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Executive summary

Regional climate change projections in SoutherricAfrbased on GCMs comparing 2080-2099 to
1980-1999, indicate that global warming will mdkely lead to greater than the global annual mean
temperatures for all seasons, 3.1°C for summer mgrand 3.4°C for winter warming (Christensen
et al, 2007).

Warming in Southern Africa will lead to increasirainfall intensities, decreasing frequencies of low
intensity (soft soaking) rainfall and longer dryripd between rainfall events. This will result in

more severe draughts, floods and heatwaves, whithead to greater food insecurity. In historic

times, draughts and floods had already major ingpact Southern African populations. Around

1200 to 1500, droughts led people to abandon sedties in the Kalahari Desert. The Lifagane wars,
starting in about 1815, were characterized by aye&s- period of famine and violent conflict

between peoples in Southern Africa. During the 19992 draught, 20 million people in the region
(15% of SADC population) needed food relief (Dejenal 2011).

Many parts of Southern Africa face two criticaloasce constraints on development, namely energy
and water. Energy and water are closely linked iti¢rdnt levels and scales. Water drives the
turbines of hydroelectric power plants. Processihgoal and cooling in thermal and nuclear power
plants requires water and energy is required tpttigat and distribute water. Even at the houskhol
level, we observe water-energy linkages. When ugiatgr-saving showerheads, for example, we
not only save water, but also electricity for hegtihe water. This complex interconnection is chlle
the water-energy nexus.

At the same time, coal-based power plants emielargounts of greenhouse gases (GHGS) into the
atmosphere, contributing to climate change andaténvariability which then leads to floods and
droughts. In times of drought little water flowstdnhydroelectric dams, affecting electricity
generation. For rural communities the greater feegies and severity of droughts and floods caused
by climate change leads not only to crop failurd smbsequent hunger but also interferes with water
supply technologies when, for example, the wateelte in boreholes rise or fall beyond the
specification of the pump. Thus climate changecality impacts the water-energy nexus.

The International Development Research Centre (IPRCCanada commissioned the Energy
Research Centre (ERC) at the University of Capemmtavassess the water-energy nexus in the
context of climate change. ‘The goal of the explmma project is to analyse the way energy and
water services can be combined and improved to reehaesilience and adaptive capacity of
communities to climate variability and change’.

After an introduction to the water-energy nexu$outhern Africa (Chapter 1) and a brief review of
the four countries studied as well as climate ckhasgenarios for the Southern African region
(Chapter 2), the study reports on the followingrfowajor research topics identified by the Southern
African team:

1. The state of integrated planning of water and gneegources in the context of climate change
(Chapter 3).

2. Opportunities and barriers for renewable energyhrielbgies for rural water services in
Namibia, Botswana and Mozambique (Chapters 4 and 5)

The water-energy nexus in policies of South Af(iChapter 6).

4. An investigation of water supply adaptation teclogi#s and strategies in a case study from
Lesotho (Chapter 7).

The assessment is based on secondary data throergissadisciplinary desktop study, discussions
with experts and two workshops. The countries aeden this report are Botswana, Lesotho,
Mozambique, Namibia, and South Africa.

1. The state of integrated planning of water and energy resources in the context of climate change

Access to clean drinking water and modern afforelaiergy sources are primary goals of most
developing countries’ policies. Southern Africanuntrsies have opted to expand infrastructure,
industrial development and agricultural productimn create badly needed jobs for a growing
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population. However, the region faces two critiocesource constraints on development, namely
water and energy. Both sectors will compete forcavater resources in the region. The energy
sector is growing and is still largely fuelled byat-based power plants in South Africa, Zimbabwe
and Botswana. Coal-based electricity generatiorswames more water than any other power plant
except nuclear. National development plans focusnugnergy plans and water plans separately
often not integrating the other sector’s resous® u

Using renewable energy technologies for water sesvin developing countries is able to address
both the need for energy and the need for wateficesr in the most vulnerable areas. Wind and
solar photovoltaic renewable energy technologieshasdly any water and are therefore the energy
technologies of choice in water-scarce remote axelsish are not connected to the national
electricity grid. Further research on planning ar=der and energy resources, climate change and the
role of renewable energy resources in integrateéldpment is required.

2. Opportunitiesand barriers for renewable energy technologies for rural water servicesin

Namibia, Botswana and Mozambique

This part briefly describes the different techn@dsgcurrently used in rural sub-Saharan Africa to
access, treat, distribute and use water (see Ghépt&he selection of the appropriate technology
depends on many factors, from intended end-usénefwtater (for agricultural irrigation or for
providing hot water in a clinic, for example) toethvailability of components and local technical
skills. Furthermore, the way these technologiesdasigned must also be able to adapt to climate
variability. Examples include rainwater harvestsgystems that can accommodate varying rainfall
patterns or pumps that can respond to changes ter wables, or applying conservation tillage in
agriculture which slows down the movement of wated conserves on fuel use and reduces soil
erosion. Considerations for assessing technologjcel are given in tables. Issues around the
introduction of new technologies and technologysfar are discussed.

Case studies of energy technologies in rural waipply are described and analysed in Chapter 5.
Three Southern African countries, Namibia, Botswand Mozambique, are selected for the case
studies. As an example the NAMREP | and Il projectNamibia are given here; detailed
descriptions and analyses of projects in BotswawtaMozambique are reported in the main body of
the report. NAMREP | provided technical assistat@egovernment, NGOs, finance and other
sectors to remove barriers to and facilitate theevécale introduction of solar technologies.
NAMREP Il delivered solar energy services to ruamd off-grid households using effective
financing schemes. To address the barriers, NAMR&Rht to achieve five outcomes: capacity
building in the public and private sectors and NG@stablishing a framework of policies,
regulations and actions to supporting renewableggnend off-grid electrification, increased public
awareness and social acceptability of renewableggntechnologies, appropriate financing and
product delivery schemes, as well as learning,uat@in and adaptive management.

NAMREP achieved high levels of success in buildiagacity, putting in place policy, laws and
regulations to support RETs, and setting up apjatgpfinancing and product delivery schemes. It
managed to raise the status and awareness of thatipb of renewable energy technologies in
Namibia, increase acceptability amongst stakehsldmnd achieved considerable success in
introducing RETS commercially in the country. Itshalso facilitated the development of new
standards for RETs in the country. However, thgeatcencountered a number of challenges during
the implementation of objectives. The global gdal,increase affordable access to sustainable
energy services thus contributing to climate sisdttion by reducing or avoiding G@&missions and
improving livelihoods and income generation of fupeople, was not fully achieved. The
development objective, to promote the delivery ommercially, institutionally and technically
sustainable solar energy services, was also ntt &dhieved. Support for decentralised RET
companies was not very satisfactory. The objeativeapacitating vocational and training centres
and providing technical training on RETs were pregd by changes in legislation.

A major concern of NAMREP was the fact that it byged the off-grid and rural communities which
were the intended beneficiaries of the project. Tden facility was mainly utilised by urban
households and commercial farmers and thus the iasdrapidly depleted. These households were
better equipped to make use of the loan facilityttesy had more experience with financial
procedures, had access to banking facilities, legdlar income and therefore were able to make
regular repayment of loans, and already had agres#led with basic services (Schultz, 2011).
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It appears that a common aspect of the unsuccessfyponents of NAMREP is the lack of follow-
up. Most of the unsuccessful areas were not sulijettte most reliable measurements of the levels
of success achieved. In particular there were ppl&r or end-user surveys for assessing emissions
reductions and increase in the usage of RETs. Teans that conclusions were based on
preliminary studies or secondary research ratham trerifying the outcomes of these objectives on
the ground. This does not mean that actions weténmgemented but it is difficult to accurately
quantify levels of success without measuring pregiren the ground. One of the principle factors
behind lack of evaluation may be the ‘end-of-prbgady’ not being completed. The contracts with
the funding agency expired upon completion of tteget and it was not established who would be
responsible for continuing the project after NAMR#&Rs completed. This meant that no-one took
responsibility for completing the end-of-projecidy and therefore certain elements of an accurate
and comprehensive project evaluation process weggected. Furthermore, by not properly
evaluating initiatives on the ground, problems baroverlooked and initiatives will continue to be
implemented in an inappropriate manner. Addrestirsgproblem would help to improve the degree
of success of NAMREP.

The barriers, opportunities and gaps of the castiest were analysed using a framework of seven
categories; market failure, market distortions, neenic, financial, institutional, technical, social
cultural and behavioural barriers. An example ofketfailure is described in the Mozambican
project of WaterAid in Niassa province. Many RE heclogies and spare parts could not be
manufactured locally as the market demand is tag Wehich made the cost of production too high,
so these technologies had to be imported, whichentlaein unaffordable. A particularly significant
and known element of market failure is the non-@eration of externalities in the pricing of
conventional energy as well as hidden and not-ddem subsidies. This makes it difficult for RETs
to compete economically and many of the descrilveegis cite these as barriers for the widescale
use of RET. Economic and financial barriers arehigh initial cost of RETs which make them
unaffordable in the poor rural areas where theynamst needed. The high cost of capital, lack of
access to capital and lack of financial institusidarther compound the problem. Government funds
in the Southern African countries are limited andemal donors play a key role. This fosters
dependency and creates sustainability problems threctoreign project funds have come to an end.
Projects need to adopt a framework that enablesmoities to generate funds using RETS.

National institutions do not have the capacity émgrate and disseminate information, and this task
is left to an already overloaded provincial goveeminor municipality which lack the resources to
carry out these important functions; they are assalt often neglected. The lack of stakeholder
involvement is a concern in many of the projectse Tack of private sector participation, which is
evident, is caused by the risk in investing in éhprojects and the fact that better opportunite#l
other investments. The lack of consistency in gowemt policy causes uncertainty and further
reluctance to invest.

A major element of technical barriers is the lalskilled personnel. This is linked to capacity in
communities especially in rural communities. Thisralso a lack of entrepreneurs in the renewable
energy sector in the countries of the case studies.

Social, cultural and behavioural barriers, expreédaethe lack of consumer and social acceptance,
are raised in all projects. The main reason fosghis the inadequate information and education
about the product. Products are then seen asaiinferior and a preference for traditional egerg
remains.

There are a number of other barriers that canngrdweped under the previous six headings but are
still prevalent. Uncertain government policies are of these. Un-supportive policies for RETS,
lack of government capacity and lack of faith inTRErom the government were all evident to some
degree in the projects in Botswana, MozambiqueNardibia.

Lack of infrastructure is another significant comcin all these countries. Roads, connectivityhte t
grid and communications infrastructure all becanpgablem especially in the remote settlements.
These are difficult conditions under which to impknt a project based on new renewable energy
technologies and also make achieving sustainabilitthese projects challenging. Emphasis on
supporting infrastructure is acknowledged but diffi to address without huge investment.
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Opportunities

The success of some of the projects highlightogportunities they present. The projects show how
good planning, management, and education can madign#ficant difference, and how to use
limited resources as effectively as possible. Conitias taking an active role in the project and
leadership from local government were essentiakigrly all the successes. Without these influential
players the projects would have lacked the initeathey provided. This is important because it is
not merely lack of funding that is a constraintpimjects, and this is visible in the many other
barriers encountered in the case studies provitteis important for communities and local
governments to develop other components that geoppend on so that, when they do manage to
receive the required finance, the necessary conditexist to support the funding and make the
project a success. This kind of mindset needs tagptied to all projects in order to move away
from a dependency mindset, and presents an opjigrtancommunities and local governments. In
order for countries in Southern Africa to achieveguess this change in mindset is imperative.

The projects in the three countries show a largéetyaof outcomes and we need to develop an
analytical framework to compare the different elatsein the projects. Such a framework or

frameworks would present a guide to upscaling ef dhccessful elements and avoiding mistakes
when deploying RETS to other regions in Southenmicaf

3. The water-energy nexusin policies of South Africa

This chapter analysed water and energy policiespéanthing in South Africa. It was found that in
comparison to the USA, where laws and policy doaumeecognize and address the linkages
between water and energy, policies in South Afdellom cross sectoral boundaries when raising
issues.

The Local Municipal Spatial Development FramewdtMEDF) is the principal planning tool of
local government and it was analysed for the casdysof the rural Elundini Municipality. Water
was quite extensively addressed in the LMSDF aral dbverage of energy was restricted to
electricity. The LMSDF combines water and energgués only in the plan for building a
hydroelectric power plant. In conversation with nesentatives of the Elundini Municipality this
plan could not be confirmed. Neither the water, therelectricity department’s superintendant knew
about a planned hydropower plant.

The integration of technologies like solar watempsg or solar water heaters has the potential to
benefit municipal service delivery. GHG mitigatiopportunities, poverty alleviation contribution
and expenditure savings are possible benefits gowemt is missing out on.

The suggested set of research questions aimsntalate the academic and political debate in the
country around these issues. Research is suggestedestigate whether there is any specific
planning/policy for the water-energy nexus in tloatext of climate change and what such policy
could look like in the South African and regionantext. The level of awareness of the water-
energy nexus in the context of climate change naelle explored further at all government levels.
Technology options in terms of renewable energhretogies and their potential for adaptation to
climate change in particular in the water -energyntext remain largely unexplored. This is

particularly important in the context of rural dé&@ment.

4. An investigation of water supply adaptation technologies and strategiesin a case study from

Lesotho

Lesotho is an arid to semi-arid country with higha@nfall in the mountainous eastern parts. While
droughts and poor degraded soils are major contdrain agriculture, floods do occur and it is

argued that much better water utilisation and gmratrategies can be pursued. At present
agriculture is in decline and the contribution gfiaulture to the economy is small.

In contrast to agriculture stand the Lesotho Higti&aWater Authority which transfers water from
the mountains in Lesotho to Gauteng, the economiicdf South Africa. Phase | is completed and
transfers 30rtisec of water to South Africa. In addition, 70 MWlectricity are generated and sold
in Lesotho. Phase Il is under way and will furthmrease water transfer and electricity generation.
Lesotho greatly benefits from the water sales aedetectricity distribution. However, more remote
and dispersed villages are lagging behind the oétprogress in urban areas and high levels of
unemployment and poverty remain in the rural areas.



Energy, water and climate change in Southern Africa: Executive summary iX

It is suggested that work in the following will lasignificant impact particularly in rural areas.

intensive landscaping for storm water retention;
technology for water supply and sanitation;
general adoption of renewable energy technology; an

iv. environmental education.

Taken together, these four broad courses of agtithrincrease resilience to weather-related stress
while generating wealth and improving human welfaiéll this all happen naturally at its own
pace, or chaotically as much technological anducalltdiffusion does, or is there a role to play for
targeted interventions, specific policies, regulatmechanisms, institutional reform?

1.

Integrated water-energy planning in the contextliofiate change

This would need the following:

To identify relevant existing data sources andemibn/collation of data where not readily

available, possibly including utilisation of expgrtigement.

To establish critical problem areas, future polidiernatives, regional and national goals
and appropriate scenarios for external pressureb s climate change and global
economic conditions.

To construct a general model (or models) to proadeoverview of the energy-water —

climate change system: Experimentation with sucdetsowould serve to identify sensitive

‘pressure-points’ that would require the most aadrdhta needs and/or policy variables; the
validity of the models should be explored in stakdhr and expert workshops to integrate
local knowledge in communities as well as undeditapof interdisciplinarities.

To develop more detailed models arising out ofghreral model. These may or may not
include some of the following features:

* Regional modelling for defined regions in Southekfrica - individual
countries, regions and communities within countriestropolitan areas such
as the City of Cape Town and remote rural commesiguch as Elundini in the
Eastern Cape Province;

» Explicit representation of multiple scenarios;

* Modelling of multiple societal goals and objectives part of the process of
developing national strategies for water/energynpitag in the context of
climate change.

Experiment with models to identify key areas of stvity or pressure, e.g. potential
magnitude of water/energy cross-effects; potentiagnitude of climate change effects;
where local interventions may have greatest impactthe broader system; where are
greatest data sensitivities.

Design of refined and more extensive model in tpktlof these experiments. Support of
local intervention studies by more detailed modaglsommunity-level actions (subject to
global constraints)

Develop a bottom-up research methodology integyatiase studies as well as top-down
planning for basic infrastructure development.

Case studies will include the analysis of factamiting or promoting decentralized
renewable energy technologies, eg., drivers andepsir

We need a research framework to analyse and compaeestudieand draw conclusions.
This would include community participation and aegrated approach to infrastructure
planning in communities.
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In which way is the social embedding of technolegi¢anned? More attention has to be
paid to analysing the interaction between educetelthology providers and rural users.

3. Support policies, regulations, information andrtiag enhancing efficiency and equity of water

and

energy services. A comparative study of intagradevelopment policies and plans and

their impact on the water-energy nexus and climhs:ge is recommended.

The water-energy nexus is an outstanding issuth&Bouth African government to
address. The implications of the nexus in particimdhe context of climate change appear
to be present on the systemic agenda-setting IBugit requires considerable awareness
raising and more detailed research in order toglthie issue closer to government’s
attention.

Problem-oriented, multi-disciplinary policy analy$s suggested in order to zoom in on the
water-energy nexus and draw expertise from therwatergy and development sectors.
The potential benefits of alternative technolodjies solar powered water pumps and solar
water heaters need to be known in government anhjilementation mainstreamed in
service delivery.

The barriers for governments to address inter-tirdepartmental challenges with
appropriate collaborative solutions have to beistlidnd eventually overcome. Finally, a
comprehensive understanding needs to be develdgapmpriate cross-sectoral policy
formulation, budgeting, implementation and evakain the field of energy and water
taking the national circumstances into considenatio

4. Adapting to climate change: Risks, opportunitied eanntext in Lesotho

To guide the interventions the following researdaa are suggested.

Intensive landscaping for storm water retention

* What practices have the most impact and what dodbst?

* What are the gaps in adoption, financial, technimamotivational?

« What remote and local sensing technology is avigilmbmonitor change and how
can it be deployed?

* What potential business models exist that carzatitharkets to collect water,
construct roads, and landscape on a sustainabpedéit basis?

* What role can focused and managed public worksrpmag play in contributing
infrastructure for climate change and adaptation?

Technology for water supply and sanitation

« What low cost water treatment technology is avéélab ensure safe supply of
potable water in households.

« What water storage and reticulation options existépid roll out and deployment?

« What watershed enhancement strategies exist, thdoth buffer threats from
climate change and at the same time provide watérrigation and household
use?

General adoption of renewable energy technologies

* What basic mechanisms exist for Lesotho to forgewn low-carbon footprint
development agenda?

* What technologies are available now, not only thuce global carbon emissions,
but to reduce urban island pollution?
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« What frontier technologies should be tested antuned? For example solar
powered central pivot irrigation wheels and EVs.

« What potential exists for Lesotho to become a mddealer, rather than a market
follower?

iv. Environmental education

* How can response to the risk of climate changeaatidn for adaptation be
generated? Dull speeches, documents, billboarBepiStars and concerts? All
options should be considered.

« What mix of modern experiential marketing and pladdnstitutional analysis is
best suited to tackling climate change and respensiss?

« Where can basic knowledge on climate change anutatétan be assembled in
Lesotho, and utilized to inform public/private mylipractice and drive change.

5. IDRC Energy and Water Workshop in Brazl

The IDRC Energy and Water Workshop in Porto Galnt28-24 September 2011, presented an
opportunity to compare results of the Southerna&ini study with similar work in Latin America.
Similarities and differences between the two regiemerged. In Latin America a far larger part of
energy is generated from hydropower while in Sauth&frica most energy generation is coal-
based. This is why awareness of the water-enengysn@ Latin American countries is greater than
in Southern African countries. A significantly hghpercentage of the population in Southern Africa
(40-75% in the countries studied) than in Latin Aicge (about 20—-30 %) is rural and dependent on
agriculture for a livelihood. Climate change anithette variability is consequently directly affegin

a largr proportion of people in Southern Africa.

Issues raised in the Latin American case studieseny similar and often identical to those raised
the Southern African case studies. A collaboradiffert would enhance particularly the validity of
the results of the proposed research topic 2 bdlmveloping a research framework for a bottom-up
research methodology integrating case studies hsawéop-down planning for basic infrastructure
development.
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1. Introduction

a. Background

Water-scarce countries, globally, face two criticasource constraints on development, namely
energy and water. Southern Africa is no exception.

Energy and water are closely linked at differemels and scales. Water drives the turbines of
hydroelectric power plants. Processing of coal eadling in thermal and nuclear power plants
requires water and energy is required to lift, tiead distribute water. Even at the household Jevel
we observe water-energy linkages. When using veaeng shower heads, for example, we not only
save water, but also electricity for heating théewarhis interconnection is called the water-eperg

nexus.

At the same time, coal-based power plants emielargounts of greenhouse gases (GHGS) into the
atmosphere, contributing to climate change andat&nvariability which then leads to floods and
droughts. In times of drought little water flowstdnhydroelectric dams, affecting electricity
generation. For rural communities the greater feegies and severity of droughts and floods caused
by climate change leads not only to crop failuré ddgo interferes with water supply technologies
when, for example, the water levels in boreholss dr fall beyond the specification of the pump.
Thus climate change critically impacts the wategrgg nexus.

The Energy Research Centre (ERC) at the Univen$i§ape Town was commissioned to assess the
water-energy nexus in the context of climate chariflee goal of the exploratory project is to
analyze the way energy and water services canieined and improved to enhance resilience and
adaptive capacity of communities to climate valigbiand change’. More specifically, the
objectives of the assessment study are:

« To explain when and why decentralized renewableggnechnologies for water services
are not used, are not used in the proper way, ttasimuch as they could be;

* To determine the challenges and opportunities farrim policies and initiatives aiming to
enhance the climate change adaptation capacityeoplp living in areas under climate
related water stress by using renewable energytéogies;

« To formalize the results for communication in ateinational workshop; and
e To define clear and practical entry points fortiertinvestment and research.

Access to clean and modern energy is a primary @aabny developing countries’ energy policies.
It is acknowledged that access to energy will imprahe livelihoods of people in the region,
promote economic growth and help alleviate povektcess to clean, more modern forms of energy
is and will continue to be an important componentaddressing not only the UN Millennium
Development Goals (MDGSs), but also climate chatige,social and environmental impacts on the
most vulnerable sectors of our society, and engweaonomic growth and sustainable development.

Southern African countries have opted to expandstréhl development and agricultural production
to create badly needed jobs and reduce poverty.eMemy the region faces two critical resource
constraints on development in the coming decadasely water and energy. Both sectors will
compete for scarce water resources in the regibp. éhergy sector is growing and is fuelled by
coal-based power plants mainly in South Africa &l w&s in Zimbabwe and Botswana and coal-
based electricity generation consumes more waser dmy other power plant except nuclear (Figure
1).

The same parts of society that lack access to mofdems of energy also tend to lack access to
water resources for domestic (e.g. sanitation)icaljure and industrial use as well as a safe water
supply for drinking purposes. National developmaians focus upon energy plans and water plans
often not fully including the other sectors reseutse. The use of renewable energy technologies
for water services in developing countries is dbladdress both the need for energy and the need
for water services in the most vulnerable areamad\éind solar photovoltaic renewable energy

ENERGY RESEARCH CENTRE
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technologies use hardly any water (Figure 1) aedtlaegrefore the energy technologies of choice in
water scarce remote areas which are not connextée hational electricity grid.
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Figure 1.1: Water use by plant type of energy techn  ology

The change in climate will impact the viability aastailability of all natural resources, but more
specifically water resources. Increased flooding a@noughts, for example, will threaten water
security and national development (Global Watetrieaship, 2010). Droughts are already reducing
electricity supply from hydroelectric power plamnsKenya (Afrepren, 2009). With an ever growing
population there will be an increased demand faemf@ar domestic use, sanitation, food production,
and biofuels as well as commercial and manufagjuparposes. Limited or degraded water
resources which are further impacted by climatengbkawill affect those most vulnerable in this
scenario — the poor, the elderly, women and childhe Southern Africa and internally in South
Africa there are already a number of water transtemes (Figure 2). One of the largest schemes is
the South Africa-Lesotho Highlands Water Schemectvtiransfers water from the Senqu/Orange
River in the Lesotho Highlands to the Vaal Rivestsyn in South Africa to supply the metropolitan
area of Gauteng. Water needs in the Gauteng/Joslaumgearea continue to rise and a second phase
of the Senqu/Vaal transfer project has just begmesl.
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Figure 1.2: Water transfers in South Africa and to and from neighbouring countries

The ERC chose five countries in the Southern Africegion for this research, namely Namibia,
Botswana, Lesotho, Mozambique and South AfricasBes for their selection include their location
within a region known to be particularly vulneralite climate change and their high levels of
poverty. According to the Human Development Ind2810), Mozambique is ranked #165 out of
169 countries listed, Lesotho #141, South AfricA@INamibia #105, and Botswana #98 (UNDP,
2010). Also, these countries share significantsftaoundary water (Figure 2) and energy resources,
namely the Okavango and Senqu/Orange Rivers amtiassd basins, and South Africa imports
hydroelectricity from the Cabora Bassa dam in Mdzigie. South Africa was included in the mix
as a middle-income country, with a larger popufatiban the other countries studied and an
important economic role in the region, which isoalailnerable to climate change. Environment
Statistics ranks South Africa as thé"28ost water-stressed country out of 140 countisésd while
Namibia was ranked 54, Botswana 58, and Mozamis@Quef water stressed countries globa}ly.

b. Methodology

The assessment is based on secondary data throergissadisciplinary desktop study. Supporting
documentation details are highlighted in each sraiind a reference list is given at the end of this
document. In addition colleagues and professiofrals the energy and water sector have been
consulted by email, telephone and in person. A samand a workshop have been held to discuss
the issues involved in the water-energy nexus énctintext of climate change. The programme for
the workshop is included in Appendix 1. A list @insulted persons is given in Appendix 6.

Comparing water and energy data can be challerdjiegto the difference of spatial planning for
energy distribution and water basins. Water plagéncarried out at the river-basin level and these
basins can be in the same country or they can tveoiror more countries, such as the Senqu/Orange
River which has its source in the Highlands of lthep crosses South Africa and flows into the
Atlantic Ocean on the South African and Namibia deor The Limpopo River is another
transboundary river between South Africa and ZimimbEnergy planning is undertaken at a
centralized national level, for example in natioqawer generation companies and then the
electricity is distributed to regional and locat@ticity departments.

1 Source: http://www.nationmaster.com/graph/env_sei_wat_str-environment-water-severe-stress.
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2. Brief country reviews including climate change
scenarios for the region

a. Brief country reviews
An overview of some country statistics and climiatgiven in Table 2.1. The climate regime ranges
from desert in Namibia, arid to semi-arid in Botsaatemperate cold in Lesotho to tropical and
subtropical in parts of South Africa and Mozambique

infall, irrigation potential, HDI and climate
a, Lesotho, Mozambique and South Africa

Table 2.1: Comparative data on population, land, ra
regimes of the selected countries; Botswana, Namibi

Sources: 'UNDP (2010), FAO (Aquastat), ]IMF (2010), “The World Fact Book (2009)

Botswana Namibia Lesotho Mozambique South Africa
1 q
e ol (1E00 1921 2130 2 049 22383 49 668
inhab)
2 .
Percent (%) with
access to water (2002) 95 80 76 42 87
1 - 0
K'?t:'lr)"’" population (% 0f | 775 46 4 1346 (63.2) | 1528 (74.6) 14134 (63.1) | 19504 (39.3)
1 . a
Population density
(inhab/km?) 3.302 2.584 67.49 28 40.74
?Land area (1000ha) 58 173 82 329 3036 78 638 121 447
2 .
Cultivated land area
(1000ha) 252 808 359 4750 15 450
2
PEESIERL () 6 0.433 0.98 11.8 5.9 12.67
total country cultivated
2 B
Rainfall (mm/yr) —
2008 416 285 788 1032 495
%Irrigation potential
(1000ha) — 2003 — 13 47.3 125 3072 1500
2007
3 0
GDP per capita (2008
PPP USS) 13 462 6 474 1,605 929 10 140
'HDI (2010) 0.633 0.606 0.427 0.284 0.597
1 3
AL (Ealeyn) ey 84.8 88.9 82.2 46.2 89.3
rate
Predominantly | Mostly high Mostly Mostly coastal Vast interior
flat to gently plateau; highland with lowlands, plateau
rolling table Namib Desert | plateaus, hills, | uplands in rimmed by
4 . land along coast; and mountains | center, high rugged hills
Terrain . h
Kalahari plateaus in and narrow
Desert in east northwest, coastal plain
mountains in
west
Arid to semi- Desert; hot, Temperate; Tropical to Mostly
arid, warm dry; rainfall cool to cold, subtropical in semiarid;
winters and sparse and dry winters; the north and subtropical
hot summers erratic. hot, wet central parts, along east
4Climate regime with low Prolonged summers with | and dry semiarid | coast; sunny
9 rainfall and periods of periodic steppe and dry days, cool
high rates of drought. droughts arid desert nights.
evapotranspira climate in the Prolonged
tion. Periodic south. Periodic droughts and
droughts floods. floods.
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Botswana

Botswana is an arid to semi-arid country with I@infall and high rates of evapotranspiration. The
country experiences periodic droughts. It is lamckéd with no point closer than 500km to either
the Atlantic or the Indian Ocean. The average &dling 416mm per annum. Only .4% of the land is
cultivated. In comparison to the four other cowegBotswana has the highest GDP (13 462 US$ per
capita) mainly based on mining. Forty five peroaiithe population has access to electricity (UNDP
and WHO, 2009) and 95% have access to water (FAORSY AT, 2011).

Namibia

Namibia is second in aridity only to the Saharaddeand 92% of the land area is defined as hyper-
arid, arid or semi-arid (FAO/AQUASTAT, 2011). Ith¢he lowest rainfall, 285mm per year among
the selected countries and less than 1% of the igralltivated. It is one of the world’s most
sparsely populated countries with a population iers 2.4 inhabitants/kfa The population is
widely spread across country, making investmentpuhlic centralized infrastructure like water,
sanitation and electricity very expensive. Renewadmhergy technologies are the most suitable
choice under these conditions (See Namibia casly stusection 5).

Lesotho

Lesotho is a small mountain kingdom entirely sunaed by South Africa. It has a temperate
climate with cool to cold dry winters and hot wetsmers with periodic droughts. The average
rainfall is 788mm per annum. Seventy five percdnthe population live in rural areas mainly as
subsistence farmers. Only 16% of the populatiorehalectricity access (UNDP and WHO, 2009)
and 87% have access to water (FAO, 2011).

Mozambique

Mozambique is tropical and subtropical in the natid central parts, and dry semiarid steppe and
dry arid desert climate in the south (FAO, 200%)s bow population density, coastal development
which is flood prone, and is one of the poorestntoes in the world - ranking 165 out of 169
countries on the Human Development Index (UNDP020@nly 12% of the population have access
to electricity (UNDP and WHO, 2009) and 42% haveeas to water.

South Africa

South Africa is the largest and economically mastafoped country in the region. The western part
is mostly semi-arid while the east coast bordetimg Indian Ocean is subtropical. The average
rainfall is 495mm per year. Prolonged droughts #odds occur. Commercial agriculture is well
developed but its contribution to GDP has declimethe last 10 years. Electricity access stands at
75% (UNDP and WHO, 2009) and 87% of the populatiane access to water.

b. Climate change in the Southern African region

Climate change will affect temperatures and rairdatterns in Southern Africa. Regional climate
change projections in Southern Africa, based on GGidmparing 2080-2099 to 1980-1999,
indicate that global warming will most likely leab greater than the global annual mean
temperatures for all seasons, 3.1 degrees for sumarening and 3.4 degrees for winter warming
(Christensen et al, 2007).

Warming in Southern Africa will lead to increasirainfall intensities, decreasing frequencies of low
intensity (soft soaking) rainfall and longer dryripd between rainfall events. This will result in

more severe draughts, floods and heat waves whiithead to greater food insecurity. In historic

times, draughts and floods had already major ingpact Southern African populations. Around

AD1200 to AD1500, draughts led people to abanddtleseents in the Kalahari Desert. The

Lifagane wars, starting in about 1815, were cheratd by a 25-year period of famine and violent
conflict between peoples in Southern Africa. Durthg 1991-1992 draught, 20 mill people in the
region (15% of SADC population) needed food religgjene et al, 2011).

The impact of climate change will be felt by thejonitly of the population in Southern Africa who
depend on rainfed agriculture. Seasonal climatectsting will play a major role in climate change
adaptation for farmers.
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c. The impact of climate change on water and
environmental resources in the region

Climate change in Southern Africa is expected twdase the variability of rainfall, as well as the
occurrence of extreme events such as droughtsidlemd heat waves. Climate change will add
another layer of complexity to the already stresaed high risk water sector and amplify the
parameters of the hydrological system (Water Rebe@ommission, 2005). In Southern Africa,
climate model-based downscaling tools suggest highecipitation in the east, a shorter winter
season in the southwest and less rainfall in thevést (Hewitson, 2005). Runoff and recharge are
sensitive to changes in precipitation. In Southafrica the variability of rainfall amplifies the
hydrological response with serious implicationsffoods and droughts (Schulze, 2005).

Many countries are developing measures and policiesduce the vulnerability to climate change
and this is closely linked to planning for susthieadevelopment. UNFCCC invited National
Adaptation Plans of Action (NAPAs) from Least Deygdd Countries. NAPAs indicate priority
activities to respond to urgent and immediate ndedsdapt to climate change and further delay
would increase vulnerability and/or cost at a latage. Two countries included in this study
responded. Lesotho submitted 11 projects out otlwvbinly one included energy activities. It is to
promote wind, solar and biogas energy use as desuppt to hydropower energy. The four projects
proposed by Mozambique do not contain any energgpoment (UNFCCC, 2010). No project
includes the need for energy in the water sectdveater in the energy sector.

At a municipal level Mukheibir and Ziervogel (200d@gveloped a Municipal Adaptation Plan
(MAP) for the City of Cape Town illustrating somépmtential climate change threats and resource
mobilisation issues but energy issues were nograzed.

So far energy has been scarcely or not at all densil when looking at water and climate change.
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3. Competing water needs for industrial and
agricultural development and integrated water and
energy planning

a. Competing water needs

The relative use of water in the four major sectorSouth Africa shows that by far most water is

used for irrigation and afforestation (DWAF, 200Bhe sector uses 61% of the total available water.
Mining and large industries use 8% but approxinya28h could be added to this figure if some of

the commercial sector which is included in urban @omestic is added to indutrial water use

(DWAF, 2003).

Table 3.1: Water usage in South Africa

Irrigation and afforestation 61%
Environment 20%
Urban and domestic 11%
Mining and large industry 8%

The water allocated for irrigation in South Afristll reflects the unequal access to water of the
apartheid era. White large-scale farmers consun¥% 66the irrigation water and mainly black
smallholders have access to the remaining 5% €&Caid Van Koppen, 2007).

b. Integrated water and energy planning in the cont  ext
of climate change

The water needs in all the above sectors are gmingse as the economy grows, and careful
integrated planning of the water and the energoséxrequired to use and save the water resources
so that they do not constrain development and enangrowth. Climate change is another possibly
constraining variable in this context.

Integrated water and integrated energy plans haem thave been prepared and these plans are
updated from time to time. For example, the Depantnof Energy in South Africa published an
Integrated Resource Plan on Electricity in 2011 p@tnent of Energy, 2011). But, so far, little
attention has been paid to integrated water andygmdanning and modeling, although in the water-
scarce countries of Southern Africa it is not realbssible to separate water and energy planning.
There is competition of these sectors for the ewjstwater resources and there are multiple
interrelationships of water and energy.

There is one important modeling challenge at theeiuwater resource planning is often carried out
at the regional level of river-basins, even thourglr-basin transfers are potentially availablegol
actions, but energy planning typically needs toubdertaken at a national or even supra-national
level.

In August 2011, the Department of Energy in SoufficA invited bids for its Renewable Energy
Feed-in tariff (REFIT). These renewable energy ueses will add resources to the national level
planning. Any modelling will need to take such tistions and changes into account. The approach
would need:

* To identify relevant existing data sources, andectibn/collation of data where not readily
available, possibly including utilisation of expgrtigement;

e To establish critical problem areas, future poladternatives, regional and national goals
and appropriate scenarios for external pressureb s climate change and global
economic conditions;
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e To construct a general model (or models) to provadeoverview of the energy-water
system: Experimentation with such models would ety identify sensitive ‘pressure-
points’ that would require the most careful datadseand/or policy variables;

* To develop more detailed models arising out ofgaeeral model. These may or may not
include some of the following features:

o0 Regional modelling for defined regions in Southé&frica - individual countries
and regions within countries;

0 Separation into descriptive (possibly systems dyesihand normative/prescriptive
(mathematical programming) models;

o0 Explicit representation of multiple scenarios;

* Modelling of multiple societal goals and objectivas part of the process of developing
national strategies for water/energy planning e¢bntext of climate change.

c. Additional water and energy resources from water
conservation, waste and sewage, water recycling,
desalination, inter-basin transfers

Water conservation saves water and energy

Large amounts of water are needed in the productienergy, and a notable amount of energy is
used to treat water and transport it to consun®aeings in energy will translate into water savjngs
and vice versa. With the expansion of cities cothesneed for more power. This in turn requires
more water for its generation, hence impacting cstew as well as energy resources. This
emphasizes the importance of saving water andigirsgenergy-efficient measures. Every kilowatt
of energy saved also translates into water savingSouthern Africa, where water is a scarcity and
where water is used primarily in agricultural protion, and where energy to meet the needs of the
future population is in short supply, savings ithei or both of these two resources are critical.

In South Africa water is recognized as a key camstrand risk in the Integrated Resource Plan
2010-2030 (Department of Energy, 2011) which iglkactricity plan, and water usage is included as
one of the criteria in all the scenarios.

Energy from waste and sewage

Extracting energy from waste is a widely appliecht®logy in other parts of the world but it is not
yet widely practised in Southern Africa. There igm@@at need to reduce the amount of waste,
particularly in urban areas, where suitable durtgssre filling up fast. The City of Durban capgire
methane gas, burns it and generates electricityp®®0 homes. The project recovers some of its
costs through CDM registration. The University cdp@ Town has recently inaugurated a biogas
digester in which food waste from a student cafeter used to generate gas which is used for
cooking the meals in the cafeteria.

Waste water recycling

Recycling waste water is not yet widely practisedSbuthern Africa and could contribute to the
available water supply. Energy is required for oficg. Many municipalities in Southern Africa
have plans to recycle because the demand for gotadier is continuously increasing. The first
private recycling plant in South Africa started mgigng in Durban in 2001. The plant treats 47.5
million litres of domestic and industrial waste aato a near potable standard. The water is sold to
industrial customers for direct use in their preess saving treated potable water for about 300 000
people. The two largest customers are the MondePills and the Sapref refinery owned by Shell
and BP. The industries benefit from a lower taagfcompared to the normal tariff for potable water
(Ethekwini Municipality, nd).

Desalination

Desalination is an option for areas near the sdararegions with saline groundwater. However, the
energy requirements for the desalination processigh, making this technology choice viable only
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if water is very scarce and desalination becomescanomic option. The largest desalination plant
using reverse osmosis in South Africa is owned HpaAy Coast Water Board, Ndlambe
municipality in the Eastern Cape. The original plaas served the Ndlambe municipality for 10
years. It was recently upgraded and has now a ghpmut of 1800rh per day. The national grid
supplies the electricity for the plant. There iscah plant at Saldanha Bay on the South African
South coast

In Namibia groundwater is frequently saline and tiesalination plants in the villages of Akutsima
and Amarika in the Omusati Region respectively @ev3500 litres and 4500 litres of drinking
water daily. Two different solar-powered technoésgiare used: at Amarika a reverse osmosis
membrane system is installed while at Akutsima &iraffect humidification evaporation process is
used. Terra-water provides technical support aaiditrg for local people and the project was funded
by the German government.

Inter-basin transfer

Inter-basin water transfer is an inviting policytiop, taking water from areas of surplus to areas
where it is in critically short supply, and thumiiing industrial and other developments. Several
Southern African countries already transfer wateoss borders (Figure 1.2).

The largest water transfer scheme in the regioa, Lissotho Highland Water Project (LHWP),
transfers water from Lesotho to South Africa. Wasetransferred from the upper reaches of the
Senqu (Orange) River in Lesotho to the Vaal Riwasitbin South Africa where the water is needed
for the industrial and urban expansion and devetoynof the Gauteng regiokVith an expected
70nT/s total water capacity by 2020, this is one of ldmgest civil engineering projects currently
under way.The Lesotho Highland Development Authority and Br&aledon Tunnel Authority are
the implementing agencies for Lesotho and SA rdagmdyg. The Joint Permanent Technical
Commission monitors and oversees project implentientan behalf of the two governmenss.
phased implementation of the project is plannedhrimorating phases IA, IB, II, lll and IV. Phase
IA and IB are completed and the agreement for Phasgas signed in August 2011.

Phase IA of the LHWP is designed for a yield of318f/s and also includes a hydroelectric power
plant at Katse Dam with a generating capacity ofii0(Table 3.2). Most of the electricity is sold
in Lesotho. Phase 1B increased the project yieldayrther 11.7 fifs. Phase Il is expected to
increase the project yield to 55° Phase Il with a second hydropower station ivittease the
power capacity by a further 110 MW. Phases Ill &ndare yet to be signed and are envisaged to
increase the project yield to 64.8mand 70 rils respectively.

Table 3.2: Water, energy and sales data for the com pleted Phase IA, IB and Phase Il of the Lesotho
Highlands Water Project

Phase 1A Phase 1B Phase I Source
Reservoir Katse Dam: 1950 x | Mohale: 90 Polihali www.lhwp.org.ls, Katse Dam
10°m3 (1) million m®(2) | Dam Technical Description
2.2 billion | Nthako & Griffiths
m®. (3) www.lhda.org.ls - LHDA,
Press release (Zuma state
visit)
Speed Katse Dam: 18.3 Mohale Dam: Mashai: (1) Nthako & Griffiths 1997
m%/s 9.5m%s 25.4m%s
(D) Matsoku: 2.2 D)
m%/s (1)
Power Installed: 72 MW 110MW (1) Nthako & Griffiths 1997
Available: 70 MW D)
(1)
Total energy Total (LEC + www.lhda.org.ls (Electricity
(cummulative Exports): Sales)
until 2010) (5065 701 + 153
016) =
5218 717 MWh
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Phase 1A Phase 1B Phase I Source

Energy Sales Total (LEC + www.lhda.org.ls (Electricity
(cummulative up | Exports): Sales)
to 2010) (668 783 404.19 +

7 008 010.63) =

M 675 791 414.82
Water sales 7 957.02 MCM www.lhda.org.Is (Water Sales)
(volume) (million cubic meter)
(cummulative
until 2010)
Watersales M 3 347 051 689.72 M14 www.lhda.org.ls
(cummulative [MO0.42/CM (1)] billion (2) | www.lhda.org.ls - LHDA,
until 2010) Press release (Zuma state

visit) — 09 September 2012

d. Water needs of renewable energy technologies

Thermoelectric power generation uses significanbwmts of water. In the USA 41% of all
freshwater withdrawals were used for thermoelegower (NREL 2011). In South Africa, only 8%
of the available freshwater is allocated to theingirand large industry sector (DWAF 2003). Figure
3.1 gives the water consumption factors for openati water requirements of electric generating
technologies, and Figure 3.2 indicates the watdrdrawal factors (Macknick, 2011). Most water is
used for cooling and steam. Renewable energy témfies that require cooling such as
concentrated solar power (CSP) trough and CSP é&réschnologies use up to 1000 gallon/MWh
(Figure 3.1) for cooling (Macknick, 2011). Wind, gabvoltaic and CSP dish sterling technologies
do not need any cooling and require minimal amoafhtgater for cleaning (Figures 3.1 and 3.2).
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Figure 3.1: Operational water consumption factors f
IGCC: Integrated gasification combined cycle. CCS: Carbon capture and sequestration. CSP:
Concentrating solar power. Whiskers ends represent maxima and minima. Upper and lower end of boxes
represent 75" and 25" percentile, respectively. Horizontal lines in boxes represent medians.
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Figure 3.2: Operational water withdrawals for elect  ricity generating technologies
IGCC: Integrated gasification combined cycle. CCS: Carbon capture and sequestration. CSP:
Concentrating solar power. Whiskers ends represent maxima and minima. Upper and lower end of boxes
represent 75" and 25" percentile, respectively. Horizontal lines in boxes represent medians.

ENERGY RESEARCH CENTRE




Energy, water and climate change in Southern Africa 12

4. Energy technologies in rural water supply

The large majority of the Southern African popwatilives in rural areas. Most rural dwellers
depend on subsistence farming and they have lagglg their crops destroyed by more severe and
more frequent droughts, floods, heat waves andgiatiag cyclones. The changing climate pattern
adds another level of problems to rural livelihoads rural water supply.

a. Energy technologies employed in rural water supply

Water use in many rural areas relies on suitaldbn@ogies to access, treat and distribute the
available water in a sustainable and efficient wilyis could be through pumping borehole water,
setting up rainwater collection systems or effitigerigation systems for existing water sourcese Th
technologies used to achieve this will rely on ggeinput such as manual energy, photovoltaic
panels or diesel. Offering more affordable and asnable energy sources for water provision is
essential, as demonstrated by the case of heatiigr where traditional fuel sources such as
firewood and charcoal are becoming scarce and sxyge(Nieuwoudt and Mathews 2004).

There are a variety of technologies that are ctlgren use in different parts of Africa to access,
treat, distribute and use water efficiently. Sorasecstudies outlining examples of rural water suppl
initiatives in Namibia, Botswana and Mozambique presented and discussed in more detail in
Section 5. The selection of the appropriate tedmobepends on many factors from intended end
use of the water ( for agricultural irrigation ar foroviding hot water in a clinic, for example)tte
availability of components and local technical IskiFurthermore, the way these technologies are
designed must also be able to adapt to climatebiity. Examples include rainwater harvesting
systems that can accommodate varying rainfall petter pumps that can respond to changes in
water tables, or applying conservation tillage grieulture which slows down the movement of
water and conserves on fuel use and soil erosion.

Southern Africa as well as Africa as a whole lagbibd other regions in regard to practices of
conservation agriculture. The estimated areas dh&ctunder conservation agriculture in some
Southern African countries are as follows (FAO, 201

e South Africa 368 000
e Zambia 40 000
e Mozambique 9 000

* Zimbabwe 7 500

* Tanzania 6 000

The major types of conservation practices are basipping and direct seeding. Direct seeding is
the most common practice as shown in Table 4.1.

Table 4.1: Conservation agriculture practices emplo  yed in Africa

FAO (2010)

Country Basins Ripping Direct seeding
Malawi . .
Lesotho . .

S. Africa .
Madagascar .
Zimbabwe . . .
Angola .
Zambia . . .
Mozambique . . .
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Table 4.2 shows just some of the potential tectgiey which will be used as a starting point to
start thinking about the appropriateness of a teldgy, in terms of end use, socio-economic
impacts and improving productivity in livelihoods.

Table 4.2: Available technologies for water supply in rural areas

Energy/fuel source Technologies End use
Small renewables: Pumps Water harvesting and recycling
«  Photovoltaics e Hand pump Purification
*  Wind *  Animal pump Desalinisation
e Mini hydro * Ram pump Sanitisation
+  Biogas «  Solar pump Motive power — water mill to grind

grain, pumping water, transport water,

Diesel e Suction pump - -
. - mechanical ploughing
Gravity fed system «  Centrifugal pump Inigation
Manual input Solar water heaters (modified . ;
SWH'’s- brick batch or blacksmith (I;::)nti(\;\éater. domestic use, schools,

solar water heating)

Solar still

Gravity fed pipe
Rainwater tank

e Surface & subsurface

There are many more innovative localised, modified adapted technologies. One example is the
mobile solar water heater for rural housing in &oAfrica (Nieuwoudt and Mathews 2004).

It is essential to select appropriate technolod@sa particular area. For example, one of the
outcomes of an ADB 2010 study was that the priofity the PRONASAR rural water supply
programme in Mozambique, was for low maintenandgtisms and renewable energy options (ADB
2010) (See section 5). The appropriate choice afrieglogy will depend on many factors such as
those shown in Table 4.3.

Table 4.3: Overarching considerations when assessin g technology choice

Water source Water provision methods: spring, dug well, drilled well, dam,
catchment (Roark et al, 1989)

End use Is the water required for: irrigation, drinking water, hot water

Energy access Which energy sources are available for powering these

technologies: sun, diesel, manual energy?

Distance from water source Transportation of water source to end use is energy intensive,
time consuming and costly

Scale: community or household level Suitability of the technology depending on the user

Development benefits How will this technology offer: livelihood benefits, clean
drinking water

Waterborne disease There are many health risks from waterborne diseases
particularly in stagnant water.

Governance Successful adoption and long term sustainability of a
technology requires integration with existing governance
structures & initiatives.

Sustainability:

Environmental Efficient use of available water? Is it possible to re-use water
(i.e. biogas)? Is the use of renewable energy possible?

Social Absorptive capacity & social acceptance

Economical What are the capital and running costs? Is the energy required

available i.e, access to diesel? Affordability of renewable
energy technologies
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Technical Ensuring a long-term design life & avoid low quality
components (see Table 3)

Adaptation to climate variability Consider the affects of climate variability on sizing of tanks for
rainfall patterngs and designing lifting gears of pumps for
changing water levels

As can be seen in Table 4.4, there are many temhaied non-technical issues affecting the
technology choice. Below are highlighted some @& tbchnical factors that must be taken into
consideration when selecting the appropriate tdogyo

Table 4.3: Technical considerations for selectinga  ppropriate water supply technology

Technical & skills capacity | What skill level is required for construction, operation & maintenance? Is it

(locally & nationally) available locally? Nationally? Will ongoing training be available if
necessary?

Technology suppliers/ Is the necessary technology supply chain in place to support replacement

technology supply chain of components, manufacturing of parts etc.

Maintenance What level of maintenance will be required? And has a maintenance plan

been put in place?

Access to parts Without access to parts, technologies can be left dysfunctional and
become obsolete

Commissioning Low post-construction and maintenance support at the local level and lack
of community ownership of water points are among the main reasons for
dysfunctional technologies (ADB, 2010)

Lifetime/lifecycle of To ensure long-term sustainability of the project, appropriate components
components resilient in the local environment are required
Designing for adaptation Designs for technologies will need to be modified for climate variability

(i.e. sizing storage tanks and lifting gears), depth of water table, innovative
approaches & flexibility in design are needed

Safety Safety considerations depend on the exposure of the technology i.e. is it
sunken in the ground, or above ground and accessible to children

Vandalism Technologies are vulnerable to vandalism, where possible design against
this with appropriate component selection, cover important components

The World Health Organisation undertook a studyvhich it considered the resilience of certain

technologies used for water supply. The major digmralated threats that affect water and sanitation
technologies are grouped under three broad scenémireased likelihood of flooding or increased

run-off, decreased rainfall resulting in declinisgrface and renewable groundwater availability,
increased rainfall leading to long-term increasegroundwater levels (WHO, 2010).

The technologies analysed in the WHO report inchiged and non-piped water supply options and
sanitation technologies including pit latrines aggptic tanks. These have been assessed against a
resilience matrix and categorised into low, medamd high resilience (Figures 4.1, 4.2, 4.3). The
matrices below are taken from this report and ptevesilience for scenarios of decreased rainfall,
increased rainfall and increased intensity of edinf
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High

Vuinerability
Medium

Low

High Medium Low
Adaptability
Figure 4.1 Resilience matrix: vulnerabilities and a  daptability of improved water supply and
sanitation facilities under conditions of decreased rainfall

High

Vuinerability
Medium

O

Low

Tubewells
High Medium Low
Adaotability
Figure 4.2: Resilience matrix: vulnerabilities and adaptabilities of improved water supply and
sanitation facilities under conditions of increased rainfall
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Figure 4.3: Resilience matrix: vulnerabilities and adaptabilities of improved water supply and
sanitation facilities under conditions of increased intensity of rainfall

The main findings from this report highlighted thegsearch is required to improve those
technologies currently considered to have only m@diesilience. There is also an urgent need to
improve the knowledge and monitoring of water reses if future demands are to be met within a
changing climate — particularly in relation to gnowater and non-piped water supplies for
households (WHO, 2010).

In the past technical options were designed orb#sés of water consumption per rural household,
the number of households, depth of wells and thalahility of energy sources (Biswas, 2010).
Therefore it is evident that many of the issueatigd) to appropriate technology choice highlighted
in this report are already known. However an addél dimension to how we select technology, is
to design for adaptation to climate variability. thing the considerations for selecting approriat
technologies in Tables 4.1, 4.2 and 4.3 providessaential baseline to understand how technology
choices could be modified in the context of adémtato climate change and sustainable use of
energy and water.

Technology transfer

Tables 4.2 and 4.3 introduced some of the mordikechissues, but there are also technological
issues related to the introduction and transfeexiting or new technologies from outside the
country - for example in the case of Botswana wheremills are sourced from South Africa, as
they are already widely used by the country (Muswe010). However beyond importing the
physical technology, there must also be the nepessehnical and non-technical capacity in place
at a national and local level to support the carcsion, operation and maintenance of a water supply
technology.

There is much literature on technology transferclifhate friendly technologies, and there are
reoccurring themes, which are also relevant tostiezessful implementation and uptake of water
supply technologies, such as

e appropriate enabling environments;
* innovation;

« intellectual property rights;

» knowledge sharing; and

» skills training.
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A suitable enabling environment, such as apprapipaticy incentives or training programmes and
human capacity development from a national level, assist the uptake of technology. It is
recognized that a successful enabling environmeortksv together with technical and human
capacity (Bazilian et al, 2008).

It remains a contentious issue as to whether atelbl property rights (IPRs) and the cost of paten
are in fact a barrier to technology transféror example, in the context of biogas technology in
South Africa there was no evidence in empiricaladat published literature of examples of
technology projects that were prevented due tanfirz or other constraints related to IPRs and its
associated issues (Boyd, 2010; Gerstetter, 2009jli&g 2008), rather than due to a lack of
knowledge or information sharing (see also SouthicAh study in section 6). However, when
considering decentralised water supply technologiegticularly in the context of modifying them
for adaptation, the most relevant ‘intellectual gay’ is likely to be information and knowledge
sharing. Furthermore, innovative modification ofsting technologies and approaches to efficiently
tapping into existing water reservoirs are required

Training and education is key at all levels of temlbgy transfer from research and development to
manufacturing through to local implementation apdration of a technology.

In the next section opportunities and barriersustanable community water supply are discussed
using case studies from Namibia, Botswana and Mbizpre.
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5. Energy technologies in rural water supply — case
studies from Namibia, Botswana and Mozambique

Relevant issues

Research questions

e Lack of funding was identified as a problem; theiled government funding was p
into large centrally-managed projects. Externaldfog was essential for most of th
projects, but problems have arisen with sustaiitglaifter completion of the project

e Perceptions and acceptance about the cost andrmparfoe of renewable energ
technology was a significant barrier in remote raraas

e Lack of participation of local communities in thdapning and implementation g
projects resulted in lack of ownership of projects

e Over-centralisation of skills, resources and firemposed a problem for projects
remote areas and placed a constraint on theirteféeess

« Lack of reliable data on water services was idiematifas problematic as the status
services in the country could not be assessed

e Lack of leadership in government and local comniesit
e Lack of coordination between government departments

« The lack of income generating opportunities eveterah successful project is
significant problem in these communities

« The status of a settlement given by the governrakotved to have an effect on water

service provision levels

How is a project maintained and sustained oncetbect has been completed and no m

donor funding is available? Who is responsibletlier maintenance of the installed system?

How can projects encourage and achieve decentialisaf resources, skills and funds
that remote areas are assisted?

ut
e

in

of

pre
?

50

What is the most effective way to educate affeci@ehmunities about new and renewable

technologies to break down false perceptions agateracceptance?

How are the problems of over-centralisation of veses, skills and finance overcome
achieve upscaling of successful small scale prsffect

How does a project achieve meaningful participatibrthe community in the project, t
ensure ownership over the project and long terrramability?

How can policy barriers be addressed to ensuresfgtific communities are not prevent
from receiving improved service provision?

to

O
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Rural water supply is an area of serious concermamy southern African countries. Many rural
communities in the region are not connected togtiice and have no reliable water supply network
(Mazvimazi & Mmopelwa, 2006). As a result they re@lg unsafe and inaccessible water sources
which are not sufficient to supplement their densar@onsequently, water consumption levels per
capita are lower than the recommended allowance sigichess is common. The World Policy
Institute identifies the water-energy nexus asgaificant global problem (Glassman et al, 2011).
The water-energy nexus refers to the co-dependehtlye two. Conventional energy production
requires water, and water provision requires ené€rfis problem is further compounded by the fact
that water and energy are both in shortage in mmsthern African countries. This is certainly the
case in Namibia, Botswana and Mozambique, and énfdlce of climate change and population
growth the problems are expected to become ever s®vere. This section looks at case studies
from these countries and focuses on the role #ra@wable energy can play in improving rural water
supply. Many renewable energy technologies (RE®)at require water for energy generation and
therefore have the ability to save water where eatisnal energy generation would consume it.
Furthermore RETs can serve off-grid communities thil not be connected to the grid in the
foreseeable future and are most in need of enerdyater services. This section aims to identify
barriers that exist to the implementation of ren@@anergy projects for rural water supply and also
to identify opportunities there may be for thesght®logies to address the existing problems.

a. Namibia

i. Barrier Removal to Namibian Renewable Energy Pro  gramme
In a country like Namibia the water-energy nexusfiparticular importance. Namibia is one of the
driest countries in sub-Saharan Africa, receivimgaverage 260mm of rainfall a year (van den
Bosch, 2011). Along with this it has very high evggiion rates, which deplete the already meagre
surface water resources. Furthermore, it is fotette with the effects of climate change the
conditions will worsen in future years (van den 8g2011).

According to Reid et al (2007) the effects on clienehange on Namibia are already very evident
and only set to get worse. Over the course ofweatieth century Namibia showed an increase in
mean temperature three times that of the globalnmiearease. By 2100 it is forecast that

temperature will increase by between 2°C and 696kdd to this is the expected 5% increase in
evaporation rate per degree of warming. In a cgwdrarid as Namibia, this will have a devastating
effect. On top of this, rainfall is predicted tocdease and become more variable, which in
conjunction with increased evaporation will havergpling effect on the country. The frequency

and intensity of extreme weather events is als@ebegl to increase along with desertification (Reid
et al., 2007).

Considering these conditions, providing a saféaléd and adequate water supply to the population
is a significant challenge. This is made even naifficult by a power supply sector that cannot
meet the demands of a growing economy (UNDP, 208¢rording to the United Nations
Development Programme (UNDP) only one third of Naiais population has access to electricity.
In urban areas as much as 67% have access wheneaaliareas as little as 10% have access. In a
country with an area of 824 269kmnd a population of only 1.8 million, the low pdgtion density
especially in rural settlements makes grid eldctifon impractical and unrealistic and as a result
communities residing in rural areas will have tatwiacades before being electrified (UNDP, 2007).
The Rural Electricity Distribution Master Plan hdesignated 27 000 households as off-grid, which
means they will not be accessed by the nationdlwithin the next 20 years.

The above mentioned factors display the severithefroblem in Namibia. Renewable energy can
play an important role in providing part of a sadat to the problem. Because of Namibia's
favourable solar regime, solar energy technolo¢sTs) can prove a reliable and cost-effective
energy supply technology. The water-saving bemkfitvered by using RETs has been discussed.
Additionally, stand-alone SETs are more suitabie feasible with the low population density of the
country. Because of this, settlements that ardaretast to be grid-electrified in the foreseeatale

be supplied with alternatives. With such technasgin place water provision in these areas can
significantly improve and communities previouslypdadent on rain-fed agriculture can become
more resilient to the effects of climate changee Th-benefits of saving water, improving water
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supply, and adding power to a struggling powercaseamte all essential for the future development of
Namibia.

The National Rural Electrification Programme wasniehed in 1990 and since then the project has
electrified 8330 households (Ministry of Mines a@adergy, 2005). The aim of the project set out in
Namibia’s 1998 White Paper on Energy Policy wasassist in achieving 25% rural household
access to electricity by 2010. However, it becataarafter a number of years that this target would
be missed and that by 2010 roughly only 17% oflruaseholds would be grid-electrified (Emcon,
2008). With the low density of some settlementsl grtensions are unfeasible and the programme
acknowledged the need for off-grid electrificatioptions (Emcon, 2008). As a result of the
Namibian Renewable Energy Programme (NAMREP) thég@d Energisation Master Plan
(OGEMP) was developed to promote off-grid solutioasd will be discussed at a later stage in
Section 5.

The Home Power Programme was set up by the Namimaernment in 1996. The programme
aimed to increase the number of solar home sys{&HSs) by offering loans with a pay-back
period of five years at an interest rate of 5% (MNEO5).

The Ovitoto Fee-for-Service project installed 1345S in the village of Ovitoto on a fee-for-service

basis. The logistical support required to make sarclapproach work was considerable and it was
eventually accepted that capacity in Namibia isiffisient to support such a scheme (MME, 2005)

Because of this, in 2004 the installed systems werwerted to the ordinary SHS where residents
were required to pay a monthly fee and, once tls¢ery is paid off, it belongs to the household

(MME, 2005).

The Ministry of Mines and Energy (MME) was alsopessible for setting up three solar villages.
Systems were provided free of charge to househdligiécs, schools and community halls and solar
water pumps and streetlights were also installetMEy12005). Residents only had to make small
monthly contributions to support the maintenancéhefsystems. Despite the systems still running
today, there has been no investment in similargetej(MME, 2005).

The AccuPower Project was installed by the Univgrsf Namibia. The project provided SHSs but
not the PV panels. Instead they provided a battkayging station where residents could exchange
flat batteries for charged batteries at a fee (MIIE)5). The purpose of this was to reduce the cost
of rural electrification by not having to provid& Banels to all the households but instead jusii¢o
charging station. The transporting of the 12kg dvas proved problematic. Consequently, PV
panels were supplied to households and the progene to an end in 2002 (MME, 2005).

NAMREP was designed to remove the barriers to tiie \gcale introduction of renewable energy
technologies, barriers that were so prevalent @ dforementioned projects. Namibia with an
average daily solar radiation of 6kWH/rhas a highly favourable solar regime for SETs (von
Oertzen, 2008). Because of this SETs were idedtd&having the highest potential and SHSs, solar
water heaters, and solar photovoltaic-powered pumpse selected as the most appropriate
technologies for the project (van den Akker & He@06).

The project was set up and funded by the UNDP donb8ab Environment Facility in collaboration
with the Namibia Government’s Ministry of Mines akRdergy (MME) with co-financing from the
MME and the Danish Government. The MME also setlgrgect Management Unit. The project
progress was monitored by the Project Steering Gtieen made up of representatives from the
MME, UNDP and the Ministry of Environment and Tam (van den Akker & Heita, 2006).
Appendix 2 shows how funds were allocated fordtiferent components of the project. It shows
the breakdown of the GEF funds as well as souréenfinancing and there expected and actual
contributions. Appendix 3 gives a detailed breakdoby sector of the different stakeholders
involved in NAMREP.

The NAMREP was an important project for the develept of renewable energy in Namibia. It was
introduced as a country-wide initiative with thdéldaing aim (MME, 2005):

a) Through providing off-grid solar technologies, irape livelihoods and create income
generating opportunities for rural communities

b) To reduce the dependence on imported fossil fuglprbmoting solar water heating and
solar water pumping
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An expected additional outcome of the project wasantribute to climate change mitigation efforts
by reducing GHG emissions by 233 700 g@Wer a 15 year period (Deenapanray, 2011).

The project included two phases of implementation:

« NAMREP I. The focus of this phase was to provideqdte technical assistance to
government, NGOs, finance and other sectors tostasisithe removal of barriers to
implementation. The aim of this phase was to puplace the necessary foundation to
facilitate the wide-scale introduction of solariteologies.

« NAMREP II: The second phase focused on deliverumgtanable solar energy services to
rural and off-grid households by making use of@&ffe financing schemes.

Five main barriers to SETs in Namibia were ideetifin a baseline study conducted by the MME
for NAMREP: capacity, institutional, public awareseand social acceptability, financial, and
technical (MME, 2005). In order to address theise, dutcomes were defined that NAMREP sought
to achieve (MME, 2005).

1. Capacity building in the public and private secins in NGOs.

2. Establishing a framework of policies, regulatiomsd aactions for support of renewable
energy and off-grid electrification.

Increased public awareness and social acceptabilBETS.
Appropriate financing and product delivery schemes.

Learning, evaluation and adaptive management.

Major findings

The set of tables included in Appendix 4 providgesailed summary of the performance indicators
drawn up for NAMREP and the degree to which theyensiccessfully achieved, as assessed in the
terminal evaluation of the project. It is eviderdrh these tables what elements of the project were
successful and those that were not. Successedprawportant evidence of what can be used in
future interventions, whilst less successful outesnindicate which components require more
attention. The main barriers and opportunitiesdiseussed at a later stage in Section 5 and along
with Appendix 4 this provides a detailed evaluatidithe project.

NAMREP achieved high levels of success in buildoagacity, putting in place policy, laws and

regulations to support RETs, and setting up apjatgpfinancing and product delivery schemes. It
managed to raise the status and awareness of thatipb of renewable energy technologies in
Namibia, increase acceptability amongst stakehsldmnd achieved considerable success in
introducing RETS commercially in the country. Itshalso facilitated the development of new

standards for RETSs in the country.

However, the project encountered a number of ahgdle during the implementation of objectives.

Global goal: To increase affordable access to swile energy services thus contributing to
climate stabilisation by reducing or avoiding £€nissions and improving livelihoods and income
generation of rural people. Unsatisfactory.

Development Objective: To promote the delivery omenercially, institutionally and technically
sustainable energy services by solar energy. Wfiaetbry.

1.2. Decentralised RET companies are adequateposigal. Marginally unsatisfactory.

1.3. Vocational and training centres are capadtatel providing technical training on RETS -
Changes in legislation have prevented this tambetachieved.

An additional concern of NAMREP was the fact thdiyipassed the off-grid and rural communities
which were the intended beneficiaries of the projébe main reason behind this was that the loan
facility was mainly utilised by urban householdsdiaommercial farmers and thus the fund was
rapidly depleted. These households were betteppgdito make use of the loan facility as they had
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more experience with financial procedures, had ssct@ banking facilities, had regular income and
therefore were able to make regular repaymentarfdpand already had access provided with basic
services (Schultz, 2011).

It appears that a common aspect of all the unssftdesomponents of NAMREP is the lack of
follow-up. Whilst the objectives clearly state thiens that are relevant to the different areas ef th
project, most of the unsuccessful areas have rbthemost reliable ways to measure the levels of
success achieved. In particular no supplier or ws®-surveys for assessing emissions reductions
and increase in the usage of RETs, mean that csionkl were based on preliminary studies or
secondary research rather than verifying the outsoof these objectives on the ground. This does
not mean that actions were not implemented bastdifficult to accurately quantify levels of sucses
without strategies to measure progress on the groOne of the principle factors behind lack of
evaluation may be the ‘end-of-project study’ nanigecompleted, as indicated under outcome 5.1.

5.1.Adaptive management, monitoring and evaluation.-&rgroject study. Unsatisfactory

The reason why the end of project study was notpbeted was that the contracts of the PMU
expired upon completion of the project and it was$ established who would be responsible for
completing the project after NAMREP was completed avhether it would be completed. Not
having this responsibility designated meant thabne took responsibility for completing the end-
of-project study and therefore certain elementaroficcurate and comprehensive project evaluation
process were neglected. Furthermore, by not prppedluating initiatives on the ground, problems
can be overlooked and initiatives will continue ie implemented in an inappropriate manner.
Addressing this problem would help to improve tegmre of success of NAMREP.

ii. Demonstration Gobabeb of Renewable Energy and E  nergy
Efficiency

The Gobabeb Training and Research Centre was isbi@dblin 1962 and is located in the central
Namib Desert. It was electrified in 1972 by two stiegenerators provided and financed by the
Ministry of Work (gobabebtrc, nd). By 1990 the ftinos of the centre needed to be expanded
outside the setting of the Namib Desert and fos thirpose the Desert Research Foundation of
Namibia was formed. In 1998 Gobabeb took over &spaonsibility of operating the generators and
therefore had to begin paying for the electridity2004 the implementation of the DANIDA-funded
Demonstration Gobabeb of Renewable Energy and EnEfficiency (Degreee) project began
(Tuinenburg & von Oertzen, 2007). The project depetl a modern hybrid electricity system using
the two existing diesel generators, four solar [mrmtteries, and a bi-directional power converter
In order for the new system to be able to copetietty demand had to be significantly reduced in
Gobabeb. To achieve these reductions a numberesferefficiency measures were introduced as
part of the project. These included: replacing telestoves and kettles with gas stoves, replace
incandescent light bulbs with compact fluorescegits (CFLs), energy efficient refrigerators,
energy saving settings on computers, and educaties to make them aware of system constraints,
with usage tips to make behavioural changes. Rieglactricity meters were also installed. As a
result electricity demand was reduced from 230k\Wj/evhen it was a diesel only system to
135kWh/day for the hybrid system. Between April &mlvember 2006 electricity demand was met
99% by solar (Tuinenburg & von Oertzen, 2007). Tigsre is representative of how effective such
systems can be.

As part of the project a life cycle cost assessmeat conducted for different energy generation
techniques. Table 5.1 shows the favourable perfocamaf a hybrid system.
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Table 5.1: Life cycle cost assessment of different power generation techniques
Tuinenburg & von Oertzen (2007: 15)

Diesel (N$) Grid (N$) Solar PV (N$) | PV hybrid (N$)
Initial costs
System 86 000 1925 000 2 375 000 1200 000
Upgrade 0 0 50 000 50 000
Conversions 0 0 14 000 14 000
Total initial capital costs 86 000 1925 000 2439 000 1264 000
Future expenses
Operating, maintenance & replacements 2773 000 1655 000 190 000 1189 000
Gas 224 000 224 000 581 000 581 000
Total future expenses 2997 000 1879 000 771 000 1770000
Life cycle costs 3083 000 3804 000 3210 000 3034 000
Annual costs 247 000 305 000 258 000 243 00

Tsumkwe Energy Project

The Tsumkwe Energy Project aims to improve acaessadern energy services to the population of
Tsumkwe through developing a solar diesel hybridrgy supply system. Tsumkwe is the largest
off-grid settlement in Namibia and is not schedulede grid electrified within the next 20 years.
Before the project ,which is currently in its firethges of construction, the settlement was supplie
electricity through a mini-grid powered by two déegenerators. However fluctuating voltage and
interrupted power supply are common in the town raout of the three suburbs in the settlement
are not electrified. In 2005 NAMREP commissionedoaservation trip to assess the necessity and
feasibility of a hybrid system in the settlementt{@ltz, 2007).

Tsumkwe has very little economic activity, with pr police station, clinic, primary and secondary
school, a Namibia Broadcasting Corporation stutNamPost branch, administrative offices for
government ministries and NGOS, a small tourisgébdnd guest house, Tsumkwe Craft Centre,
Community Development Centre, two small shops awtral shebeens. Because of this there are
few employment opportunities and out of the popoitadf 700 residents there is only a small high-
income group made up of public servants and NG@®. 3the majority of the population is made up
of San people who either have very low or zero imeoAlcohol abuse is a problem and residents
have raised concern about safety at night duecto d& lighting because of fused streetlights from
the fluctuating voltage of the power supply. Intgtions in water supply are also a significant
problem as the pumps are also powered by the telis®l generators. The only sources of income
in the town are limited tourism, state pensiong] aalaries of public servants. The low-income
groups rely on the government’s drought relief paogme, collection of veldkos, and occasional
game hunting. There are no banks or petrol statimesto unreliable power supply and as a result
the settlement is dependent on the town of Grotwforwhich is 300 kilometres away (Schultz,
2007). The inadequate power supply has been igehiifs the single biggest barrier to economic
development in the area.

The Tsumkwe Energy Project was approved in 2008candtruction is forecast to be completed by
the end of September 2011 (Adetona, 2011). Theeprds being implemented by the Desert
Research Foundation of Namibia (DRFN) in partn@rshith NamPower and the Otjozondjupa
Regional Council, with funding from the Europeam@nission African Carribean Pacific-European
Union Energy Facility (DRFN, 2008).

The hybrid electricity supply system will utilisec refurbish the existing diesel generators and add
a 100-150 kWp solar energy system and storagerigattd he aim of the upgrade is to improve
electricity service reliability, and provide 24 hasupply to essential loads such as water pumping,
street lighting and clinics (Adetona, 2011). Thevrsystem also aims to connect all unelectrified
households in the settlement and to introduce gnefficiency measures. Upon completion of
construction, along with the new mini-grid, the jeat will have replaced over 80 electric stoves
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with gas stoves, installed 80 solar water heafeespaid electricity meters and CFLs and provided
access to alternative fuels (Adetona, 2011). Ctigréhe price of electricity from diesel generation

in Tsumkwe is estimated at N$6 per kWh, and thezZtjdjupa Regional Council is selling at

N$1.20 per kWh, making it very expensive for thenstibsidise. With the introduction of the new

hybrid system and energy efficiency measures thee ps expected to drop to N$3.50 per kWh,
saving the council a considerable amount of moAele{ona, 2011).

As part of the project, the Tsumkwe Energy Suppdynpany will be established and fulfil the role
of independent power producer. The Tsumkwe EnergystTwill also be setup, made up of
community representatives and agencies. The trilldvevresponsible for managing the new system
and ensuring revenue generated is re-investedtir@osystem and for the social and economic
upliftment of the community (DRFN, 2008). In ordand and maintain the project, the project aims
to gradually introduce cost-reflective tariffs ambve away from subsidisation fossil fuel energy
supply/grid extensions. This will be challengingdatihe community needs to be consulted and
closely worked with.

The project also aims to integrate parts of the ®iBEhrough integrating an energy shop approach.
As the system is so dependent on diesel and LB&uit act as a distribution point for these fuels a
none currently exist in the settlement (Schult®Q?. Integrating with the national initiativesas
important part of the project.

b. Botswana

Botswana is an arid country where water scarcitynsajor environmental problem. The country not
only experiences low rainfall but also a highly vee distribution of rainfall varying from 250mm
per annum in the south west to 650mm per annumemorth east. The country is dependent on a
shared water resource and mainly ephemeral rivégrstiae exception of the Okavango and Chobe
Rivers. As a result of the low rainfall, high evagtion rates and high seepage the country has
limited surface water resources and is heavilyantlon groundwater. It is estimated that in 2005
80% of the country’s water consumption was supg@iggroundwater. This brings an added layer of
complexity to water provision in Botswana. Due ke tgrowing demand, abstraction rates have
started to exceed recharge rates and boreholesvaltsl are beginning to dry up. Pollution of
groundwater reserves is of increasing concerntldost of provision is rising with the increasing
depths from which water needs to be pumped (WirgggvDahlberg, 2008).

These conditions suggest what a challenge it [rdoide a safe and reliable water supply to all in
Botswana. Those in remote rural settlements aricplarly vulnerable to fluctuations in rainfall as
many rely on rivers for their water supply. It istronly these communities that are vulnerable ¢o th
effects of water scarcity. The performance of thenemy of Botswana is closely linked to the
climate (Wingqvist & Dahlberg, 2008). Climate charand its effects have started to receive more
attention, and clearly this issue is particulagievant to Botswana.

According to Winggvist and Dahlberg (2008), sevwaiafall fluctuations, EI Nino and La Nina have
already had a significant impact on Botswana. Thesening effects of climate change are expected
to make these impacts more acute in the region.p€eatture is forecast to increase by 1-3°C by
2050, rainfall is expected to decrease, rainfakkres will intensify, and desertification, land
degradation and water scarcity are set to become m@valent (Wingqvist & Dahlberg, 2008).
Because of the above-mentioned factors and itdldra@gosystems Botswana is considered to be
highly vulnerable to climate change. According tinggvist and Dahlberg energy and water will be
the two constraints to future social and econoreieetbpment in the country.

When discussing renewable energy and rural watgplgun Botswana, it is imperative to take
cognisance of these factors in order to realise ingvortant a solution is, and what strategies lgll
appropriate. Policy in Botswana has started to geise this but often fails to translate into
successful practice. The reasons behind this éaileed to be investigated and addressed.

i. Challenges of supplying water to small, scattere ~ d communities
in Ngamiland, Botswana
The proportion of a country’s population with accés safe and reliable water is a serious problem
especially in many sub-Saharan African countriesaqimazi & Mmopelwa, 2006). In the case of
Botswana considerable progress has been made &nd2h% of the population lacks access to
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safe drinking water (Swatuk & Kgomotso, 2007). Whithis achievement is commendable,
disparities at local levels need to be addresskd. North South Water Carrier is a multi-billion
dollar development and is responsible for supplyirager to the majority of the population. This is
made possible by the fact that it was built alohg Lobatse-Francistown road and 80% of the
country’s population reside within 50 kilometres thfs road (Swatuk & Kgomotso, 2007). This
water supply network is the main reason for théhéyels of water access in the country, however
strategies for water supply of remote, rural arsash as settlements in the Ngamiland district
require attention.

In Botswana water is public property and is cotegbland allocated by the state. The Botswana
National Settlement Policy is a spatial developmaolicy with the aim of concentrating limited
government finance in settlements with the highiestelopment potential (Swatuk & Kgomotso,
2007). A settlement needs to be gazetted by thergavent in order for water to be provided to the
settlement. For a settlement to be gazetted it fifdtthe following criteria: have a populatiorf at
least 500 people; it must be at least 15 kilometaa the nearest village; and must have a headman
and a Village Development Committee (Swatuk & Kgtsno 2007). In the Ngamiland district the
majority of settlements have fewer than 249 peapid therefore cannot be gazetted. This means
they are not eligible for water supply or any otkervice provision from the government (Swatuk &
Kgomotso, 2007). This is evident by the differemiséng levels of water provision between
gazetted and ungazetted villages. Village wateplguis one of the main functions of the Ministry
of Local Government, but this is only for recoguiseillages, which means water supply for
ungazetted areas is a problem. Households in gdzs#ttlements get their water from standpipes
provided by the government. These standpipes ahénwt00 metres of households and the water is
provided free of charge (Swatuk & Kgomotso, 20@&)ntrastingly, 89% of households interviewed
in the Ngamiland district depend on the Boteti Riteesatisfy their water needs. The remaining 11%
travel to the closest gazetted village to colleetter (Mazvimazi & Mmopelwa, 2006). In the
Ngamiland district the mean annual rainfall is ldsan 400mm (Mazvimazi & Mmopelwa, 2006).
During the dry season it is no longer possiblepfeople to extract water directly from the river and
these settlements become reliant on hand-dug vitdigseholds are forced to travel between 0.5 to
4 kilometres to get water (Mazvimazi & Mmopelwa0B). Water sources over one kilometre away
are considered inaccessible by the WHO and wilktiegly affect consumption levels. Because of
these conditions water use is on average less2Bditres per capita per day, which is insufficient
for food preparation, adequate hygiene and drinkiNgzvimazi & Mmopelwa, 2006). The
Department of Water Affairs (DWA), in response tincerns that are being raised state that they
develop systems but hand them over to the Dis@€mtincil to manage. The District Council is
unable to keep up with the increased demand diaekoof financial and human resources.

According to Matshameko (2004), the Government ofs®&ana recognises the potential that SETs
possess for providing energy services to rural canities not connected to the grid. In the National

Development Policy 9 the Government included a nemalp policy objectives to promote the use of

SETs in Botswana (Matshameko, 2004: 2):

i.  To promote increased use of photovoltaic/solartéfeation in an orderly manner with
adequate coordination, institutional support, fiting and technical standards.

i. To take advantage of regional and international eigments in research and
development.

iii. Promote the use of solar energy for both power igdioe and water heating where
economically feasible.’

ii. Renewable energy projects in Botswana
The Manyana Pilot Project, National Photovoltaiag@Electrification Programme (NPVREP), and
the Photovoltaic Rural Electrification Master Plame all examples of solar energy initiatives in
Botswana (Matshameko, 2004). Although they achies@tie success there have been numerous
barriers that will be discussed later in this ckapin spite of these challenges, the initiativiesvweed
the potential of solar energy services in Botswabansidering the conditions in the Ngamiland
district that have been discussed, SETs could @lasominent role in providing energy services and
improving water provision in communities like thes¢owever, whilst the technical potential is
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there, issues such as the status of settlementswvhrther they are gazetted still needs to be
addressed - without that, no intervention, no mditev suitable, will be successful.

The Botswana Vision 2016 has been introduced tpghreocio-economic and political development

and bring prosperity to all in Botswana (Presidantiask Group, 2011). The Vision places emphasis
on the need to address water provision for remetttements (Presidential Task Group, 2011). The
following statement indicates the areas of con@gntified by the strategy:

Botswana must develop a national water developraadt distribution strategy that will
make water affordable and accessible to all indgadhose who live in small and remote
settlements. (Presidential Task Group, 2011: 34).

In addition to this the vision highlights the neteddevelop technologies for remote water supply
(Presidential Task Group, 2011). This is significamogress for Botswana and may lay the
foundation for addressing remote, rural water syppthe country - an area that has been neglected
by past policy, as discussed above.

The Botswana National Decentralised Rural Electifon Programme is an initiative focussed on
providing energy to areas that will not be gridcéfified in the foreseeable future. In July 2016 th
Botswana Power Corporation (BPC) awarded the prégeElectricité de France (EDF). The project
aims to electrify 50 000 to 70 000 homes over aopeof ten years. Products provided by the
programme include PV panels, LED lamps, and impitoveodstoves (EDF, 2010). For the bigger
villages PV plants will be connected to mini-gritts provide a more substantial power supply
network. In order to make these products availghkeprogramme utilises local franchises. EDF are
also responsible for training of local personnetitsure a transfer of skills to the local community
Franchises are responsible for installing and raaiirtg installed equipment and generate revenue
through a monthly service charge, electricity farifrecharging lanterns, and selling equipment
(EDF, 2010). There is a pressing need for this aniogne and it has the potential to address the
problem of poor energy provision in remote settlethein Botswana. Considering that water
provision in remote areas experiences similar gmoislto energy there should be more integration
between the National Decentralised Rural Electtfan Programme and water provision in remote
settlements. Decentralised energy solutions haeemaus potential to improve water supply and
when something like the above-mentioned programuts in place the necessary technologies all
that needs to be done is to identify the link befwéhe two and the possibility that exists. Pragject
such as those discussed in Namibia make use aof lsgieid mini-grids for water pumping. The
Botswana National Decentralised Rural ElectrificatProgramme identifies the possibility of solar-
powered mini-grids for larger villages. Such minigg could be used for water pumping and could
play an influential role in addressing the probleshpoor water supply for remote rural settlements
in Botswana.

c. Mozambique

Mozambique has made considerable socio-economirgss since the end of the civil war. Stability
has been added to the political landscape, povatgs have been reduced and GDP is growing.
Despite this progress the country remains one ef ghorest countries in the world, with a
population heavily dependent on natural resour@ésrifl Bank, 2007). Because of this extreme
weather events have had a devastating effect ocotlnatry. For these same reasons, Mozambique is
considered to be extremely vulnerable to the ingpattlimate change.

According to Erhart and Twena (2006), by 2075 inzZElmbique temperature is forecast to increase
by between 1.8°C and 3.2°C, accompanied by a 2+3tease in solar radiation, and 9-13%

increase in evapotranspiration. It is also predidteat rainfall will decrease by 2-9% and this

decrease will be particularly prevalent in the gragwseason which will have a significant effect on

crop yields. The frequency, intensity and unpreditity of floods, droughts and tropical cyclones

are all expected to increase. Furthermore the @€@nasetre sea level rise that is expected by 2100
will have a disastrous effect on the 2700 kilomewastline of the country where over 66% of the
population resides and commercial centres areddd&hrhart & Twena, 2006).

Considering these possible impacts and how muchdpalation and especially the rural population
in Mozambique is dependent on the land, developimgliable and adequate rural water supply is
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essential for increasing the adaptive capacityucdlrMozambique to climate change. It is with this
in mind that the feasibility of RETs for improvimgral water supply should be assessed.

i. National Rural Water Supply and Sanitation Progr  amme in
Nampula and Zambezia Provinces, Mozambique

The National Rural Water Supply and Sanitation Pang (NRWSSP/PRONASAR) is aimed at
improving rural water supply and sanitation in Mowague and especially making use of RETs in
appropriate settings to improve functionality ofterapoints and to provide a more reliable service.
The project aims to do this over the period 2006528nd will be implemented by the Government
of Mozambique, NGOs, development partners, prigsatgor and community members (Ministry of
Public Works and Housing, 2009). The programme télimplemented in two phases, Phase I:
2009-2011, Phase Il: 2012-2015. In order to impmwal water supply and sanitation the project
aims to: increase rural water coverage from 48.69%09 through providing new or rehabilitated
water points and small supply systems, and increasiation coverage from 39% to 50% through
the construction of improved latrines, by 2015 (idiry of Public Works and Housing, 2009). By
doing this, the project will attempt to satisfy lzatuman needs and address rural poverty in
Mozambique.

The Programme consists of four components (MOPE928):
1. Support to sustainable increase in rural water lgugod sanitation (RWSS) coverage.
2. Development of appropriate technologies and managemodels for RWSS.
3. Capacity-building and human resource developmetlitarRWSS sub-sector.
4

Support to decentralized planning, management, tmamy and financing of RWSS
activities.

A Programme Steering Committee and Programme Ingaigation Teams were set up to guide the
project and monitor project activities (Ministry Btiblic Works and Housing, 2009).

The African Water Facility, funded by the Africareizelopment Bank conducted a study that looked
at the problem of inadequate rural water suppllozambique. This study formed the basis of the
PRONASAR (African Development Bank, 2010).

PRONASAR is based on two policy frameworks, thatggic Plan for the Rural Water Supply and
Sanitation Sub-sector (PESA-ASR) and the ActiomHiar the Reduction of Absolute Poverty
(PARPA) (2009-2012) (AfDB, 2010: 10). It is aimed all rural areas in Mozambique and is
estimated to benefit 3.8 million people out of to&al rural population of 16.9 million. The African
Development Fund (ADF)-funded projects are to belémented only in the Nampula and
Zambezia provinces. These two provinces were ifietitas priority areas for the project due to the
fact that they are densely populated and the wagdr coverage is roughly only 40% (AfDB, 2010).
The project has placed priority on low maintenasscdutions and focused on making use of
renewable energy options that have the abilitynprove functionality. The aim of the water
schemes was to provide a reliable supply of watatt teast 25 litres per capita per day a maximum
of 500 metres away from the targeted householdsag\where hand pumps were not delivering
satisfactory performance were identified as ardwd twould need power-driven pumps to be
installed to ensure a reliable supply. It is estedahat around 800 000 of the rural populatioth&n
two provinces will benefit from the project (AfDR010). SETs are being made use of already to
improve performance of existing systems (Ministfy?ablic Works and Housing, 2009).

The projects were divided into seven main compaetecentralised planning support (includes
plans, equipment and staff), capacity buildingaruwater supply infrastructure, rural sanitation,
technical assistance and consultancy, testingnalti#e options, and program management (AfDB,
2010)).

In order to track the progress of projects and wetal how successful they were a number of key
performance indicators were developed (AfDB, 20I0gy are the following:

* Number of people with access to improved drinkirgtex sources, and the percentage of
them which are female.
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« Number of people with access to improved sanitatailities, the percentage of which are
female, as well as the number of new on-site S@mitaneasures.

« People educated through hygiene programmes, ticemqtage of which are female

« New committees with approved associations, thegmage of which include women as
members.

< Public and private sector staff trained in projegtlementation.

« Number of districts RWSS plan; and number of jemttor reviews carried out.

ii. Sustainability of rural water supply projects i n the Niassa
province, Mozambique

WaterAid conducted a study looking at the sustalitlof rural water supply projects in the Niassa
province of Mozambique. The aim was to establisiv aell services last over time and, if they do
not, why this is the case. The study found a nundaféactors contributing to poor sustainability.
Spare part availability was a problem especiallyrasy of these settlements are in remote areas;
because they cannot access spare parts, servigsi@mois interrupted (Jansz, 2011). Unsuitable
community management models and poor capacitydal loommunities was identified as another
contributing factor. The need for education andiskievelopment of all stakeholders was identified
as an essential component to increase capacitgnmmeinities, and also to make use of a process
that encourages community participation (Jansz1R0thadequate finance and poor management of
finance led to project funds running out beforeieahng all intended project outcomes. Sector
coordination, better planning and including comrtiesiin the planning process, and supporting
policy were all identified as areas that requingHfer attention (Jansz, 2011).

iii. Clean energy and water

The Government of Mozambique has attempted to ingraral water provision by drilling more
boreholes, the majority of which are served by hpmohps which are unreliable and unsuitable for
the tasks that are required of them (SSN, 2007& Attion Group for Renewable Energies and
Sustainable Development (GED) a local NGO in Mozand implemented a project to address
these problems and contribute to climate changeyaibn and adaptation. Other partners in the
project were: the Energy Fund (FUNAE), the NatioB@dectorate of Water (DNA), the National
Disaster Management Group (INGC), the National @orate of Environmental Management
(DNGA), The National Directorate of Rural DevelopthéDNDR), southsouthnorth (SSN), Energy
Environment and Climate Research Group (SSN, 2008 project was funded by DANIDA.

It was decided that PV-powered water pumps weranrtbst suitable solution (SSN, 2007). These
pumps are suitable as they can replace existing pamps which do not operate with the high level
of the water table and are not sufficient to sugglgquate water for large numbers of people. PV-
powered pumps can also be used instead of diesedrpd pumps. This reduces emissions and fuel
costs. The project proposed to install a systesixprovinces, namely: Maputo, Inhambane, Gaza,
Sofala, Manica and Tete (Action Group for Renewdbtergies and Sustainable Development,
2007). All these provinces are arid or semi-arid arith the impacts of climate change becoming
more evident, these projects would be a cruciabdi@n and mitigation strategy to improve water
services in rural areas. Each project was to ircludolar PV pump, a tank for water storage, basins
and taps, clothes-washing facilities, and troughsiviater for livestock. Each system was intended to
serve 500 people and 100 livestock in the projéihity (Action Group for Renewable Energies
and Sustainable Development, 2007).

The project implemented in the Maputo province leadised much success. The local community is
satisfied with the project and expressed that tlogept has improved security of water supply and
provided them with increased resilience to posdibtere climate change impacts (Cuamba, 2011).
The local community and municipality have takerpoessibility for the project. In the setting up of
the project, the community was required to contghiheir labour to help with the construction of
the project, but were not required to make an upffmancial contribution. Once the project was
completed, households were required to make a ryofittancial contribution to help with the
maintenance of the system (Cuamba, 2011). Dedpiteoverall success of the project, various
barriers have been identified. The flow of inforfoatwas identified as one of the major constraints.
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The lack of staff and time of GED was another fadtat needed to be overcome. Inadequate
technical capacity in the communities necessitaeding workshops (Cuamba, 2011). The projects
in the other five provinces were not implemente@ ¢ a lack of funding. However some other

water pumping projects have started in the Inhamlpaovince.

Issues such as the need for decentralised plammdgskills, lack of capacity in government and at
the local level, inadequate funding, poor infrastnioe and governance issues are prevalent in all
projects in Mozambique.

d. Barriers, opportunities and gaps for energy
technologies in rural water supply

A framework for analysis

Although it is evident that the aforementioned pot$ encountered challenges, a further step needs
to be taken, first to identify the exact barriersl avhy they have occurred, and then to highlight
what can be learnt and what opportunities existorigher to identify barriers and group them, a
framework developed by Painuly (2001) was used rnalyae the barriers to renewable energy
penetration in these projects. This is necessagalse although RETs are commercially available
and in many cases economically viable they hadeddd meaningfully penetrate the market. This
framework aims to analyse why this is the case wflerence to the case studies. The framework
makes use of seven categories for barrier ideatifio: market failure, market distortions, economic
and financial, institutional, technical, social tcwhl and behavioural, and other barriers (Painuly,
2001).

The issue of market failure is prevalent in manyhef projects that have been discussed and this is
evident when investigating the elements that cbutel to market failure. Lack of awareness and
information was a significant obstacle for manytioé projects as shown in the water pumping
project in Maputo, Mozambique (Action Group for Remble Energies and Sustainable
Development, 2007). This was mainly brought abguthe lack of agencies equipped to provide
information to the public. This is particularly imgant for increasing acceptance of RETs as most
of the communities were unfamiliar with them (vaandAkker & Heita, 2006). The lack of the
necessary agencies was also evident in the poerdfonformation to stakeholders. Poor market
infrastructure in the form of under-developed sypphannels was responsible for lack of
availability and product visibility in many of thgrojects; this was especially the case in remata ru
settlements (Fagbenle, 2001). According to Jar3¥1(Rthe cost of spare parts and where to source
the technologies from, made them less accessildayNRETs could not be manufactured locally as
the market demand was too low which made the cbgiraduction too high, therefore these
technologies had to be imported. This made thenffandable. The project implemented by
WaterAid in the Niassa province of Mozambique is example of one encountering these
challenges.

Market distortions are the second sources of lyaree identified by Painuly (2001). A particularly
significant element of this is the non-considemataf externalities in the pricing of conventional
energy as well as subsidies. This makes it diffital RETs to compete economically and as seen in
many of the projects is cited as a substantiaidraio their wide scale use.

Economic and financial barriers often receive matiention. The high initial cost of RETs often
makes them prohibitive, especially as many of thegdt areas are low-income rural areas
(Deenapanray, 2011). The high cost of capital, laickccess to capital, high up-front capital costs
for investors and lack of financial institutionsrther compound this problem. Moreover,
government funds in these countries are limitedextdrnal donors play a key role. This is the case
in all the projects and can be problematic duehtodegree of dependency it fosters. The result is
often a lack of ownership over the projects. Beeaafsthis, many projects have started to enforce
communities making a monthly financial contributimnthe maintenance and upkeep of the projects
to ensure local stakeholders are actively partizigain the project and contributing to its
sustainability (Action Group for Renewable Energies Sustainable Development, 2007).

According to Deenapanray (2011), one of the maimsaf the NAMREP was to address the lack of
government investment in rural areas. The limitegilable government funds are mainly invested in
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grid extensions, which are unlikely to access #maate rural communities. Furthermore as seen in
most of the projects, government funds are put mmeas with the most potential, therefore
communities that are most in need are often negle¢Bwatuk & Kgomotso, 2007). Private
investment into renewable energy technologiesssaliraged by institutional and regulatory barriers
and by small market demand (Deenapanray, 2011) NRMREP project put in place an effective
financial planning structure. This ensured thas#xg financial resources were utilised optimally
and resulted in high delivery rates of the proj@xenapanray, 2011). In spite of the relatively low
maintenance required by most renewable energy tdogies, the issue of the price and access to
spare parts was problematic (Jansz, 2011). Iniaddib this the pricing of water or how to collect
revenue remained an obstacle. This was particutargent in the effort to upscale the Manyana
Pilot Project to the National Photovoltaic Rural edtification Programme (NPVREP).
Consequently, costs could not be recovered, dgliveas poor and the project was terminated
(Fagbenle, 2001).

Institutional barriers often found in developinguotries pose a serious challenge. The lack of
institutions to generate and disseminate informaia serious concern and responsibility is left
with an already overloaded provincial governmeninoinicipality. Governments and municipalities
lack the resources and capacity to carry out tirapertant functions and they are as a result often
neglected. The lack of involvement of stakeholderdecision making has received some attention
in all the projects and has to a degree been ssfotés projects such as NAMREP. Despite this, it
still remains a barrier and a culture of conswtatind participation needs to be created. Thedack
private sector participation, which is evidentc@ised by the risk in investing in these projemts]

the fact that better opportunities lie in otheraastments (Fagbenle, 2001). Additionally, the latk o
consistency in government policy causes uncertaintlyfurther reluctance to invest. The capital and
efficiency that the private sector can offer has #ility to improve projects, and therefore their
participation needs to be incentivised. The stattim settlement according to the government
dictates whether a settlement will receive an irgetion. As was evident in the Ngamiland district
of Botswana, ungazetted areas were not eligiblgdoernment water provision, and because of this
access to water in these settlements was poor ((8\Wakgomotso, 2007).

Painuly (2001) further identifies technical barsias factors inhibiting the potential of RETs. @fie
the major elements of this is the lack of skilleetgpnnel. This is linked to the lack of capacity in
communities especially in rural settlements. Asidgld to in the projects, these communities are
unfamiliar with the technologies and therefore gfffe to maintain and repair systems once
implemented (Jansz, 2011). This makes communigksnt on skilled technicians often travelling
from distant urban centres. This means delaysriricgeprovision are common and repair is costly.
More effort is being placed on training individuals the community so that they can take
responsibility of their own projects as shown ie firoject implemented in Maputo, Mozambique.
Product reliability has also received some attentio the projects. Poor quality, lack of quality
control and inadequate standards means that quafitproducts is sometimes sub-standard.
Consequently, reliability becomes a problem. Systemstraints also pose a problem such as the
integration problems of RETs with the existing gtithked to the previous barrier of lack of private
sector investment is the lack of entrepreneurdhiénrenewable energy industry in these countries.
The risks and low profitability discourages thend aesults in the lack of competition that is présen
in the sector.

Social, cultural and behavioural barriers, expreésaethe lack of consumer and social acceptance,
are issues that are raised in all the projects.rmai@ reason behind these is the lack of informatio
and education about these products. Products anestien as alien and inferior, and a preference for
traditional energy remains (Deenapanray, 2011hdAlgh such views are often unfounded, they still
significantly affect the attitude towards RETslies$e areas, which influences the level of sucdess o
projects. Increasingly people are becoming awartewof important it is for projects to address these
areas and projects are starting to take them mdweconsideration in planning and implementation.
The Manyana Pilot Project focused on increasingatteeptance of solar energy technologies and
consequently the project showed high levels of sss@nd there was an effort to upscale it within
the NPVREP. Even though the Manyana Pilot Projeat hchieved high levels of success, the
upscaling effort was less successful.
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Closely linked to social acceptance is communitynesship and participation. One of the most
successful outcomes of the NAMREP was the strongesef ownership by the country due to the
process used by the project. However, some keglstddters were not included or could have been
included at an earlier stage in the project. Sigaiftly more input from these stakeholders in the
design phase of the project could have been caomédb The fact that NAMREP missed its intended
beneficiaries is a clear indicator that there watssufficient participation from all stakeholdettsad
levels of the project (Deenapanray, 2011).

There are a number of other barriers that canngrdaped under the previous six headings but are
still prevalent. Uncertain government policies aree of these. Un-supportive policies for RETS,
lack of government capacity and lack of faith inTRErom the government were all evident to some
degree in the projects in Botswana, Namibia andavtdzque.

Lack of infrastructure is another significant comcin all these countries. Roads, connectivityht t
grid and communications infrastructure all becanpgablem especially in the remote settlements.
These are difficult conditions under which to impknt a project based on new renewable energy
technologies and also make achieving sustainabilitthese projects challenging. Emphasis on
supporting infrastructure is acknowledged but diffi to address without huge investment.

e. Lessons learned

There are a number of lessons to be learned frentdke studies that have been discussed. These
not only highlight the problems that were encousddvut provide areas of focus for future projects.

Properly equipped agencies need to be set up tadgraxformation about RETs and campaigns and
activities need to be run to increase visibilitydapromote the use of RETs to the targeted
communities. The REEEI at the Polytechnic of Namilsian example of an institute that has been
earmarked as having potential for NAMREP.

A cost-benefit analysis to compare SETs and fdgsib is important for the marketing of SETs. The
benefits of SETs also need to be effectively conmimatad to the public to bring about social
acceptance. Financial instruments are needed poemal-users overcome the high capital costs of
the technologies. The government could also impgo&sng of energy that reflects externalities.
This would help to make RETs more competitive angdrove affordability for the poor.

As funds are such a problem, projects need to a@pimework that enables them to generate some
revenue. Monthly financial contributions from commities to help with the maintenance of the
projects have started to be used in various p®jactl are an effective way of recovering costs.
Good financial planning is essential for managimg aptimising the use of existing funds. The
planning structure used in NAMREP showed what &ihce this can make to project delivery
rates. Expanding loan schemes is also needed tueye the growth of these technologies.

Government policies need to support the introdactb RETs and promote better service delivery
for all settlements, especially those in remotalrlacations.

Training local personnel and setting up local artisassociations is needed to ensure that
communities can take full responsibility for thewn projects and do not remain dependent on
donors after completion of the project.

Running workshops to educate and actively engagammities in projects is an essential
component. These can build capacity, raise awaseaed increase participation in projects. The
planning phase of projects also needs to includdigpuonsultation to further increase participation
in projects and to create ownership over them.

f. Opportunities
The following section describes how a UNICEF projegplemented in Guro district, Mozambique
effectively dealt with many of the barriers mentdmabove. It is a good example of how obstacles
can be overcome, and the opportunities that exisfuture projects.

In order to improve rural water supply in the Guistrict of Mozambique, the community
developed a model for the sustainability of watgrmy infrastructure. The model allocated specific
roles to different stakeholders and appointed @&madmmittee, made up of community members.
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The committee was responsible for the operationraaimtenance of the water points, and decided
on and collected water charges. Each householdalgas obliged to make an upfront financial
contribution to the project to help recover thetsax the installations. This also showed a level o
commitment and meant each household had a stake project (Godfrey, 2010).

Local artisan associations were set up. Localarsisvere trained to maintain the systems and be
responsible for the spare part supply chain andittimg the spares. Additionally they were given
the responsibility of carrying out compulsory maimince checks every three months. This not only
addressed the problem of the availability of spaags but ensured installations were maintained
using local skills, were monitored and providedbarse of income for the local artisans (Godfrey,
2010).

Because of the active role, community members tookhe project a sense of ownership was
inherent in the project. To add to this, a seriesustainability workshops were run to educate the
public about the costs and maintenance of renevetsegy technologies and raise awareness about
their potential benefits. These workshops were atsl to give the opportunity for all stakeholders
to meet together and come up with ideas about lwerdate a locally driven framework for the
project and for the maintenance and repair of wadénts. By doing this it allowed the community
to design the project (Godfrey, 2010). As a reghk, project was tailored to the local community
and mishaps such as missing the intended projeeffic&ries were avoided.

Lastly, a database of the water points in theidistvas created. This was done to monitor the statu
of water points, to minimise breakdowns and to pré\delays in the repair of faulty water points.
This database was important in building up datawater services in the district (Godfrey, 2010).
Many of the other projects encountered a lack ¢& @dad inaccurate data as a problem. Creating
such a database is a way of combating this challeng

Figure 5.1 below provides a graphical represematiothe model that was used in the project and
the stakeholders active at the different levels.

National
Directorate of
Water (DNA)

Province

District

Community

Figure 5.1: Model for sustainability of water suppl y infrastructures
Godfrey (2010: 2)

Because of the project, non-functioning water gointthe Guro district fell from 30.3% to 0%. Not
only were non-functioning water points repaired dutadditional 46 new water points were installed
from 2007 to 2010. The project also identified plagential of utilising the improved water supply to
support the cultivation of vegetable gardens arel thss activity as a possible source of income
(Godfrey, 2010).

The provincial and national government and UNICHBRyed an important facilitative role in
offering support for the project. The district adistrator also took an active leadership role m th
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project and was helped by APRODES, which was th@®©N&sponsible for community workshops
and social mobility activities (Godfrey, 2010).

The UNICEF project in Guro, Mozambique and the Margy Pilot Project in Botswana were both
successful projects. However, neither has beenalgssuccessfully. There may be a number of
factors contributing to this, but the problem ofeoeentralisation of resources and skills was
identified as a problem in other projects impleredndn a national scale, and could be the reason
behind the unsuccessful up scaling attempts. Deadiig skills, finance and responsibilities has
been shown to improve effectiveness of projectssdmmlild be considered in the implementation of
large centrally managed projects. The lack of cioatibn between government departments is an
additional factor to consider. When projects arplamented on a larger scale that require a number
of government departments, their inability to efifezly deliver a coordinated approach results in a
fragmented project, and ultimately the effectivenesompromised.

The case of Guro is a good example of a projecit agas solely dedicated to developing a
sustainability model. However, elements of the ottese studies also represent opportunities that
can be built on to realise greater levels of susgefuture projects.

Workshops, distribution of pamphlets, training pagmes, and cost-benefit analyses played a
particularly important role in NAMREP to increasehfic awareness, capacity and knowledge about
RETs and to shift perceptions. New policies andslamere also established to support the

introduction of RETs and which led to the creatafnstrategies such as OGEMP and vocational
training centres. Government ministries also betgarintegrate SET plans in their strategies.

Standards for SETs were established as a restiteqgroject. Furthermore effective financing and

product delivery schemes were developed by andedilin the project. Adaptive management,

monitoring and evaluation was another strong corapbaf the project (Deenapanray, 2011).

The Off-grid Energisation Master Plan (OGEMP) amg tSolar Revolving Fund (SRF) were
initiated by NAMREP and are the initiatives resgbles for promoting the uptake of renewable
RETs. These play a crucial role in continuing trerknof NAMREP now that the project has been
completed.

The OGEMP is based on an Energy Shop approachg¥séaops are located within a reasonable
distance from the targeted communities and suppdygy products, services and the accompanying
appliances. The shops also act as payment colleptimts for a national off-grid energy financing
mechanism. The need to outsource the managemehe ddGEMP fund was identified as being
necessary due to the lack of previous experiencthefMME with such matters (Schultz &
Schumann, 2007).

The SRF was previously administered by private faddninistrators but in April this year the
Ministry of Mines and Energy took over responstpiland launched a new SRF as part of the
OGEMP (Namibia Economist, 2011). Loans are maddadla to households wanting to purchase
SWHSs, SHSs, or PVPs. The period of the loan campbi® 60 months at 5% interest. As the fund is
based on an ownership model, once the system les flngchased the household becomes the
owner of the system and is responsible for the teaance of it (MME, 2011). The SRF will be
expanded in the future to include cook stoves, ISR®es and lighting devices. The aim of the fund
is to provide access to modern renewable energmtdagies to rural areas (MME, 2011).

The Gobebeb and Tsumkwe energy projects displdweg@dtential of hybrid mini-grids and how to
address the challenges of revenue collection aachgrefficiency to operate within the limits of the
systems (Adetona, 2011). Programmes such as thewBo& National Decentralised Rural
Electrification Programme indicated that all theegsary technologies and strategies for RETs are
available and that linkages need to be made wghess like water provision, like was done in
Tsumkwe using the hybrid mini-grid to provide aiable water supply. Strategies such as the
Botswana Vision 2016 are playing an important rieidentifying such linkages as well as
identifying areas that have been neglected in #e pnd require attention. The acknowledgement
by Vision 2016 that water supply for small and réeneettiements requires attention is a good
example of this and is fundamental in improving¢baditions of these types of areas in the future.

The Manyana Pilot Project and the GED project inpMa illustrate the potential of social
acceptance to act as a catalyst to the succesojetts. They also show how the contribution of
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labour from the community in construction and sgjeat monthly financial contributions can be
fundamental to sustainability of projects.

The successes in the above projects show how glthprojects encounter many challenges there
are many opportunities for new projects. Many of tthallenges encountered were avoided or
addressed to some extent. These projects show bodvglanning, management, and education can
make a significant difference, and use limited veses as effectively as possible. Communities
taking an active role in the project and leader$tum local government were essential in nearly all
the successes shown in the projects. Without tidfilsential players the projects would have lacked
the initiative they provided. This is important base it is not merely lack of funding that is a
constraint to projects, and this is visible in thany other barriers encountered in the case studies
provided. It is important for communities and logalvernments to develop other components that
projects depend on so that when they do manageceive the required finance the necessary
conditions exist to support the funding and maleepioject a success. This kind of mindset needs to
be applied to all projects in order to move awaynfra dependency mindset, and presents an
opportunity to communities and local governments.otder for countries in southern Africa to
achieve progress this change in mindset is imperati

g. Integrated systems of several infrastructure ser  vices
improve benefits to communities

Infrastructure and the services it can provideimportant for growth and to improve the well-being
of communities. One of the major reasons behinde¢bent improved growth performance in Africa
is the development of infrastructure (Foster & Bfio-Garmendia, 2010). Despite the improving
conditions, infrastructure in Africa still lags betli most other developing regions in the world. The
economic geography across Africa is varied and makdifficult to address the needs of the
different parts of the population. Power is onetloé biggest infrastructural challenges. Most
countries in Africa have an inadequate power supplgerve the population, and low population
densities especially in rural areas make it diffito expand the supply network. Lack of funds and
underinvestment has hampered further growth andusecof this infrastructure is far below the
level required by the growing population and topmup growth (Foster, et al., 2010

Another feature of the infrastructure landscapé\fica is the expense of infrastructure services.
Due to the diseconomies of scale in productionlaokl of competition, prices of these services are
high and unaffordable too much of the populationaddition to this, further institutional, regulato
and administrative reform is required in Africapimmote development of infrastructure rather than
acting as a constraint (Action Group for Renewdbhergies and Sustainable Development, 2007;
Swatuk et al, 2007)

The above mentioned factors mean that communitiesany African countries lack the access to
the necessary system of infrastructures to imptbee quality of life. New projects are needed to
address this problem, but the environment in witiegly are implemented in is often a limiting factor
as the necessary pre-existing conditions to maiethject successful are often not in place. These
challenging conditions often contribute to the lowean expected levels of success in projects
(Foster & Bricefio-Garmendia, 2010). Improvementinfrastructure can help to create a network
that increases the quality of life of communitiesl dacilitates the introduction and success of new
projects.

As is evident in the above-mentioned case studidiastructure in water provision and energy
supply is lacking in Namibia, Botswana and MozarmbkigResultantly, significant portions of the
populations in these countries, especially rurahmunities, lack access to these services. The poor
levels of basic infrastructure make it difficultrfoew projects to succeed. The role that RETs can
play in providing energy and water services toéhemmmunities is clear. Such technologies are less
dependent on well-established infrastructure aretefore offer a more feasible solution than
strategies such as grid-extension. Because opti@ntial that RETs possess, they are beginning to
play a larger role in African countries and mayflmedamental to providing solutions in energy and
water provision as well as other services in therfu
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h. Outstanding research areas
This section has outlined barriers and opportuitee renewable energy projects for rural water
provision. What still remains is the need to idigntireas that require more research in order to
contribute to furthering progress in future progect

Despite education and training being focused orreremphasis needs to be placed on them as their
lack is a fundamental barrier in most developingintdes. Through improving education and
training, capacity can be built at a local and oral level. Government officials and community
members will be equipped to take leading rolesrimjgets, and it fulfils a necessary condition to
enhance acceptance and ownership. This has thatipbt® aid decentralisation of skills and
resources and to make a more attractive environfoeptivate sector investment and participation.
Effective ways to achieve this especially in remateal communities still need to be established.

The lack of up-scaling is an area that has recemeach attention, but little progress has been made
in increasing the number of successful exampleseMmrk is needed to investigate what is needed
to facilitate successful up-scaling attempts oregeeal an alternative model to follow to achieve
similar effects of up-scaling but through followiaglifferent path.

What is required to create an environment that resspolicy is formulated through consultation
with the community? What is needed to ensure thatessful policies and strategies access and
benefit the people that are most in need?

Policy issues related to the water-energy nexushsildiscussed in the next section. Examples for
the policy analysis are taken from South Africa whegenerally, very good policies exist in the
separate sectors of energy, water and climate ehang
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6. Policy issues: Reflection on the water-energy
nexus in the context of climate change in South
Africa

a. Introduction

I ssues
» The water-energy nexus is not sufficiently recogdisn policies, regulations and
laws in South Africa.

* Mining companies, Eskom and banks are pushingékason the political agenda;
their focus is on water quality and quantity needed mining coal for the
generation of electricity.

* Research needs to inform and assist governmentaking the right decisions
around renewable energies.

» Especially poorer municipalities which lack capaand skills as well as small-
scale farmers need to be enabled to adapt to agmgiather conditions (droughts,
floods, water quality) including impacts on servitedivery.

The water-energy nexus in policy and planning dais - local municipal case study:

« Elundini, a small municipality in the rural Easté&€ape Province, supplies citizens with
water from dams and boreholes operated by dieg@hen Increasingly water shortages
create an additional supply challenge. The IntegraDevelopment Plan of the
municipality speaks about a hydropower plant, buhigipal managers are not aware of
this plan. The reality of rural service deliverytive example of water and energy supply
in the context of climate change provides a caseafoinvestigation of the planning
processes and broader research into political psese awareness and acceptance of the
water-energy nexus amongst policy makers

» Is there specific planning/policy for the water-anenexus? What could it look like?

e |s there awareness of the water-energy nexus argment levels and is the climate
change impact on this nexus appreciated?

* To what extent are policymakers aware of renewallergy technologies and the
potential role they can play in adaptation to ctenehange in particular in the water —
energy context?

* What are the barriers for governments to addrass-irmulti-departmental challenges
with appropriate/collaborative solutions and howldahey be overcome?

« What does appropriate cross-sectoral policy fortiaria budgeting, implementation
and evaluation in the field of energy and wateklbke, taking national circumstances
into consideration?

At present, governments all around the world ayengr to grapple with the challenge of energy
security in a changing world climate. In countrdescerned about poverty alleviation, this matter is
closely linked to development decisions being ingoatr for the economic growth. Whilst new
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energy policies are being formulated and re-wrjttliere is an opportunity for linkages between

energy production and its consumption, water amdate change to be brought onto the agenda
(The World Policy Institute, 2011). In this regatide role of renewable energy in sustainable water
supply is especially important in the context afatuevelopment.

Energy, water and development policies need tdigeeal on this matter, and cross-checking to be
mainstreamed in the formulation and evaluation wfhspolicies. The implications of the linkage
between water consumption and GHG emissions nebd tmderstood and taken into consideration
(Hoyle, 2008). Generally, all policies need to ksessed against its potential implications on water
In brief, ‘The water-energy nexus, along with it&le+ranging impact and the challenging questions
that result, has earned a rightful place on théalpolicy agenda’ (The World Policy Institute,
2011).

Policy is ‘a long series of more or less relatedicks, including decisions not to act, made by
governmental bodies and officials’ (Dunn, 1981).cAmprehensive policy process analysis is
necessary to make out the national status-quo @awtify gaps. Compared to developments in
countries such as the United States of Americantiter-energy nexus it is a new topic in the South
African context, not yet reflected in laws, pol&iand regulations. The current debate around the
water-intensive extraction of natural gas througtraulic fracking in the water-scarce Karoo is a
good example of the direct relationship betweerewand energy decisions. This case may present a
good learning opportunity for national, provincgaid local governance and policy making. Relevant
policies need to be formulated and the appropréseiof these tested.

Working towards mainstreaming the considerationwater in energy and development policy

making and decisions, the World Policy Institute daveloped an analytical framework ‘to evaluate
the water energy relationship and policies to badacompeting needs and identify policy options
that address various trade-offs’ (World Policy iuse, 2011). The framework (see Appendix 5)

suggests improving the collection and analysis whale range of data related to water and energy.
Subsequently, cost analysis and a review of gonemeechanisms is recommended.

Exploring the South African policy environment fuet, comprehensive research taking the whole
policy circle into consideration, is advised. Ewehen following a simple policy circle, several
research questions arise.

For a new issue, like in this case, the water-gnaaxus to be integrated into policy, first of @ll
needs to find its way onto the political agendaerdn-setting being ‘the process by which problems
and alternative solutions gain or lose public alité ettention’ (Birkland, 2005), the recognitiofi o
the water-energy nexus by policy makers and théeréifit groups in society is crucial. The
competition for attention, however, is fierce dadimited space on the agenda and the fast rotation
of topics. The model in Figure 6.1 categorises feuels in the agenda-setting process.

The agenda universe stands for ‘the list of allgbssible ideas that could ever be advanced in any
society’ (Birkland, 2005) and compares to the systeagenda which ‘consists of all issues that are
commonly perceived by members of the political camity as meriting public attention and as
involving matters within the legitimate jurisdictioof existing governmental authority’ (Cobb &
Elder cited in Birkland, 2005)). Issues, problem&eas which made it into the systemic agenda are
believed to be accepted within well-establishediadpgolitical, ideological and legal norms.
Successful elevated matters move into the ingitali agenda where they are placed on the ‘list of
issues that is currently being considered by a mowental institution, such as an agency, a
legislature, or a court’. From here, relatively fésgues will reach the decision agenda which
‘contains items that are about to be acted uponabgovernmental body’. The underlying
consideration of this model is that the carryingamity of the agendas towards the inner circle is
limited and competition therefore inevitable.

In the United States, policy decisions have alreaglgn made on the water-energy nexus, but the
topic appears to be fresh on the systemic agen@auth Africa. No policy-related decisions have
been made, nor do the media or academic literamgieate any developments on the institutional
agenda. The situation in the other Southern Afrimamtries appears to be similar. No linkages have
been found so far, and further research is required
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Figure 6.1: Levels of the agenda
Fischer (2007)

Early in 2011, the first publicly announced localeet linking water and energy was held in
Johannesburg. A mining company, the state contfalectricity company Eskom and a private
bank organised a two-day event called the Southcdir Water-Energy Forum. Despite the
announcement ‘to examine the water/energy/foodriggmexus with a view to developing tangible
goal-oriented outcomes in the form of PPP’s oratmirative solutions’ the presentations focussed
on the water needs in terms of water quality anahtjty of the energy producing industry (South
African Water and Energy Forum, 2011). The conoectietween water and energy has been made,
to the extent to which it is of concern to the m@industry, Eskom and the banking sector. The
water-energy nexus affects, however, by far mopeets of the economy and society in South
Africa. The policy process in South Africa is still an early stage. Research of the policy process
has therefore a high potential to influence théggalutcome. Figure 6.2 suggests research questions
to be asked in the policy arena.
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Where on the levels of the
agendas is the water-energy
nexus, who brought it there and
what are the intentions behind
pushing it there? Whose
interests are and whose aren’t
represented by the issue as it is
recognized on the agenda?

Who is going to be involved in the
policy formulation? Who is informing
this process and how? What are the
policy networks involved? What is an
appropriate way of dealing with the
issue? What should be the goals and
priorities? What can be learnt from
other countries?

Agenda- Setting Policy
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(Problem
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How successful and effective are Implementation
policies tackling the issue in other

countries? What shall the role of
evaluation be when measures are
first introduced? What is the
potential for an extension of the
program after successful
implementation& evaluation? Are
there policies which need to be
terminated in order to allow for
effective recognition of the water-

How should policy and
subsequent  programs  be
implemented? How could the
institutional setting around the
policy look like? Who could be
the implementing agency? How
could it be financed?

energy nexus?

Figure 6.2: Questions to be asked in the policy cir  cle

b. International policies and regulations

In the international arena, two examples are ondétg. Under the UNFCCC, two water and energy
related methodologies have recently been appramethé development of projects under the CDM.
Both allow for the development of GHG emissionsirsg\projects: demand-side energy efficiency
activities for the installation of low-flow hot wet saving devices and water pumping efficiency
improvements are innovative in such they link waaving devices and GHG emissions. With the
methodology for demand-side energy efficiency dotis for the installation of low-flow hot water
saving devices also being approved with the Go&th&ird organisation, the procedures to obtain
carbon emission credits (CERs, GS CERs, or GSVBRshow in place.

In 2010, the Conference of the Parties in Cancuexitd decided to establish a Technology
Executive Committee. The committee represents itse domponent of the Technology Transfer
Mechanism, under which also a Climate Technologyt@eand Network is going to be created. The
Climate Technology Centre is supposed to faciliteetwork of national, regional, sectoral and
international technology networks, organisationd anitiative. It is suggested that the Technology
Centre for Southern Africa should be located intdti@. Under the UNFCCC, all Non-Annex-|
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states are encouraged to undertake assessmentsntfyespecific climate change technology needs.
The South African technology needs assessmenttrdpes not mention topics related to the water-
energy nexus, but more generally speaks about wéfteiency and renewable energy for electricity
generation (Department of Science and Technolo@y7p

c. National and district policies

In South Africa, policies and laws do not yet mentithe water-energy nexus. Compared to
international developments, for example in the USlere laws and policy documents recognize
and address the linkages between water and enedigies in South Africa seldom cross
departmental boundaries when raising issues. Wihdemajor energy related policy documents do
mention water, this is mainly done when addressiigr water heating or the lower water demand
of renewable energy technologies. The country’sddat Water Act from 1998 merely mentions
power generation in connection with waste water agament (Republic of South Africa, 1998).
The National Water Resource Strategy suggests iagptijfferent water charges for municipalities,
mining/energy/industry, agriculture and stream flmduction activities. The strategy (Figure 6.3)
presents the alignment of policies including engrglcies and the Department of Water Affairs and
Forestry taking national responsibility to integrétte different sectors (DWAF, 2004).

DWAF OTHER NATIONAL DEPARTMENTS, SECTORAL
LOCAL & PROVINCIAL GOVERNMENT
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CMS - catchment management strategy; WUA - water user association;
WSP - water services provider; BP - business plan.

Figure 6.3: Water-related planning in the national planning framework
Department of Water Affairs and Forestry (2004)

The Department of Rural Development which is taskéd the initiation, facilitation, coordination,
catalysation and implementation of an integratedl rdevelopment programme is addressing water
as well as electricity in its framework documemhplemented pilot projects from the department
include the distribution of tanks for rainwater Vesting only (Ministry of Rural Development and
Land Reform, 2009). None of the publicly availabteeuments identifies, for example, photovoltaic
water pumps or mini-grid for energy provision apoftunities.

The level of inclusion of innovative approacheséovice delivery has proven to be higher in cities
and metropolis governments and documents. On lasal district levels, the Integrated
Development Plans (IDP) and, within these, the i8p&tevelopment Frameworks/Plans are the
guiding documents on district and local level. Whihese documents require the integration of all
IDP priorities (water, roads and storm water, sdiuh, electricity, housing, health, sport and
recreation and solid waste disposal), the connediietween water and energy has been made by
local governments in Johannesburg and Cape Towmdbipy the rural municipality of Elundini for
example.
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The off-grid electrification programme of the Defpaent of Energy (DoE) can be looked upon as an
example of the challenge government is facingnkitig water and energy. The provision of basic
services, including the supply of water and enepgys a crucial role in government’s efforts to
alleviate poverty. Within the DoE, the off-grid uig working on electrification of houses in remote
rural areas. This unit implements only one progragmvhereby small PV-systems are subsidized in
a number of allocated areas and installed and aingd by appointed concession companies.
Despite this commitment by government to provideadternative to the grid-based electricity
service for households which are unlikely to bermanted in the short to mid-term future, the off-
grid unit lacks capacity and knowledge to extendhittivities beyond this one programme.

Within the DoE, the energy efficiency unit and tifégrid unit are expected to work collaboratively

on solutions for households which are remote aridcoanected to water or the electricity grid

(Sebastian Khoza, 2010). For example, equippingsémwvith solar water heaters which can be
filled manually and solar home systems would previdsidents with an immediate sustainable
source of energy. In addition, RETs such as salangs and wind technologies, suitable for rural
application, could complement such an approach.s@hepportunities need to be piloted and
integrated into policy and programmes. The barriénslering even mature and simple technical
solutions from entering government’'s approaches naaaifold. The analysis of barriers to the
success of projects in Southern Africa presentesation 5 of this report offers the groundwork for
further research. The lack of funding, leadershig aoordination in government, lack of reliable
data on water services and participation of locaimmunities in project planning and

implementation and negative perceptions and acceptaf renewable energy technology by
networks within government are identified as chajlag to the success and up-scaling of pilot
projects tackling the water-energy nexus.

Building on these findings, possible pull factodding policy development back, and also potential
push factors towards more sustainable and intedytéicy making, should be studied. How does
policy making need to be changed in order to elat@rthe pull factors and elevate the push factors?
In the following, the recognition and integratiohwater and energy and the linkages thereof are
explored in a few policy examples on different levef governance. Examined are documents of a
provincial spatial development plan, a local/mypétispatial development framework, and a water
service management plan which was developed asowdltie municipal level. In addition, national
level policies on water and energy are checkedegamd to their integration of the water-energy
nexus.

i. Case study: Provincial Spatial Development Plan, Eastern Cape

The Spatial Development Plan is a key document rowiqcial and local level in South Africa.
Provincial spatial Development Frameworks (PSDFs)far less detailed than the local municipal
plans. The case study PSDF provides an overvietheofmain characteristics and challenges the
different areas and towns within the district aaeifig. While remaining fairly general, missing
coordination, poor integration and sectoral sepamaare identified as problems. By aiming for
‘shared impact’ between all stakeholders througbkntified focus areas and multi-sectoral
programmes, these problems shall be addressed.

Activities relevant to the water-energy nexus angnfl either in the water or in the energy chapter.
The province is motivating future projects to ergag mapping exercises of environmental
sensitive areas and resource areas including aotbegs also renewable energy potential.
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Figure 6.5: Relationship between provincial growth and development
plan in relation to other plans
Eastern Cape Government (2010)

d. Local/municipal policies

The Local Municipal Spatial Development FramewotdMEDF) as part of the Integrated
Development Plan (IDP) is, according to the MuratiBystems, Act the principal planning tool of
local government. As outlined in Figure 6.6, thé’Iibforms all planning and development, and all
decisions with regard to planning, management aveldpment in a municipality.

The key aspect of the Act is the requirement thagrye IDP include a spatial development
framework, which must include provision of basiédglines for a land use management system for
the municipality. It is clear that the Spatial Deyament Framework fulfils the role of being a
forward plan describing the intended nature ofiapaevelopment in a Municipal area. (Elundini
Municipality, 2007).
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Figure 2-1:lllustration of Legal & Policy Context of the SDF

Figure 6.6: lllustration of legal and policy contex  t of the SDF
Elundini Municipality (2007)

The case study document reviewed for this chapésttioned the policy documents listed in Figure
6.7 as the main pieces of legislation considergtendrafting of the Spatial Development Plan. This
list does not include any energy policies, but ges on water, forest, heritage, environmental
management, conservation and agricultural resources

LEGISLATION

The Conservation of Agricultural Resources Act (No. 43 of 1883)

The Environment Conservation Act (No. 73 of 1989)

The National Environment Management Act (NEMA — No. 107 of 1998)

The National Heritage Resources Act (No. 25 of 19909)

The National Forests Act (No. 84 of 1998)

The National Water Act (No. 36 of 1898)

Figure 6.7: Main pieces of legislation that need to be considered in the drafting of a Spatial
Development Framework
Elundini Municipality (2007)

i. Case study: Water-energy nexus in the LMSDF oft  he Elundini
Municipality

Water

The Elundini Municipality is located in the northtbe province of the Eastern Cape in South Africa
and shall provide the case study for this analyBiee municipality’s mission is to strive for ‘a
viable, effective and efficient management insitotin order to alleviate poverty and ensure
sustainable service delivery to the community’. Bbendini Municipality presents its LMSDF in a
74-page document. The document includes demogphit socio-economic characteristics of the
Elundini population, the economic profile of the mieipality, indicators of well being (including
access to service and social infrastructure), physittributes of the area and institutional chgles

in terms of land use management and staffing cgpaci

The Elundini Municipality perceives its rivers, aseof sensitive vegetation types, grasslands, rock
paintings sites, heritage sites, nature reserfategu, endangered fauna and flora and wetland area
as its most important natural and cultural endowimiemhe area benefits from relief water and
rainfall.
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Some of the higher mountain peaks have between 808mM200mm rain per annum. The
rest of the area receives 600-800mm per annum.diluforms the catchment for the

Umzimvubu River, which bisects the region and sigsplarge volumes of water down to the
Indian Ocean. Much of Elundini has slopes steefpan t1:8 as it forms part of the southern
Drakensberg range. (Elundini Municipality, 2007).

Elundini’'s LMSDF estimates the total yield of therface water resources in Elundini based on the
percentage of exploitable mean annual rainfall 222 million n? per annum. Only 21% of

households in the Elundini Municipality have accespiped purified water within 200m of their
dwelling.

The main source of water for the majority of thenmipal population is raw water from
natural sources such as rivers, springs, streaamss @&tc. The abstraction points are in most
cases not properly protected and are shared wihttick, leading to contamination and poor
water quality. The health risks of this are a concéElundini Municipality, 2007).

The water supply in the three towns in the Elundieia depends mainly on dams and boreholes with
a river water supply project for bulk water supphyder implementation. The largest town, Maclear,
is supplied by water from the Maclear Dam on thddéhiees River. The yield from this dam is,
however, insufficient and a new, smaller dam is\gaionstructed. The lack of bulk water supply in
Maclear is a critical factor that limits the deyahoent of the town. The town of Ugie is supplied by
water from the Ugie Dam on the Mooi River. Watepgly in the town is inadequate - a new dam
and two reservoirs have been proposed to incregisgslvater supply. The current water treatment
plant is being upgraded and expanded. The villaj¢Mount Fletcher is supplied from four
boreholes, which are seen as inadequate. A profétt48m to provide bulk water supply to Mount
Fletcher and surrounding villages is currently ggmplemented, where water will be accessed from
the Tena River (Elundini Municipality, 2007).

The key planning informants include sustainabilityganing

that the provision of services and infrastructuneudd not be undertaken at a level that is
likely to undermine the longer-term financial anavieonmental sustainability in the area.
Natural resource management is acknowledging thatet has been extensive land
degradation through inappropriate management athislg, and this has lead to a depletion
of natural resources and agricultural land. Theunahtresources, scenic assets and prime
agricultural land that exist in the Elundini LM areeed to be carefully managed in order to
ensure their appropriate development and sustanetd. The tourism and agriculture sectors
have been highlighted as sectors for potential grolhese sectors are dependent on Natural
Resources and therefore it is essential that tressmirces are properly managed in order for
these sectors to function. (Elundini Municipal2p07).

Energy

Energy is addressed only in the form of electrickyhere the LMSDF reports that Eskom
distributing electricity to all the rural areas aswme sectors of the towns. The municipality sgspli
the other sectors. Only 12% of households in thendihi Municipality have access to electricity,
with candles being the most common fuel for light{62%). The towns enjoy a relatively high level

of access to electricity while the rural settlemargas have very limited, if any, access (Elundini
Municipality, 2007).

Elundini's LMSDF mentions renewable energy oppadities in two chapters, of which one brings
water and energy issues together. Firstly, the mhect defines guidelines for land development in
limited development areas. Such areas include laviish are generally considered to be of
moderate ecological sensitivity and which do ndit iathin no-development areas or the defined
urban edges. Although limited development areas Imeaglegraded or transformed agricultural lands
in which little natural vegetation remains, futafevelopment within these areas should demonstrate
strong linkages with socio-economic upliftment akdls development and net environmental gains.
Electricity generation through solar shall therefbe considered and also further alternative energy
opportunities (Elundini Municipality, 2007).

Secondly, the chapter on alignment of the SDF witter planning initiatives includes plans on the
district level. The Eastern Cape Development Cafimn is said to be driving the Umzimvubu
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Catchment Scheme, an ‘anchor’ project of the itivgawhich is still in the concept stage. A network
of dams aimed for water storage and hydropowenvgsaged to produce 600-million cubic metres
of water to the Orange, Fish and Sundays Riversyadsas Nelson Mandela Bay, and ‘at least’
2000MW of hydroelectric power to the national grifecondary initiatives within this project
include irrigation schemes covering estimates ¢ @00 ha which will address approximately 50
000 ha of degraded agricultural land, forestry agdculture projects (244 000ha will be earmarked
for forestry, 346 000ha for arable agriculture) dodrism initiatives around the dams. Although
there will be economic stimulation in the projectathrough job creation, the direct impacts are of
the project on the Elundini Local Municipality aitd residents is unclear, as the project was in a
very early stage at the time of publishing the §Bkndini Municipality, 2007).

Water-energy nexus

The reviewed LMSDF combines water and energy issudg in the plan for the building of a
hydroelectric power plant mentioned above. In coseton with representatives of the Elundini
Municipality this plan, however, could not be confed. Neither the water, nor the electricity
department’s superintendant knew about a plannddopgwer plant. In line with the information
given in the LMSDF, the municipal area is sufferimgiter stress. Currently water has to be
distributed by trucks. The 44 boreholes in the roipiail area are operated by diesel engines.

In this study, it became obvious that the situatiescribed in the SDF does not necessarily reflect
reality to its full extend. While the process laaglito the development of the spatial development
plan remains unclear to the authors at this sthgelevel of inclusion of the water-energy nexus in

the plan reflects the level of awareness and kragdeof the water-energy nexus in the context of
climate change within the municipality. Invited doworkshop on the linkages between water and
energy, the municipal manager sent the electrizit§¢ water managers. During the course of the
workshop, it became obvious that the issues sudiognthe nexus are not understood very well

within the municipality. The presentations on timkdges between water and energy in the context
of climate change functioned as ‘eye openers’ fanymparticipants.

e. Conclusion and outstanding research areas

The water-energy nexus is an outstanding issu¢hiiSouth African government to address. The
implications of the nexus in particular in the atof climate change appear to be present on the
systemic agenda-setting level. This requires cenaltle awareness raising and more detailed
research in order to elevate the issue closertergment’s attention.

The level of awareness of the nexus in local, rgmlernment is concerning. The integration of
technologies like solar water pumps or solar watsaters has the potential to benefit municipal
service delivery. GHG mitigation opportunities, pay alleviation contribution and expenditure
savings are possible benefits government is missingn.

Problem-oriented, multi-disciplinary policy analyss suggested in order to zoom in on the water-
energy nexus and draw expertise from the watemggnand development sectors. The potential
benefits of alternative technologies like solar poed water pumps and solar water heaters need to
be known in government and its implementation ntegasned in service delivery.

The suggested set of research questions aimsntalate the academic and political debate in the
country around these issues. Research is suggsestedestigate whether there is any specific
planning/policy for the water-energy nexus and whath could look like in the South African and

regional context. The level of awareness of theewahergy nexus in the context of climate change
needs to be explored further at all governmentléevBechnology options in terms of renewable
energy technologies and their adaptation to clintdtenge potential in particular in the water -

energy context remain largely unexplored in patdicin the context of rural development.

Subsequent, the barriers for governments to addréss/ multi-departmental challenges with
appropriate collaborative solutions have to be istlidand eventually overcome. Finally, a
comprehensive understanding needs to be develogedppropriate cross-sectoral policy
formulation, budgeting, implementation and evahuatin the field of energy and water taking the
national circumstances into consideration.
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7. Adapting to climate change: risks, opportunities
and context in Lesotho

a. Background

This chapter opens with an overview of Lesothofgllcape and environmental history over the last
100 years. This history will also include a diséossof the important institutional drivers of land
use and development in Lesotho over the periodilltestablish a context for considering policy
and practice for climate change adaptation at ptesehe chapter will conclude by outlining
potential strategies and areas that need furtiseareh. These are pragmatic and optimistic, and wil
concentrate on favourable outcomes that will aghigignificant impact effectively in conjunction
with broad-based consent and buy-in by citizerisesbtho.

Vast stretches of Southern Africa are arid to sand; and this includes Lesotho. While drought and
poor growing conditions generally prevail, floods dccur and it will be argued that much better
water utilisation and storage strategies can bsygar. While radiation is constant, the availabitity
water in a landscape enables radiation to perforkwhrough photosynthesis. As well, oasis
effects recycle water and energy benignly, rediisting energy and water between night and day,
and winter and summer. Water and energy qualithiwit landscape are not zero sum games.
Adapting to climate change is not only possible d&rubpportunity for long-term transformation and
enrichment of arid lands. Radiation, water, carbod life acting in harmony can create wealth. At
this point in the discussion, it is necessary toen® Lesotho’s particular geo-political situationda
trajectories.

Just over 100 years ago as a result of the BoesWae Basotho came to occupy an enclave of
relatively undesirable land marked by its presemidérs. Earlier, the Basotho, who were cattle
herding pastoralists, ranged over an extensivear&auth Africa, shifting camps between summer
and winter, along with the vicissitudes of grasd &rel wood availability. A strip of arable but @ri
land flanks the western border, while steep andedgnountainous terrain characterizes most of the
country. Lesotho's first leader, Moshoeshoe I, teyiChristian missionaries to Lesotho and by the
1950s mission stations penetrated even the mositeeragions. Missions invariably operated small-
scale farming operations that included grain crgpsdens and orchards. From these, settled farming
practices spread to the wider community. Once tloelermn borders of Lesotho were drawn,
settlements became permanent, and herding anahgeafrianimals began to put landscapes on the
perimeter of settlements under accelerated stfessatterns for shifting between summer and
winter grazing areas began to break down, even sioess was placed on farm and range land near
to settlements. Through the 1920s and 1930s, virgieslands were ploughed in the lowlands along
the western border, and corn and wheat export&btoh Africa where growing urban populations,
mining and manufacturing, created a ready marketéoeal grains. The natural fertility of a thin
layer of top soil was soon exploited and depletexdyever, and yields began to decline along with
soil quality. The last time that Lesotho was selffisient in grains was 1970, and since that time
declining yields and growing population result infamd import proportion of 90% at present.
Episodic drought and short brief monsoons begancise the landscape with the characteristic deep
cutting ravines and gullies locally known as dond&hile measures were taken to mark out fields
along terraces and contour lines, this was not megtdy progressive farming practices related to
protection of soil quality or water use efficien@he basic practice of ploughing has not changed,
nor have simple crop rotations. The amount of adftical land under irrigation in Lesotho at present
is insignificant.

b. Agriculture and water developments in Lesotho
At this point, it is necessary to understand Lesatipresent position in relation to soil and water,
through two significant bodies in Lesotho over I 40 years, the Ministry of Agriculture (MOA)
and the Lesotho Highlands Development Authority Q4.

Like many African nations, following independenceli966, Lesotho saw the state as the primary
vehicle for driving and managing development agendfghile Basotho held traditional tenure of
land, Lesotho began to assemble a formidable osgtonal bureaucracy to control and deploy the
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capital assets required for modern farming opematicA huge network of offices, stations, and
personnel was established to operate tractorsgpldields, plant them and harvest them. At the
same time, several huge irrigation schemes werelojged around the country, which on paper
demonstrated to technocrats food self-sufficiend@ese irrigation schemes failed and lie
abandoned. They were financed and managed notgniell-meaning and dedicated Basotho, but
a host of international agencies and governmeiday, driving along the main corridor of highway
through Quthing, Mafeteng, Maseru, TY, Leribe andtta-Buthe, fields on either side of the
highway are largely abandoned, with pastoralistarigatheir day again. While strips are planted
here and there by individual farmers, no semblarfiefficient or profitable agricultural operatios i
apparent. There have been remarkable and heradievadhents by individual innovators in soil and
water conservation, and crop production, but oVénal contribution of agriculture to the national
economy is small. For a variety of reasons, thestadlation of forces assembled to guide
agricultural production in Lesotho were subjecsystemic failure. Lesotho as a nation faces serious
choices and decisions about what to do with fragsnefithe MOA that continue to operate and
exist, along with issues related to incentives amadkets for land use. Delay will continue to be
costly, while piecemeal reforms are probably ivelg. The colossal nature of this failure has still
not been publicly acknowledged in Lesotho.

Both soil and water are important. Indeed, in aridfironments water is the critical variable reqdire
to buffer and mobilise radiation intensity for gos ends. In stark contrast to endeavours in
agriculture in Lesotho, stands the LHDA. Over aiguerof approximately 20 years, world class
infrastructure was installed by the LHDA to construoads and aqueducts, and barrier dams at
Katse and Mohale. The LHDA mobilized formidableheical and financial resources to achieve its
objectives and meet plan. Over two decades a higtnlictured organisation produced astonishing
results. The LHDA is an unqualified success stéayother dam is currently under construction at
Metelong for supply of water, and it is an effodtierned along the same lines used by the LHDA.
Recently Lesotho and South Africa signed an agraeetoepursue Phase Il of the LHDA, which will
be a project worth 15 billion USD and slated toieed an additional 4000MW of hydroelectric
output, along with 6000MW of wind energy from theteng plateau (the best wind resource region
in Southern Africa). More barrier dams will be ctvasted on the upper reaches of the Senqu River
for hydro-electric production and to supply watethie Vaal Triangle in South Africa.

Therefore, in view of adapting to climate changd.@sotho, one faces a contrasting situation of
failure with regard to broad-scale agriculturaldamse, against one of extraordinary success with
respect to large-scale water supply. Of course btreefits of the LHDA have been uneven, and

many small villages and settlements in Lesotho teen bypassed; this is a more complex issue. At
the same time as agriculture has floundered, atheors of the economy have continued to flourish,
with growth apparent in new houses, highways, puldiministration, health services and education.
Phases | and Il of the LHDA give Lesotho immensdewatorage and hydroelectric generating

capacity.

Aspiring Basotho want what others elsewhere onpla@et have: automobiles, travel, spacious
houses, well-appointed interiors, packaged foodsandn. With economics and technology as usual,
this translates into C&@missions of 10—20 tons per capita per annum. Tat ektent can individual
practices change, and how can society respond riergleconditions that may impart additional
stress and risk to humans? A sense of shared r&bpity1 and resolve to act differently cannot be
imposed by outsiders or social engineering. Edanadind better practices need to be introduced
through innovation and change agents. Againstithtkdrop, what climate change and adaptation
programs should be considered, and how can tha@snplemented in order to achieve impact and
sustainability?

c. Opportunities of adaptation

Phase Il of the LHDA will certainly proceed as piad, without fundamental changes to the basic
parameters of its operations, and this issue iscantentious. Dispersed settlements and villages,
however, have lagged behind the rate of progressriyan regions and have high levels of
unemployment and relative poverty. It is here thia¢ss related to drought or episodic monsoon
rains that produce flooding and further soil ernswll be severest. The greatest opportunity for
proactively facing the challenge of climate chairgkesotho relates to general humidification of the
arid and drought prone belts of Lesotho. Arid lasa#fer from poor landscape energy quality,
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which means that daytime radiation acts very mugch pollutant, producing excessive heat. During
the night, an absence of atmospheric water vapeanmthat long wave radiation leaves so rapidly
that frost occurs before dawn. Hot—cold temperaswiags are typical of desert climates. It is worth
reviewing the basic numbers involved. Under clé@ess solar radiation intensity is approximately
3.6 MJ/nf/hour. The amount of energy required to change litree of water from a liquid to a
vapour is 2.4 MJ (the latent heat of vaporisatidijese two basic values are close partners. Life
cannot exist without water. Water enables photd®sis to occur, and allows energy to perform
useful work, and is the superstructure for all fegebs. The condensation of one litre of water spill
2.4MJ of heat energy into the air at night, as diretemperature falls through the dew point.
Powerful oasis effects result when water is avéglaban arid environment: cooler days and warmer
nights; cooler summers and warmer winters; highatew use efficiency; higher net primary
productivity. Areas sheltered from wind and turlmde enable water to cycle frequently over many
transpiration and condensation phases. Each melefwiater vapour in night air acts as a mirror,
reflecting precious long wave radiation back tatgawvhere its presence is all that stands between a
tomato plant and a killing frost. Forest standg tiear immense quantities of water as part of their
vascular structures also enhance landscape eneadjfygLife persists and thrives by slowing down
all forms of energy and delaying entropy. As stagedlier, Lesotho’s arid lands need to begin
accumulating more water from the earth’s oceans |etting it work through life to eat the air, kil
soils, stabilize micro-climates and feed peoplewtéan this process be nurtured?

The most significant impact will result from thdlfaving:

i. intensive landscaping for storm water retention;

ii. technology for water supply and sanitation;

iii. general adoption of renewable energy technology;
iv. environmental education.

i. The need for intensive landscaping and villager  oads
First, intensive landscaping is needed in and ataettlements, and this means investment in an
array of individual and collective assets. Contounds need to be rebuilt and maintained, or newly
surveyed and built (swales), along with terracesds, groundwater dams in streams, wells, and
also good roads. Designed roads have not beenibuitbst rural villages and settlements. While
main transportation arteries exist, they normajlpdss a village. Surfaced roads do not reach every
household. It is difficult to imagine a modern egoty which is not served by wheeled transport.
Human settlements without road networks are charaed by gullies, wheel tracks, paths and
barren ground that exacerbate and accelerate randfstream velocity and horsepower. Roads are
needed that serve two purposes: the first is tdlenafficient wheeled and even pedestrian
transportation to every household, and secondljivtert, channel and control stormwater flow. A
road can be badly built in relation to water, arah achieve the opposite effect and at the sanee ti
serve a vital human cultural and economic purp¥dtages need good roads that channel, divert
and harness storm water flows. Pilot programmesbeansed to demonstrate, test and generate new
knowledge in this regard.

ii. Household water supply
Lesotho needs a second round of investment in holgevater supply that delivers water to every
household. The Metelong dam is one component odstriucture needed to do this in the lowlands.
Competent watershed management and reticulatiomatér is required throughout the country.
Rural water supply programmes installed communps te villages to supply relatively small
amounts of potable water to every household. Ttiiastructure has decayed and failed to keep pace
with economic requirements or social aspirationssignificant water supply is required in a
household for irrigation, washing, cleaning andoafer small-scale enterprises. Reticulated
sanitation systems are cost-effective, reliable simple, and enable wastes to be rapidly recycled.
Small woodlots, orchards and forage plantations @asorb nutrient-rich black and grey water
indefinitely. Furthermore, there are modern syst@angxtracting high quality biogas from stages of
a water purification system.
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iii. Harnessing renewable energy technologies
Renewable energy must be harnessed to raise kt@mglards and enhance economic opportunities.
Fossil fuels are increasing in price and Lesothesdwt have any natural deposits of coal, oil ar ga
Renewable energy technology has improved signifigém recent years, and indicates an attractive
convergence of falling real prices and improvediqrerance. While Lesotho’s net contribution to
global carbon emissions is small, it has nothintps® by piggy-backing on recent innovations and
avoiding spending of foreign exchange on incredgipdcey fossil fuels.

iv. Public policy and private practice
Adapting to climate change cannot proceed withastions, discussions, and debate within circles
of learning and education. Which numbers mattew hoe they generated and what will be their
iterative consequences? In this chapter we havetioned some basic numbers related to
atmospheric ecology. Public policy and private fices must be underpinned by sound reasoning. It
has been said that morality is based on the rdtim@dination of means and ends. Whose voice
will be heard, and how can we ensure that we aigeduwy timely persuasion rather than reactions
of panic, helplessness or blame? Social media apdriential marketing can generate and spread
enthusiasm for best practices. How can this beleaged?

1.4 Conclusions and outstanding research areas

Conclusions

Taken together, the four broad courses of actidlined above will increase resilience to weather-
related stress while generating wealth and impgpyinman welfare. Will this all happen naturally
at its own pace, or chaotically as much technokldgaad cultural diffusion does, or is there a tole
play for targeted interventions, specific policiesgulatory mechanisms, institutional reform? The
issue of land use and land rights is a difficuitepand has no easy fixes given Lesotho’s tradition
practices and culture. We pointed out that the Miias been a miserable failure, with no clear
direction on land use or agricultural policy avhitaat the present or even open admission that ther
is a fundamental problem. On the other hand, th®AHed a successful programme, with solid
achievement and public confidence in Lesotho, saagldneated the foundation for Lesotho to spread
prosperity and good living standards to most oftitgzens. There is no doubt that Phase Il of the
LHDA will propel Lesotho to developed nation statbdew then should Lesotho create a framework
and policies, for adapting to climate change? ésetla role for formidable, focused and consolidated
organisations, or should this be a task for netwafksmall organisations, agencies and institutions
sometimes collaborating and sometimes working eir ttwn?

Decentralisation, markets, public administratiord anstitutional reform are all needed to make
things happen. Local governments in Lesotho aregetling on their feet and have considerable
capacity. We spoke about landscaping and villagglsoHow much can be achieved if some
international finance is leveraged alongside tayepa money? As well, innovative business models
and methods can as easily be used to construct ematb make pizzas or hamburgers, or to supply
water. One of the dividends of globalisation isidagiffusion of intellectual capital and best
practices. Broad band information technology isop&iog commonplace in Lesotho.

In terms of climate change and mitigation, whatelesotho can do to conserve, store and retain
water on its landscapes, replenish carbon in its,sand encourage its biomes to work harder year
after year, it will serve itself well along withdhrest of humanity.

Outstanding research areas
The most significant impact will result from thdlfaving areas and addressing the related research
guestions.

1. Intensive landscaping for stormwater retention
What practices have the most impact and what dpdbst?

What are the gaps in adoption, financial, techpmamotivational?

What remote and local sensing technology is availéd monitor change and how can it be
deployed?
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What potential business models exist that cansatitharkets to collect water, construct roads,
and landscape on a sustainable for-profit basis?

What role can focused and managed public worksrprog play in contributing infrastructure
for climate change and adaptation?

2. Technology for water supply and sanitation
What low cost water treatment technology is avéélab ensure safe supply of potable water in
households.

What water storage and reticulation options existdpid roll out and deployment?

What watershed enhancement strategies exist, thidioth buffer threats from climate change
and at the same time provide water for irrigatind household use?

3. General adoption of renewable energy technologies

What basic mechanisms exist for Lesotho to forge dtvn low-carbon footprint
development agenda?

What technologies are available now, not only tduoe global carbon emissions, but to
reduce urban island pollution?

What frontier technologies should be tested andured? For example, solar-powered
central pivot irrigation wheels and EVs.

What potential exists for Lesotho to become a ntddagler, rather than a market follower?

4. Environmental education

How can response to the risk of climate changea&tidn for adaptation be generated? Dull
speeches, documents, billboards or Pop Stars andexs? All options should be
considered.

What mix of modern experiential marketing and piaddnstitutional analysis is best suited
to tackling climate change and responsiveness?

Where can basic knowledge on climate change amutatitan be assembled in Lesotho, and
utilised to inform public/private policy/practice@drive change.
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8. Conclusions

Southern Africa is a water-scarce region. Like ptieveloping countries Southern African nations
aspire to the living standards of industrialisedrides. To achieve these standards more water and
energy resources are needed to support economithgrimdustrial expansion and food security for

a growing population. Most rural people in Southafrica struggle to acquire basic necessities and
the four countries described in this report aredfooporters. Lesotho, for example, expects to have
to import food for 90% of its population in 201 hdeeven South Africa has been a net food importer
since 2008. Water management and food securityrajer challenges because a relatively high
percentage of the available water is used for fomdiuction. In South Africa 61% of the available
water is allocated to irrigation as compared to 4ii%he USA. Growing water, energy and food
security needs have to be carefully balanced amthed considering climate change.

This study looked at the water-energy nexus irctirgext of climate change in Namibia, Botswana,
South Africa, Lesotho and Mozambique. National piag was investigated in South Africa and the
absence of integrated water and energy planningnetiseable at all governance levels and is of
concern. No integrated water and energy plans feerad in the other countries. It is suggested that
a modelling framework of the water-energy nexugsdtablished, using the following approach.

a. Modelling framework for planning water-energy

interactions and climate change

To develop a basis for integrated water and engu@nning taking climate change into
consideration, modelling tools and scenarios shieldleveloped. The following five actions are
proposed:

» Development of a prototype systems-modelling frapréwfor energy/water planning in the
context of climate change. Policy options to ine€luthtional impacts and constraints on local
actions (e.g. implementation of community-levelewable energy technologies as a policy).

» Use of the framework in stakeholder and expert slooks to integrate current knowledge and
understanding of inter-dependencies.

« Experiment with model to identify key areas of stwvity or pressure, e.g. potential magnitude
of water/energy cross-effects; potential magnitudeclimate change effects; where local
interventions may have greatest impacts in the dmoasystem; where the greatest data
sensitivities are.

» Design of a refined and more extensive model irligie of these experiments. Support of local
intervention studies by more detailed models of maomity-level actions (subject to global
constraints)

b. Addressing barriers and opportunities in rural w ater
provision
Rural water supply systems and their energy tecuymes used for water pumping and distribution
were investigated in Namibia, Botswana and Mozaoignd barriers and opportunities for rural
water provision were analysed. Lack of funding waeesntified as a problem; the limited government
funding was put into large centrally-managed pitsjeExternal funding was essential for most of
the projects, but problems have arisen with sushdlity after completion of the project.

Funding, education, training and information weteritified as major barriers throughout the study
and at all levels. Government officials and comrtymiembers need to be equipped to plan projects
and take leading roles, and community membersaoal leaders have to be involved and consulted
in the planning policies and programmes that aftheir area. This will enhance acceptance and
ownership. It will also contribute to the decerigation of skills and resources and make the
environment more attractive for private sector giegent and participation. None of the successful
projects studied has been upscaled to a regiorh@rentire country. The following action is
suggested:
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e Find out how to maintain and sustain projects othey have been completed and no more
donor funding is available.

« Develop effective ways to better inform all stakieleos about suitable and new renewable
energy technologies to break down unrealistic gaiwes and create acceptance.

» Better educate and train all stakeholders, paditylat the local level, to facilitate
decentralisation of resources, skills and finance.

* More work is required to motivate national govermtseand communities to invest resources to
upscale and adapt successful projects

* Policies and strategies must ensure that the nezstynpeople in remote areas are included and
get access to and benefit from water- and energgigischemes?

c. The water-energy nexus and climate change in
policy and planning
The water-energy nexus is not sufficiently recogdisn policies, regulations and laws in South
Africa. Mining companies, Eskom and banks are pushihe nexus on the political agenda; their
focus is on water quality and quantity needed famimg coal for the generation of electricity.
Research is needed to inform and assist governimemaking the right decisions around renewable
energies. Especially poorer municipalities whichklaapacity and skills as well as small-scale
farmers need to be enabled to adapt to changinthereeonditions (droughts, floods, water quality)
including impacts on service delivery. The follogrioutstanding questions have to be addressed:

» Is there specific planning/policy for the water-genexus? What could it look like?

» Is there awareness of the water-energy nexus argment levels and is the climate change
impact on this nexus appreciated?

e To what extent are policymakers aware of renewabt&gy technologies and the potential role
they can play in adaptation to climate change itiqudar in the water—energy context?

* What are the barriers for governments to addretss-inmulti-departmental challenges with
appropriate/collaborative solutions? How couldtiberiers be overcome?

* What does appropriate cross-sectoral policy fortraiabudgeting, implementation and
evaluation in the energy and water sectors loak lizking national circumstances and climate
change into consideration.

1.4 Adaptation to climate change — case study Lesot  ho

In recent years, agricultural yields in Lesothoédhdeclined and many fields are left fallow, because
inputs are higher than the harvest. Changing aridbta rainfall patterns are the reason why farmers
are reluctant sow crops. It is estimated that 99%eeotho’s food requirements have to be imported
in 2011. The following questions have to be adaréss

* What nodes of leadership exist at the present twhether public, private or institutional, that
represent vision and best practice in regard toatk change and adaptation?

* Who are the innovators in Lesotho doing the wogk treeds to be done?

* What institutional mechanisms exist to improve icait policy analysis and environmental
education for climate change adaptation?

 What means exist to sequester carbon, improve andsreduce evaporation of water through
better and modern farming methods?

» Why are simple and beneficial strategies (such veales) not replicated in neighbouring
communities and/or not scaled up?

 How can these adaptation strategies become pdheofational plans and action for Lesotho
under the UNFCCC?
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Appendix 1: Programme for WRC/ERC workshop on
Water-Energy nexus in the context of Climate Change

Venue: Energy Research Centre, UCT, Upper Campaszids Building, 6 Floor, Room 648
Tuesday 23 August 2011
Final Programme
10.00 Tea/Coffee
10.30 Introduction of participants
10.35 Introduction to workshop: Gisela Prasad
10.50 Discussion and Questions
11.00 Theme 1: Case studies

Renewable energy technologies for rural water sesviOpportunities and
barriers: Michael Boulle

11.15 The water-energy nexus in policies of SouftiicA: Holle Wlokas
11.30-11.45 Tea Break

11.45 Adaptation technologies and strategies irm&ipply — opportunities and
barriers. A case study from Lesotho: Sebataolo &ahl

12.00 Theme 2: Impact of Climate Change on WatesoRees of SA: Roland Schulze
Current status of reseach on water, energy antdi Chris Moseki

The need for integrated planning of water and gnergources in the
context of climate change: Theo Stewart

12.40 Theme 3: Water, energy supply and climataghahallenges in municipalities
Elundini rural municipality: Luyanda Rozani andephbelani Ngceba

City of Cape Town
13.00-13.45 Lunch

13.45 Discussion

14.15 To discuss clear and practical entry pomtgurther investment and research

15.30 End of workshop
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Appendix 2: Sources of financing included in the
project framework
From Deenapanray (2011)
GEF financing (US$) Cofinancing (US$)
Project component Approved Actual Promised Actual
1. Capacity building 21000 210 000 315 000 523 000
2. Policies, laws and regulations 181 000 181 000 538 750 538 750
3. Public acwareness and social acceptability 275900 275 900 222 500 430 500
4. Financial and product delivery model 1302 000 1302 000 5500 000 5500 000
5. Learning, evaluation and adaptive
management 302 100 302 100 433 750 643 750
6. Project management 329 000 329 000
Total 2 600 000 2 600 000 7 010 000 7 636 000
Project implementation
Sources of co-financing Type Expected Actual

Danish Government cash 1155 000 1155 000

Finish Government cash 3626 000 5 726 000

RE financing schemes with banks cash 2 000 000

MME In-kind 100 000 755 000

MME cash 755 000

Total 7 636 000 7 636 000
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Appendix 3: Stakeholders participating in NAMREP

from Deenapanray (2011: 40)

Government Ministries and Institutions

NGOs and Par astatals

Ministry of Mines and Energy
Ministry of Environment and Tourism

Ministry of Agriculture, Water and Rural Development

Ministry of Works, Transport and Communication

Ministry of Education
Regional Councils (13)

National Planning Commission
Namibian Development Corporation
Ministry of Finance
Ministry of Trade and Industry
Ministry of Women Affairs and Child Welfare
Solar Revolving Fund

Desert Research Foundation of Namibia
Gobabeb Training and Research Centre
Namibia Nature Foundation
Ibis
Namibia Wildlife Resorts
NamWater
Telecom Namibia
Habitat Research and Development Centre
Agribank
Electricity Control Board
NamPower
Regional Electricity Distributors

National Housing Enterprise

Capacity Building Institutions

Donor Agencies/Devel opment Partners

University of Namibia
Polytechnic of Namibia
Windhoek VTC

UNDP
DANIDA

Financial and Private Sector Institutions

End-users /Beneficiaries

Premier Electric
Bank Windhoek

First National Bank Namibia

SMEs (suppliers, installers, technicians of SETs)

Private housing developers

Namibian breweries

Engineering and consultancy bureaus (CSA, EmCon,

Craddle)

Off-grid communities
Regional Councils
Households
Building owners
Communal farmers

Commercial farmers
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Appendix 4: Analysis of outputs measured against
NAMREP indicators

Performance
Objectives, outcomes, outputs Final Indicator Verification Rating
GLOBAL GOAL
Improve accessibility to
sustainable energy services,
reduce CO; emissions, and No supplier or end-user
improve quality of life and Kerosene for lighting surveys distributed to
create income generating reduced in houses with assess reduction in use of
activities for rural communities PV fossil fuels Unsatisfactory
Diesel consumption on
farms reduced due to Secondary research used
uptake of PVPs to establish reductions
Houses with SWH reduce
grid electricity SHS reduced use of
consumption kerosene by ~50%
233 670 tCO, forecast to Annual diesel consumption
be reduced because of decreased by 21 320L
the project because of PVP uptake
SWH installation increased
by a factor of 3.5 between
2008 and 2010
Avoided emissions over 15
years ~243 900 tCO;
DEVELOPMENT OBJECTIVE
To promote the delivery of
commercially, institutionally and | Number of systems sold
technically sustainable solar in 2009 is 10x that of the End-user survey was not
energy services baseline year completed
REEEI preliminary survey
show following stats for
Impacts on end-users 2009 Unsatisfactory

Number of households

affected 3120 SHS
Number of social services

affected 385 PVP
Number of people with

increased income 195 SWH
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Objectives, outcomes,
outputs

Final Indicator

Verification

Performance Rating

OUTCOME 1

Build capacity in private
and public sectors and
NGOs

1000% increase in RET
businesses outside
Windhoek

End-user survey not
completed

satisfactory

End-user satisfaction with
installation and service
increased by 50%

RET businesses outside
Windhoek increased from
24 in 2008 to 30 in 2010

Reported system faults
decreased by 30%

Complaints and system
faults dropped to zero

1.1 Training
programmes have been
executed and
established

25 government and NGO
personnel trained, as well
as 35 solar technicians

155 persons trained, 55
out of which were
technicians

Technicians and
staff are willing to be
trained

1.2 Decentralised RET

50% of technicians that
participated in training
workshops set up or

No surveys carried out
but 20 technicians
participated in NTCRE
accreditation training
which made commercial

companies are improved small RE financing schemes Marginally
adequately supported businesses available to them unsatisfactory
1.3 Vocational and

training centres Changes in legislation

providing training on Two training centres prevented this target from

RETs established being attained Satisfactory

It is expected that the
WTVC will be able to offer
training

OUTCOME 2

New policies, laws and
regulations and actions
in support of RETS

Three new policy
measures have been
introduced

In 2007 this included the
introduction of the Solar
Water Heater Cabinet
Directive, Off-Grid
Energisation Master Plan,
National Regulatory
Framework on Energy

Highly satisfactory

In 2008: National
Technical Committee on
RE, and the RE Strategic
Action Plan

In 2009: OGEMP Fund,
and RE Division within
the MME

2.1 Policy and
regulatory frameworks
for RE and off-grid
electrification

Policy measures have
been introduced

SWH Cabinet Directive
and OGEMP

Highly satisfactory

Guidelines on standards
and codes of practice

The NTCRE has
identified standards which
will become the Namibian
standards for SETs

2.2 Government
ministries and public
institutions finance and
implement SETs and
projects

SET projects integrated
in future plans of two
ministries

SET plans integrated in
four government
ministries

Highly satisfactory

Inter-sectoral
coordination on RET

REEEI could play
coordinating role for
RETSs between sectors

2.3 REEEI has been

The REEEI has taken

REEEI is setting up

Highly satisfactory
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established

over some non-core
functions from the MME

energy shops and
conducting energy
research, and has started
to become involved in the
core functions of the
MME such as engaging in
policy dialogue

OUTCOME 3
Increased public
awareness and social
acceptability

Number of sales and loan
applications for SETs

Loans issued under the
SRF and Bank Windhoek
SHS: 694; SWH: 169;
PVP: 155.

Highly satisfactory

3.1 Comparative
information on demand
for energy services and
costs and benefits of
SETs

Cost-benefit analyses on
SETs

Cost-benefit analyses for
SETs have been updated
and leaflets on affordable
RETSs have been
distributed

Highly satisfactory

3.2 Increased
knowledge among
decision-makers and
end-users

6000 people reached by
campaigns

18000 printed materials
distributed by the project

Satisfactory to highly
satisfactory

40 on-site
demonstrations
conducted

Workshops attended by
more than 200 people

34 on-site demonstrations

160 decision-makers
have been briefed on
SETs

3.3 Active networks or
associations in place

SENSE is fully functional

SENSE has over 200
members

Highly satisfactory

SET suppliers
participating in SENSE

REOIA that regroups
around 80% of RET
suppliers has been
formed

OUTCOME 4
Appropriate financing
and product delivery

Number and type of

The Bank Windhoek
granted 177 loans, First
National Bank scheme
issued 116 loans, SRF
being transformed into

schemes lending schemes OGEMP Fund Satisfactory
Number of loans granted | Loan repayment rate of
and lending volume; the three scheme was
repayments 85%
A strategy to reduce first | A strategy for first cost
costis in place reduction is not in place
SRF loans for 2008-138,
4.1 SRF has been 2009-149, no loans
scaled up and 300 loans awarded per issued in 2010 due to
expanded year transition to OGEMPF Satisfactory
4.2 Financing schemes
through commercial
financing institutions Existing schemes have BW scheme-177 loans;
have been set up been scaled up FNB scheme-116 loans Satisfactory

New schemes have been
established

Local banks
independently issuing
loans for RETs

At least one scheme with
a development bank to
develop RETs and
productive
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OUTCOME 5 Learning,

Number of staff in REEEI

RE division increased
staff from 4 to 6, REEEI

Successful
implementation of all
the activities in the

evaluation and adaptive | and MME working on created position for previous
management RETs Energy Shop Coordinator | components
Lessons learnt were
Lessons learned reported
5.1 Adaptive
management, One of the PMU staff
monitoring and PMU staff absorbed in integrated in MME, and
evaluation MME or REEEI one applied for position Satisfactory

End of project study

End of project study has
not been completed, and
no one has taken
responsibility to complete
it

Unsatisfactory

Project progress reports

Project progress reports
completed

Highly satisfactory

Terminal evaluation

TE report expected to be
finished within months of
the project completion

Highly satisfactory

5.2 Lessons learned
have been documented
and disseminated

NAMREP quarterly and
other publications

Standard progress
reports produced
quarterly, 15 publications
from NAMREP I

Highly satisfactory

Experiences shared with
other countries

Six countries benefited
from experience of
NAMREP

Lessons learned reports
were being put together
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Appendix 5: Analytical framework to evaluate the wa  ter
energy relationship and policies to balance competi ng
needs and identify policy options that address vari ous
trade-offs

Source: The World Policy Institute (2011)

1.

Update and improve the quality of the data undeg\analysis of water consumption in energy
production. The most recent US Geological Surveywarer consumption, for example, was

published in 1998. Some examples of improvementsdalata include adding the full range of
emerging technologies to the analysis of existexhihologies; updating and filling in holes in

data on hydraulic fracturing and Canadian oil sara& incorporating data about aggregate
water consumption according to type of energy tetdgy and industry sector.

Carry out complementary analyses of water withdtaawa quality by energy type, including
breakdowns by technology including aggregate dadadatails by industry sector.

Identify possible portfolios of traditional and exhative energy sources designed to meet
projected future water needs for an array of watarcity hot spots.

Create a cost analysis of water efficient technielgAttempt to quantify or monetize their
impact on water, business, and elsewhere. Recogmideidentify the impediments these can
pose.

Identify technologies that both maximize water @ffncy and minimize carbon dioxide
emissions.

Assess the impact of energy choices on water difitijefor agriculture and forests.

Analyze how the state of the existing power gridaigiven area affects cost implications of
water-efficient energy choices—i.e., the capaaitgét clean, water-efficient energy to users.

Analyze how well existing governance mechanismspstpthe process needed to develop
water-efficient, cost-effective, and carbon minimgpolicies, and how to harmonize regulatory
bodies at the local, national, regional, and gldbatls (for example, the UN General Assembly
Law of Transboundary Aquifers, the Water Cooperaftommittee of the Gulf Cooperation
Council, and so on).

Focus these analyses on water-scarce border regiogie water and energy decisions affect
stakeholders of different nationalities or jurigiios.
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