addib@i%/tonne transaction cost.
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Longer term (2030) performancebased markettype fundingwould need to cover
incremental opportunity costs $14.5i 20.5 billion peryearfor forestry only**

To support adaptation in theedlium term funding will be required for capability

and knowledgebuilding measures. Howevetetailedsectoral estimates on the level

of funding requiredare not availableand the mediumterm adaptationcosts are
included ina generafigure of $1 2 billion peryear. Thiswould covercapability
building, eduation, disaster management, and urgent adaptation actions as described
in the UNDP reportacross the different sectofs. In the bng term (by 2030Q)
incrementalcostsare forecasto be abou$l billion a year** This includes extra
capital investment diarm level, improved extension services at country level, and
part of the cost related to additional global research, @gew seeds).

In addition, land-use based mitigation potential (REDD and A/R for now, agriculture
later) as well as the adaptatianeasures linked to agricultureill need funding,
possibly through carbon marketor other levies Last, @arbon financingcould be
allocated on the basis of a steftdw44 type of financing mechanisto rewardboth

the reduction ofdeforestationand the conservationof forest stock both those
countries witHow pag deforestatiorand those that redudeture emissionsvould be
rewarded

Create the right conditions tsupport countriesto towards a low-carbon growth
pathwaybeyond financing requirements

A deal that fully supports agriculture for Africa would include elemenfadiitate

the bioenergy trade, allowing export markets to develtpwould create ecessfor
African nations to critical technologies related to agricultureThe remit of
technobgy funds currently considered for other mitigation technologies (like the
power sector) should be extended to agriculture technology (climate resilient crops,
irrigation tools) Lasty, a deal should includeapability building support to train
farmers n African rural areaso usethe best agricultural techniques and to give them
access to the agricultural markets that would incesgtihigher productivity and
production of surplus.

Initiatives outside the global deal

African countries can undertake aries of actions to kiclstart this effort and to
demonstrateheir determination to seize the opportunity. These actions could include

41 Ibid., assuming $1i%B/tCO.e transaction cost.

42 |nclude prepation and disaster management calculated by scaling the costs of NABARPCR&y GDP (min) and
Population (max)Also includesadditionalUNDP costs included based on ODA flows

43 yUNFcce global estimate scaled to Africa, includes only agriculture
44 Refas 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 farmgto make longeterm investments on their plot of

land and would encourage commercial farmers to increase their activity in Africa.
Anotheractionthatcouldtaken earlyis to develop anewland use allocation strategy

that balancesconflicting interests (e.g.REDD, bicfuel production, and food
production). Countriescould 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 encounageate investmenés not only for
climate change initiatives, but for the benefit of all its development needs.
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4.2 WATER® PROMOTING GROWTH AND DEVELOPMENT BY
REDUCING WATER SCARCITY

Challengeslie ahead for water, Af ri cad6s most tohsdata®dds ar y
economic development

Wat er I s t he mo s t essenti al producti ve
developmentand it faces quantity and quality challenges

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

fed and irigated) 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 Afren 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 oftenface both water scarcity and poor waterquality. Water
scarcityis defined as a gap betweelemand andotal supply demand in a given
basin 4> Water quality challengesgenerally coupled withinsufficient access to
sanitation,aredefined as dack of infrastructure taleliver poteble water. These two
challenges are closely linked, as failure to address water scarcity will make access to
potable water and sanitatibarderandmoreexpensive. (For example, water scarcity
reduces the dilution capacity of rivers, and thus makes watatment more
expensive.) This section will focus on the resource scarcity challenge; sanitation
issues will beaddressed in therban infrastructure chaptekccess to potable water

Is not addressed in this paper.

SUMMARY OF WATER SECTOR ACTIONS

1 Make strategic development choices that reflect water demand and giveply
forecast precipitation and climate changes

9 Factor climate changato design and planning of water efficiency across
sectorssuch as with wateefficient irrigation for agriculture

1 Climateproof existing and new water supply infrastructsweh as increasing
water storage capacity

1 Leapfrog to new water supply solutisrthat save both energy and carsanoh
as solar powered water pumps

45 Water demand idefined aghe water withdrawalthat would be necessatty satisfy the needs of agriculture, industry
and municipalise gven certain efficiency level®Vater supply is the amount of watbat isavailable, reliable and
accessible througinfrastructure in a given basin, and is therefore restricted both by climate and supply infrastructure.
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Many partsof Africa are exposed twater scarcity driven by increasing demand and
limited supply

There is an increasing imbalance between water supply and derbackl of water
already constrains economic growtkor exampleKenya suffered a 1fercentfall

in GDP as a result of the 1908000 drought and an ldercentfall in GDP as a
result of the 19971998 floods, partly because the country was unable to store and
distribute water efficiently for irrigation and hydropower productiénVithout
further investmerst in supply infrastructurglemandmanagement, or water transfers
(where relevantthe added basihy-basin gaps between water supply and demand in
Africa could amount to 420 kirby 203Q leaving 60 percent of implicit water
demand unmet, and hinderingrhan and industrial developmeit.

Without further investment in water supply, demand management, or water
transfers, by 2030 Africa could leave 60% of its water demand unmet

ESTIMATES EXCLUDE ANY
CLIMATE CHANGE EFFECTS

Projected water demand and supply in Africa by 2030

km3, % Take-aways
=
705 418 A Water demand is expected to
Domestic 6 | | ! grow substantially in Africa

driven by population growth
and economic development

A Without further investment in
supply infrastructure and
demand efficiency, many
African countries will suffer
from water scarcity: the sum
Agriculture* 2 | - of African water gaps could
add up to ~420 km3 of water
by 2030, equivalent to ~60%
of the projected water demand  ®

A Water scarcity could be
especially noticeable in East
Water demand ~ Watergap ~ Water supply and West Africa

Industry 22

* Including livestock

SOURCE: McKinsey Global Water Supply and Demand model, agricultural production based on IFPRI computed general Ki \-‘ ool
)

equilibrium model base case

The main driver of tis water gap is growing demandélthough some countries
suffer from physical water scarcity, a
economi® the insufficient development of infrastructuto store and distribute
wate® and this will increase with growing water demand, driven by population
growth, dietary changeand industrialization. The capitaltensive nature of water

46 Economic Commission for Africad®8

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

Additionally, water supply infrastructure isadequaten many parts of AfricaThe

majority of developing countries hauauilt only a fraction of the infrastructure

needed to cope with existing climatic variabifitjor instance Ethiopia has only

165m°® of water storage per capita (including the new Tekeze dam on the Atbara
River) comparedwith 4,500 mi in Australia, a country with similar climate
variability.48Less han 6 per cent of Ethiopiads irr
whilst figures for neighbouring Sudan are ZXercent and for Madagascar,
32percent*® To achieve the 750 hper capita level of South Africa would cost
Ethiopia around $35 billignor five times its current GDP, but this could be
recovered within a few decad®s

Finally, Af r i dimnitéds groundwater resourcesdieighten the challengel
Groundwater is often used asdmater bankthat can be pumped to buffer against
rainfall variability, and promes water to dry aredsfor example, 74ercentof water
demand in the Gulf Cooperation Council countries is met through groundwater
pumping>2 Although sources of groundwater in Africa deserve further research, their
potential may be more limited than ither 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 rainfalttpens reduce water availability.

Climate changemay worsen water scarcity through higher average temperatures,
greatervariability, and in certain areas a decreaserainfall

Global climate models agree that average temperatures will rise in Afiecaasing

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

in agriculture, or to provide more cooling in industry). Under the medhiigin
emissions scenafdused with 20 General Circulation Models (GCMs) for the period
20801 2099, annual mean surface air temperature in Africa is expected to increase
between 3 and 4°C compared with the I9®®9 period, with less warming in

48 Review of hydrological issues on water storage in international development. Centre for Ecology and Hydroldgy, Britis
Geological Survey, March 2009

49 FAO data 1987

S0 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 fiteé and stored in the ground
52N FAO Aquastat country profiles 2000
53SRE8\lB, see the Special Report on Emissions Scenari os: N a
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equatorial and coastal aredsModels also predict higher climatic variability and
more frequen andintense extreme event® Increasing droughts will threaten water
supply and increase water demand (dag.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 drivei&it is expected that the driest
parts of Africa will experience a decrease in annual rainfall, which wiokedly
decreas water supplyFor example, with the SRES A1B emissions scenario and for
2080 2099, 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
increasan 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 percéfit)

Climate change will have a number of effects on South
Africa® water situation

Expected Description of effect and variance across
changel, (%) South Africa

Accessible supply 1 These numbers come from the effect seen on
from existing -9to +4% effective rainfall

sources

yeia Bupiom

1 True accessible supply impact may vary slightly
by basin depending on storage capacity

. d 1 Given likely temperature and rain-fall impact, this
e is expected to increase uniformly
demand
1 This varies by crops and region, with crops like
fruits and nuts being some of the hardest hit

) 1 Limits the ability of rain-fed agriculture to respond
Effec_t on yield to yield-increasing levers such at improved
of rain-fed ag. fertilization and IPM
1 Implies that additional imports will be required to

meet domestic crop demand

V0T 600Z/90/6Z PAUIPOW 15871

20:25°TT 6002/P0/8Z PG ET'T:

1 Typical change, there were outliers beyond this range

SOURCE: X.Cai T University of Illinois, Weather stations in South Africa, Team analysis O

S4|pcc: Boko, M., 1. Niang, A. Nyong, C. Vogel, A. Githeko, M. Medany, B. Osiilasha, R. Tabo and P. Yanda,
2007: Africa. Climate Change 2007: Impacts, Adaptation and Vulnigyalbntribution of Working Group Il 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 Cassiridge UK, 433467

55 pid.
S6|pcc (see above)
57 Christensen et al., 2007
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Addressing these incremental stresses will meqadditional expenditure in water
infrastructure and management

First, more funds are required to provide additiomater, either through increased
supply infrastructurgle.g., building an additional dangr greater water demand
management (e.g., moedficient irrigation systems). As countries make additional
efforts to increase water provision, they generally incur higher average costs, given
that the water supply coestrve tends to be steep. The UNFCCC estimates the
additional costs of water supptipe to climate change could b®rth $3 billion per

year by 2030n Africa.s8

Secondwater supply infrastructureill become more complex in ordéy cope with
greater climatauncertainty For example, the capacity of new dams is traditionally
calculated @ 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 beemstimated for Africa but they could increase the cost of water provision
substantially, depending on how climate change evolves.

Africabébs water sector devel opment coul d
While building new and more complex watepyision infrastructure and technology,
African countriesmay have a choiceto prioritise, where possibldpw-carbon
solutions to avoid net increases in GHG emissions. The additional cokig/-of
carbonwater provision have not been estimated for Africéaso

Opportunities for Africa to close its water gap in a climatecompatible way

Given the right level of prioritization and funding, the additional challenges imposed
by climate change on water could be addregséolur main ways

1 Integrate climate chrage considerations into strategiconomicchoices that
influence water demarahd supply;

1 Integrate climate change considerationt idesign and planning of water
demand management anefficiency in agriculture, industry and
municipalities

1 Develop anctlimateproof new water supply infrastructurend

1 Explore alternate technologies, instead of ugngrgy and carbofintensive
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 exigig water development plans. Experience in plateh as
Ethiopia shows that successful water development plans integrate combinations of
these actiondSee case example belgwhe challenge in future will be to reassess
existing water development pkum 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
demandand supply

Many strategic dasions are made that influence water supply and demand and the
boundariesvithin which theycan be managed. For examples tmix of activities and
production in a basin influences water demand and can be readjusted according to
available resources. Thistrue fortrade decisions (e.,gaow much food to produce
internally, to export or to import), for crop mix choices (e.gwhether tgorodue@ rice

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

Integrate climate change considerations in design and planning of wateand
managemendnd efficiency in agriculture, industrgnd 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 pe&rcentwhile saving labour and fertilizer costs.
Secondly, incresing productivity across sectors can increase the output per unit of
water used for example, methods to increase agricultural crop yield, such as the use
of organic fertilizers, can meet the same food demand without necessarily increasing
the surfacearea to be irrigated (and may alseducecarbon emissions if replacing
mineral fertilisers).

Develop and climatproof new water infrastructure

New water infrastructure could include building additional storage and buffering
capacity through both large andhall dam projects, and combining water storage
with hydro power generation. Currently only 7 percent of Afiechydro power
potential is develope®® However largescale projects have been identified in the
Nile, Niger, Congp and Limpopo rivers. In addan to securing the investment
required to build and climaferoof such projectsAfrica needs annvestment in
knowledge to understand the potential impact of climate change on water patterns

59 |HA, 2008a
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and the connection to future regional energy demand poolshwhay look very
different from today.

WASTE WATER TREATMEN T AND RECYCLING : Motse
Wa Badiri Camphill in Otse, Botswana

Context: Inadequate waste water management and hanatling
Camphillcurrentlythreatenghe Otse aqtier with serious pollution
that could render it useless for human consumption.

Project: The project aims to reduce the threat of pollution to the Otse aénaifielCamphillby
constructing avetlandto treat waste water. The treated effluent will be Usedrigation.
Affordable and environmentally sound technology will be introducga@égentcontamination. The
project will empowethe Camphill community to manage their waste water resources effectively
through pollution prevention and waste watelyoding. Asthe Camphill community is largely
people with disabilities, the skills acquired from the project are crucial in the economic generati
activities of the cenér.

Benefits Becausevaste water recyclingill mean less fresivaterneeds to be excted the project
will have the additional benefit of reducing the stress placed on the aquifer and hence prolongi
lifetime.

Explore alternate technologies, instead of usemgrgy and carbonrintensive water
technologies

Recognizing that development and adaptation are the main priority, there is also an
oppatunity to avoid energyand carbofintensive 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 usingmodern, renewable technologies to powerdgsalinationplants, or
promoting reliable, familiar echanical pumpge.g, manual, pedal, animal traction)

to access groundwater
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DEVELOPING ETHIOPIA 6 S HY DR OP OWH=R AND ENERGY
BENEFITS

Context: Ethiopia suffers from an already hightariable climate
GDP growth fluctuates with rainfall. Very limited water storage
constrains growtto onethird of its potential. Only percentof the
30i 40 GW of hydropower potentiddas beemleveloped. There is a
history of tensiowith downstreamtatesover development of

Nile. Climate change impacts are uncertain, but there is a general
indication of increasing ruoff.

Projects: Joint feasibility studies with Sudan and Eggptalready underway to develop muilti
purpose water storage tme Blue Nile for irrigation, industry, poweand flood protection.

Developnent of awider network of dams and reservoirs to meet local and national demand for|v
and power and to link to gional food and power markets is still needed.

Benefits Betterwate storage would helpxpand thdcthiopian econony andreducepovertyby
improving agricultural productivity and making water available for small and-Ergke industry.
The projects would eet the demand for power within the country (currently aboyegéent
unmet)and would generate inconmfeom powerexportsinto 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 Nilgdieesd Progress
requires negotiation with neighbouring countries. Environmental and social assessments assgc
with large infrastructure provision needs to be improved and this requires cdpaldigg.
Financing largescale infrastructure will redgue access to capital markets.

Source:World Bank, DFID

Africa can create an enabling environment to rduce 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 provdd® African countries through
existing development mechanisms, the UNFCCC climate negotiatmas other
broader discussions such as trade.

Strong national policy and integration with other climaiéected policy areas is
essential

Good water regulatioand 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. Howevetransforming a regulatory systens usually long and
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complex, and may encounter strong political economy barriers, for which countries
may welcome external support (¢.gnany farmers cannot afford to pay the true cost
of water).

National water planning anchanagement is integrally linked to othmolicy areas
such as energy, agriculture, infrastructuned tradethat are also affected by climate
change Priorities may shift as different sectors are constrained to adapt to climate
change or take the opponity to capture the benefits of mitigation efforts. For
example,national energy plansiay increasingly prioritize clean sources of energy,
thus reinforcing the need for hydropower dams, and deprioritising-eémnghgy
choices like desalination or fubhed water pumping.

Countries are likely to needigportto coverwater adaptatiorcosts

By 2030, adaptation costs in the water sector have been estimated at least $3 billion
per yearfor the provision of additional water (through more water infrastruature
water efficiency technologie8).Fundingis likely to be needed thelp covershort

and longterm water adaptation priorities in addition to those already outlined in the
countryNational Adaptation Programmes of ActiddAPAS).

Near term (20102015) water adaptation priorities include initial financing to
climateproof existing plans and invest in research and capability building. The near
term financing requirement to revieand climateproof existing water infrastructure

plans have not been quargd. In addition to providing financing for incremental
costs, loan and guarantee mechanisms need to be set in place or reinforced to support
the higher ugront investments needed for more complex infrastructure, efficiency,
and productivity efforts aces sectors.

Additional support may also be required fonvesting in knowledge and local
capability building in the following areas:

o <tientific researchto close existing knowledge gapsuch as mapping
groundwater resources, impiog research on the inggts of climate
change on water in Africa, andeveloping new methodologies for
infrastructure design to account for variability and uncertainty

o Economic researchto help set priorities within the four categories
(strategic choices, water efficiency, puativity, and water supply) given
climate change impacts

60 UNFCCC estimates scaled down for Africa
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o Technologcal capability buildingto help countries develop sufficient skills
to deploy and maintaimew technology (e.g., solar water pumps) while
capitalising on Afr ianddestingcjagbsnpet i ti ve

o Financial capability buildingto train African actors on how tdraw on
international funding opportunities such as adaptadjmecific funds

o Policy and institutioml capability buildingto support African governments
thatengage in war regulation and institutionédansitiors orthatdeal with
difficult political and economic issues

An i nstitutional framewor k for dikdlsbvery
be required The mechanisms defined to allocate adaptation fuedd to take into
account the higher risks of investments gmelaterunpredictability 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;emmomay not

be spent on the right priorities or the finaneediuiremenimay grow or shrink over

time as climate impacts occur and needs agssessed.

International efforts to meetexistingwaterrelated development goaland improve
collaboration on watetrrelated isueswould help the water sectadapt

Meeting existing development goakdating toaccess to water would go a long way
towards successful adaptation to water scarcitigi-lateral agreements and
devel opment agencies play a wmaffastructureol!l e i
especially water infrastructure. Meetimgvelopment goals would educe Afri c
vulnerability to water scarcity in general, as well as reducing the complexity and
costs of the additional adaptation efforts needed in the sector.

Internatonal and regionalco-operationwill be needed to mobiles and coordinate
increased research, capabilities and technology in the waterdséotagxample to
foster more complex infrastructure projeckhis could be achieved through bilateral
or multilateal co-operation agreements.

Strong transboundary water management agreements will be needed to ensure a fair
andoptimal distribution and management of shared resources. For exahmlNjlé¢

Basin Initiative is promotinghe sharing of benefits from watédetween thenine
countries that share the waters of the river NRlegional agreements in other sectors
may also have major impact on water demaRdgional energy agreements are
essential to foster more complex infrastructure projects such as hydrogame

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 notedbox on page 47Similarly, regional trade and food
agreemets 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 ENERGYd EXPANDING ENERGY ACCESS IN AFRICA THROUGH
CLIMATE COMPATIBLE T ECHNOLOGIES

Challengeslie ahead for access to energy

Improving access to secure and sustainable sources of energy is central to achieving
the MDGs$1 Electricity is essentiafor 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 regibdevelopment strategies and budgets.
However, despite progress, more needs to be done to increase access to electricity
and other sources of energy in Africa.

Electricity supplyin most of sutsaharan Africas likely to remain nsufficient

There are lege disparities in thenstalled electri@l capacityin Africa; current
installed capacity covers only about 35 percent of the populatic@averagé? but in
Northern Africa it is nearly 100 percent, while in Chad it is 3 percent. Of the total
110 GW capaty in the continent, only around 28 GW are in stdtharan 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, lwalso exposed to higher security and health risks as it usually
relies on alternatives such as kerosene and candles for lighting.

Africabs overstr et c hleedomedxeadinglyi valnetable tes y st ¢
supply shocksyresulting in widespread outag and load sheddindg\dditionally,

power supplyis often unreliables a result odging infrastructurgpoor maintenance,

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

currently not in operating condition

SUMMARY OF ENERGY SECTOR ACTIONS

1 Deployon-grid renewable technologies, primarily solar and hydro, which bu
on natural assetnd can help meet the growing power demand

1 Develop offgrid renewablg@ower and cooking/ heating technologies with co
benefits for development

1 Support energy efficiency programmes through capability building and
knowledge sharing

62 |EA8 World Energy Outlook 2008
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Generating capacity and electrification has been stagnant for many years, with
growth rates barely half those in other developing regfSrBusinessasusual
projections forecast capacity increases up to approximately 260 GW byr268ty

from coal and gas additioi$This could expand electricity coverage to nearly 70
percent of Africans but would still exclude large rural areas irSatmaran Africa (8
percent electrification expected in Chad by 2030, 28 percent in Mozambigjhis
increase in capacity wiltequire longterm investment of over $200 billion and
require strong private sector involvement to deploy, build, operate and maintain these
investments.

Current installed capacity in Africa is concentrated in a few countries
° % of total capacity
Installed capacity
GW, 2006
110 g
15 17 22 | Hydro @ H
| amln 1
| E— E4=<F z
39 ]
41 Coal @ 5
11 %
roniakl iz B o=
,,,,, e Other @ ]
g—y 67 o thermal B
|:13 Other e 2
2
Egypt Algeria Other Total South AfricaNigeria Other SSA Total SSA Total %
Northern ~ Northern Africa 5
Africa Africa b
T Almost 80% of installed capacity is concentrated in Northern Africa,
. South Africa, and Nigeria
I Three-quarters of the electricity produced comes from thermal power
plants (coal, natural gas, and gas fired power plants)
Source: EIA, with adjustment from UDI; team analysis O l

Non-electricity energy supply is largelgnetwith unsustainabl®iomasscollection in
subSaharan Africaleading to forest degradaticand impacting health

About 75 percent othe population ofsubSaharan 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
641EA3 World Energy Outlook 2008
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Chad, ® percent in Congoj® Although reliance on fuel wood is expected to
diminish in relative terms (around 57 percent of the-Sabaran Africa population

will use it by 203@5), the absolute number of peoplelying on biomassn sub
Saharan Africa is projedleto increase to arount billion, consumingnearly 550

million m® of fuel wood per year by 20367 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 largeollection burden on the population, especially
women and children, and causes death and disease through smoke inhalation.

Africa harvests around 630 million m3 annually, mostly as fuelwood

( )
Angola Tt Congo
Fuelwood 3.6 Fuelwood []71
/Wl Industrial wood [1.1 Libya Eot Industrial wood | 4
Total 4.7 Total 175 .
s
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Senegal Mg chad Erite Tanzania =
Gambia Dijibout o
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. c g
Africa oot A ey Total [ ]24 5
Benin 3
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o panca Mozambique
Total 628 Tanzania Fuelwood 17 é
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frEsh lalawi Mozambiqu} S
Zambia 1 TOtal 18 ;
. J 3
Rest of Africa* Zimbabw
Namibia ( Y
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Industrial wood | 40 o] Fuelwood 12
Total 476 Lesatho ~£ Industrial wood [ 18
South Africa
Total 30
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* 68% of remainder coming from Ethiopia, Nigeria, Uganda, Kenya, Ghana, Sudan, Egypt, Guinea, Bukino Faso and Cal ero G
Source:FAOSTAT, FAO Gt

Climate changeouldincrease pressure on the main energy sources in Africa

Climate changeould pose three main challengestmadening energy access and
security in Africa. Firstly, some aterintensive power sourcegespecially
hydropower) may becomeincreasingly unreliable in certain areas: for example,

65|EA8 World Energy Outlook 2008
66 |bid.
67 Scaling up BieEnergy in Africa (AFREPREN/FWR008)
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hydropower in southern Tanzania is vulnerable to increasingly frequeunglds,

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, weataed
pressure on energy.

Tanzania electric supply is threatened by low maintenance and droughts,
affecting the entire economy

Development challenge: Tanzania electric capacity is tight Tanzania& economy is impacted
Installed capacity, supply and demand - i Severe impact on industry during
MW, % Growing 10- load shedding:

15% annually T 31% of GDP is generated by

920 sectors impacted by power cuts
787 T 60% of firms have their own
Thermal| 37 | 325 ] 595 [C192] generator (high cost)
T Others are forced to stop

Hydro e production

Installgd Unavgilable Cur_rent Unserved Peak i Massive investment needed to
capacity capacity available demand demand mitigate the risk in the future:

capacity I fTanzania needs about $1,5-
billion over the next five years to
revamp its power sectoro-

paluld  pTiZE60 6002/S0/TZ PRYIPOW ISeT - eiq Buiuom

Adaptation challenge: droughts put the country under pressure

1 Regular power cuts since 2006 because of drought Tanzania Ministry of Energy and
T Up to 8 hrs of cuts per day in certain areas . Minerals
. ) I President Kikwete announces
I January 31, 2006: the country& six hydropower plants were plans to generate 200 MW of
generating only 167.5 MW, or less than 30% of capacity electricity from coal and build a
T February 26, 2006: generation further declined to 50.5 MW natural gas plant in Songo
(less than 10% of capacity) and Tanzania began to rely on Songo to generate an additional
natural gas from the island of Songo Songo and diesel 300 MW of electricity
SOURCE: UDI; Press search; World Bank McKinsey & Company | 1
Secondl vy, gl obal concerns around cli mate

forests as a major global carbon sink and source of biodiversity (see agriculture and
forestry section of this document). Africa currently represdr percenof 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 increatsmiand for fuel

wood as a source of energy, and the desire to protect &frittaests. 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 néwgh arbon
infrastructure, African nations may want to fiddw-carbon power generation
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options and to improve inefficient transmission grids and appliances. Although
Africa is only responsible formout 3 percent of the worl c
develops it risks locking in carbdntensive energy infrastructure. For example,

South Africa is building & GW of coalfired generation before 2015 and projects in

the design phase could account for @8V of natural gas generation by 2030 in the
continent8 As a result of these trends, African GHG emissifnosn the power

sector alonare projected to increase fraheir current 400 Mt C@e to 630 Mt CQe

by 20306

Opportunities to broaden access to sece energy supplies andat 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 clinta@patible way. These include
developing major omgrid hydro, solar renewable powerand geethermal power
where applicablerolling out smallerscale offgrid renewables particularly in rural
areas; substituting fuel wood with more sustainable heating and cooking sources; and
implementing energy effici@my progranmes, especially in transmission and
distribution.

These opportunitiesake advantage offricaG natural resources, offering energy
security at competitive cost as technologies improve, and could access international
climate funding to supportheir deployment. Overall, clean power sources could
contribute at least an estimat8@5 Mt CQe by 2030to global GHG mitigation
efforts, with appropriate funding support required to cover an annual incremental cost
of around $8.810.5 billion(relative b a baseline mix of coal and gas generatién)

As well as broadening energy access, there is growing evidence that these
investments create more growth and jobs than higadyon choices for an
equivalent unit of capacity when the overall value chaicoissidered Research in

to employment inthe solarindustry, for example, found that can contribute to job
creation’t Therefore, African countries with an attractive environment for investors
and a demand for clean technologies could attract maoufagtfacilities across the
value chain andouldgenerate growth and employment.

68E|A; UDI
691EA

70 McKinsey Global GHG Abatement Cost Curve v2.0, (including nuclear in South Africa, not includigddff
electrificationnor avoided deforestation from substitution of fuelwood)

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

Cost
$m

Installed capacity
GW

Geothermal -46 [2
Small hydro 24 IZ‘
Off-shore wind 6?:2 4:'
Nuclear 730 11
Solar PV 1,002
e

Concentrated solar 1,5?1 16
On shore wind 224
Other on-grid ZLZO
Off-grid power** 10,000-14,000 5-}0
—_— ]

Energy efficiency 9

Total 18,619 | 218

Includes CCS, shift of coal to gas, biomass co-firing and biomass CCS 77X
*  McKinsey estimates assuming solar home systems K ) Glvan hangaod
SOURCE: McKinsev GHG Abatement cost-curve 2.0 —’

1. Developing major ogrid renewable power

Africa has abundant solar, wind ahgdrological resources that coule used to
generataenewableslectricity. Some areas kBkKenya 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 Afichighesipotential clean energy

source. Current installedapacity amounts about 22 GW, which according to
different studies represents between 7 and 20 perokribe total theoretical
hydropowerpotential in Africa.”2 Four main sites have been identified that offer
opportunities for largscale hydropower, mdw in the Congo river in DRC
40percent of Africaods | 6&W)xqedthe Migin &thigpat ent i
(20 percent of potential, about 4BW), but alsoon theNiger and Limpopo rivers3

There are multiple challenges in turning such projectsrigdlity, including:

o Connectivity to demarddmajor damswould need tobe connected to
regional demand markets, whicbuld take timé regional cooperation is
needed, includinghe development of open, competitive regional power

721HA 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 dewelat. Centre for Ecology and Hydrology, British
Geological Survey, March 2009
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markets and crodsorder powe transmissiorgridsthatconnect to national
power systems.

o Cost and investmediteven thoughthe variable costs of running these
assets may be Igwhigh capital costsand the socigpolitical stability
required to attract investors may still be obstaclesniplementation. For
example,although Grand Inga couldequire between $750million and
$1,770million per GW, depending on the epe?4 butrecurrent conflicts in
the area make it difficult to attract investoosfinance the up to $70 billion
required

o Social and environmental impadtsnajor dams can displace human
populations, and (for example) cause sedimentation and biodiversity loss
due to flooding.

Major solar installations could be a second lasgale power source in Africa.
For exampleMorocco las unique assets to develop large solar power plants
costcompetitively: low labour costsun and free space in the des@ee case
study below) One study identified the potential to generate up to 230 TWh
per year by 2030 (and 700 TWh per year by@dtom installations in North
Africa and the Middle East These projects face many of the same barriers as
those identified for sol&r connections to demand, costs, and high initial
investment. One possible solution is to connect North African genetation
stable demand markets in Europe.

74 How to make the Grand Inga Hydropower Project happen for Af\¢arld Energy Council, April 2008); McKinsey
Global GHG Abatement Cost Curve v2.0

7STransCSP study for GermaRederal Ministry of Environment, 2006
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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 world Inga falls.
Currently, Inga | and Inga Il operate at low output and
represent about 4 percent of the hydro potential of the
Inga site. Plans are underway to rehabilitate théwo
dams and to build Inga Ill and Grand Inga, two
massive new hydroelectric stations.

Project description. Gr and |1 nga, t he wor | ddbsyartlofaargrgates t
vision to develop a power grid across Africa tbatildspur the continefs industrial economic
developmentGrand Inga could produce up40 GWof 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
beingtouted as a way tdight Africadby companies that stand to benefit from it &yd
governments that hope to receive power frort it listed as a priority project of the Southern
Africa Development Community (SADC), the New Partnership for African Dewveent
(NEPAD), and the World Engy Council.

Key success factorsA project like Grand Inga requires
0 Significantfunding capacit§ around $60 billion
0 Technical cooperation between multiple actors, often international
0 Socio-political stability to ensuréhe project is viable

0 Market cooperation fazonnection to the grid ardistribution of electricity
Source:Press search

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 particulahe extent to which local capabilities and jobs could be
built around the different elements of the value chain, so securingdomggains for

the local economies.
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DEVELOPING LARGE-SCALE SOLAR IN MOROC CO

i Context: Morocco has the right mix of assets to develop large,
l costcompetitive solar powerplants: low labour costs,sun, and
AL WY free space in the desert. It is close to Europe, a large energy
B ' market in need oflow-carbon energy to meet its renewable
energy targets.

Project description: Installing largescale solar generation capacity in the Maan Sahara
could both serve North Africa aqutofitably sell solar power in the EU by 2020mits to grid
expansiorare likely to preveniorth Africa from installing more than 83W for export to
Europe, corresponding toperceno f  Eur o p ey®s2030 ect ri ci t

Benefits Moroccan solar P\¢ould be attractive to a Morocco power plant operateith
operating marginabovel0 percent*generating revenues o2S$billion (about 6percentof
North African GDP). Additionally, North African countries coullhyin many parts of the
value chain (both component and raymponent), withthe benefitsof industrid development
and job creation.

Key success factors:

d Stronginternational efforts to generate volume and lower the capex cost of technologie
like sola PV (50 percent higher capex reduces IRR by 30 percent)

& Domestic policy support to streamline approval processes and unlock current limits t@
energy exportsstyear delay imequired grid capacitseduces IRR by 40 percent)

d Extensive capability buildingmporting labour reduces IRR by 10 percent)

d Adequate funding mechanisrferedible carbon marketspncessional finange

d Technical and market cooperation for the distribution of electricity.

* Assumes solar power is sold at wholesale electricity penesencounters no border taxes

2. Rolling out smalkcalemini-grid andoff-grid renewabés

Although centralied ongrid 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-gaff renewable solutions are
complenentary to renewable egrid ones. Off-grid power technologies can include
small hydropower, solarand wind, which togéer have the potentigl if every
household were to use one of themproduce nearly GW at a capital cost of $10

15 billion.

Small hydropower projects (small or micidams) are gaining interest again in Africa
after years of focusn large schemefRRecent studies have shown that electricity
generatiorthrough small hydropower (SHBgnefits fromshorer planningperiod,
lower investmat needs(average generation cost aroufitd/MWh76), and lighter

76 |nterviews
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environmentabnd socialmpacts’? They canoften be developed in local community
projects without the need for international coordination, aoconomicallyviable,
proven technologies areonmmercially available for generating both electrical and
mechanical power for rural industrialisation and development

Tungu Karibi off-grid community micro hydro power project: benefitting

rural communities in Kenya

The project was set up as a community owned and
operated initiativeé

€ which allows huge potential benefits to the local
people, surrounding environment and businesses

Basic project details:

1 Technology: run-of-the-river type micro-hydropower
Capacity of 18 kW

Cost: 63,700 USD (3,500 USD/KW installed)

—_—C —

Stakeholders and management:

1 Implementation was undertaken by the Ministry of
Energy and the Intermediate Technology Development
Group (ITDG-East Africa), with funding support from
UNDP-GEF

I The 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 day® labour per week for the construction of
the plant

I Power users pay for the power used at rates set by the
organisation

Barriers

1 Legislation still prevents private distribution of power to
households, which this project aims to challenge

1 The community organisation is battling to raise the
capital for Phase I

Environmental:

1 Electricity is being generated from renewable sources

1 Energy 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:

1 One of the planned electricity users is a local clinic

1 Residents use water directly from Tungu River, often not
boiled because of the fuel requirement. Electricity would
allow for water to be boiled. A Phase Il project is planned
to expand the plant to allow for the pumping and
purification of water

Local community:

1 Poverty 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

I Education: children would be able to study in the evenings
under electric lighting

I Social: Women are involved in management, and thereby
have stronger influence in community development

SOURCE: UNDP GEF, Best Practices in Sustainable Rural Energy Development
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Two barriers may limit the potential of SHP. First, they are not suitable in areas
prone to drought, but have potential in areas likethern Tanzania that have
abundant and regular rainfall whighlikely to increasewith 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 expltieir 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

52



Wind and solar energglsohave substantial potentialespecially to electrify remote
area® provided that they are coupled with credit facilities to help households and
communities cope with ufyont investments.

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 a&nd rely primarily on
biomass, paraffin, and liquid petroleum gas.

Project description: The project aimed to pilot the installation of solar home systems (SH$
complemented with other domestic-gfid systems such as domestic biogas and hybrid
renewale systems for public facilities such as the clinic and the school.

~—

Benefits The project yielded multiple benefit&nvironmentabenefits includediecreased
deforestation ratesndimproved management of wastetealthrelatedbenefits included
improvedwater quality and air quality in homeshich decreased associated health problem
Socialbenefits included less time spent by woraetiecting fuelwood, lightingthatallowed
reading and radio and TV access

"4

Key success factors

& Community involvemenand cooperation in management

d Adequate financing mechanisms such as grants to pay for outside expertise and projec
up; and loan services coupled with guarantees for technology adoption

d Capacity to design muitechnology projects that reduce oveatieosts

0 Technical and managerial expertise for local capacity buildorgexample, development of
skilled personnel able to install, maintain and market the majority of the systems

Source: Rural Energy Initiative

The potential and cost of effrid opportunities has not been quantified so far for
Africa, but an example can give an idea of the order of magnitude that this could
representProviding minimum access to electricity to every househol@&tepl to be
off-grid by 2030 ould add 3840 MW of capacity at a capital cost of $16
billion.”® The costcompetitiveness omini-grid or off-grid renewableiechnologies

varies in each area depending on the alternative: where access to the grid is not
avdlable 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 béore 2030, and with theght financial incentives to encourage learning and
deployment, this tipping point might arrive even sooner.

78 Assumes a cost of $10050 per househdlincluding 100 GW solar panel, batteries, four lightbulbs, switches, and
wiring.
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3. Substituting fuel woodith more sustainablbeating and cookingources

To avoid the forest degradation that unsumsthie biomass use is causing, Africa
household€ould switch to sustainable biomass sources, or substitutevoed with
otherlow-carbonalternatives.

Sustainable biomass could yield new sources of income in the long term. Biomass is
likely to remain afundamental 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 fuelvood sourcesvould 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 offgrid renewables, other technologiesuld substitute for
unsustanable fuel-wood, with both social and environmental benefitsThese
technologies include biogas stoyeslar stovesand biofuelbased units, which are
likely to be costeffective today in most remote areas. They have the additional
benefits of reducingabour 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-itoedd 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 placemasidbe
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 briquettdired stove can cost $880 per unit, but some techniques @dapt
existing stoves and therefore require no capex, whereas more industrial technologies
such as biogas will require distribution infrastructure (e.g., pipes) whigipisally
expensive. The main opex cost will be labour in the case of decentrsdizgibns

(for example, wastbased briquettes require time to collect and prepare the waste) or
the price of fuel in the case of more industrial solutions (e.g., biogas, jatr@pha
algaebased biofuels). Finally, implementatiaon a large scale is likg to be
constrained by a shortage of resources to deploy technologies;cakewtheir
advantages, and train users in communities and remote areas.
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COOKING WITH RENEWAB LE OFF-GRID SYSTEMS TO
REPLACE FUEL WOOD

Context: I n some of Af-prodecagd s
countries like Rwanda, Tanzania, and Burundi, more th
80 percent of current energy needs are met from burnir
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
sun. The briquettes ignite readily and throw out a stead !
heat, ideal for cooking.

=

Benefits:Br i quettes ar e made bnical dgaipment. Byrebladihg fog
wood, they reduce pressure on forestsdeateaséabour needgWomen sometimes have to
walk over six hours a day to get firewopd

Key success factorsProgrammes teshowcase the technology amdin populationsre neded
toroll out these technologies.

Source: Press

4. Implementing energy efficiency prograes

Finally, increased efforts on ergy efficiency provide costffective opportunities to
reduce emissions arexpand thegrid. A study on energy productivity in developing
countries estimated that Africa could save aboup&@ent of its endise energy
demand by 2020 bsaising energy diciency across sector8.Opportunities exisin
buildingsinsulation (to avoid heat and cold losses), efficient appliarcetefficient
industial equipment and processes, and could d&@million tonnes ofCO,e by
2030with average savings of $3@/D,e.80 Nevertheless, some of these opportunities
are likely to bedifficult to capturein the near term, due to the capex required, the
difficulty in enforcing building codes and energy standaiddsadditiona) large
potential exists in cutting transmissiand distribution losseg\ccording to a study,
two-thirds of subSaharan African utilities report losses of more tharp@ften®l

Part of these may actually be explained by failure to bill a certain proportion of
electricity users. System configurations@ explains some of these losses but
redesigning gridsvould 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
8lo Af r i ceard sSwPppM v Cri sis: OMWMF2008& |1 | i ng the Paradoxesbd
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costeffectived energy savings and improved servicewdorecover the cost. Taking
advantage of these opportunities magguire regulatory change® incentivise
utilities to invest in maintenangewith the consequent technical and institutional
capabilities required.

Deployment oflow-carbon technologieswill require support

The climate change debat®uld help Africaswitch to a lower carbon infrastructure
in three ways

The deployment ofow-carbontechnologies is complex and requires a number of
enabling elements as well #¥ removal ofcertain barries. A 2005 survey by the
UNDP/World Bank Energy Sector Management Assistance ProgeaEBSMAP)

asked 51 business developers in the renewable energy sector (across a variety of sizes
and types of organizations in the value chain and across geographiedinonclu
Africa) about the barriers they encountered to scaling up renewable energies in
developing countriesThe most frequently citedarriers were @gulatory risks, lack

of financing, weak institutional capacity in developing countraasd weak or iH

suited infrastructure (both power grids and trangport

Developing countries face different types of barriers to implementation
of environmentally sustainable technologies

Perceived barriers*
Percent of countries mentioned Examples

Economic/market Lack of financing

—_C—C

Poor business case given costs, subsidies, etc. g

Information/ 1 Existence not widely known g

awareness 1 Limited information on costs, performance, operations / malntenanceg%
|

Lack of information on how to acquire / implement
Required policies, standards, codes not in place

Policy/regulatory Existing laws not compatible (e.g., grid access)

002/50/.Z PaIPO}

—_C ==

Technology not expected to work under local conditions

Technical g

Human 1 Lack of skilled personnel for installation, operation, and maintenanc&fﬁ

Institutional 65 1 Lack of require_d ins@itutional support for capability building, 2
enforcement, financing, etc

Others 43

Infrastructure 30 1 Supporting infrastructure not in place

Haiti, Indonesia, Kenya, Lesotho, Malawi, Mauritius, Moldova, Niue, Paraguay, Tajikistan, Vietnam, Zimbabwe.
Source: FCCC/SBSTA/2006/INF.1; Project Catalyst technology team

* Based on submissions by 23 countries: Albania, Azerbaijan, Bolivia, Burundi, Chile, China, Dem. Rep. Congo, Dominican Repl., E@ Georgia, Ghana,
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Domestic policy support iseeded to successfully integrate energy strategy into
climateresilient development plans

Given Africads demgraphic and urbanisation trendeng termplanning ofenergy
infrastructure isessential to optimise investments and diversify energy production
African leaderscan build on effortsto understand the potential and develop a
favourable environmerfor low-carbontechnologies. South Africa, for exatephas
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 p@& which could accelerate and help allocate the
wor | do sow-sathanenergy deployment capacity to the developing world. First,

it is important to create an attractive environment for investors by reducing perceived
regulatory risks and levelling thplaying 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.eden tariffs), enforcing standards on
energy efficiency, or changing incentive schemes for utilities. For example, South
Africa recently approved feed tariffs to foster renewable technologies, though
most subSaharan African countries are likely ta@uere 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 noAFOECD countries, 2007
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Saource:lEA. World Enerav Outlook 2008

57



Support could be provided fdinancing, technology deployment, and capability
building

Building a climatecompatible energy sector in Africa requires additional financing

to cover higher costs and higheripnt investmentsA globd agreement on climate
change ould 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 documerit)cremental costs for the energy sector could

be inthe order of$8.9 billion in 2030 to support the incremental costs of the above
initiativesand to climateproof existig energy sector infrastructure.

A global deal could also support capability building in a number of aneasling
technology installaon and maintenance, accessing international funding
opportunities such as CDM and carbon markets, andolitypand institutioml
reform.

Finally, as outlined above,abriers to technology deploymemiften depend on
national policies. Although often disssed, 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 Africabjectiveso address technology
deployment barriers throughpecific mechanisms t@nsureR&D into sccalled
@rphan technologiésto promoteinternational joint initiativesand to resolvelP
disputes.

Regional collaboratioris needed in order to realidarge-scale projects

Regional collaboration isnportantin Africa for the creatiorof subregional energy
pools (o enable large scale hydropowertake ofj and the development of complex
projects. he conti nent 0 asrecenuentratgpd in Gardiuloolicountees

(40 percent osubSahararAf r i cads hydr e DRCandr20 percemtot e n 't
in Ethiopig). Physical and political barriers to trade makdifficult to access cerds

of powerdeman@d andinvestments are too large for one ewmmy to bear alon&
Regional power grids are emerging at different rates in North, West, &abt
Southern Africa, but PaAfrican power grid integration depesmdupon the
construction of transmission links through the Congo Basin at the heart of the
continent. This has not been possible until nowdmuld be achieved in conjunction
with the Grand Inga project, as it would only be economically viable if power could
be exported to North, Westnd Southern Africa

826Africads Power Supply C&IMB2008: Unravelling the Paradoxes:¢
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