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FOREWORD TO THE SECOND EDITION

Various international processes and the vigorous engagement of multilateral development
organisations provide an impressive demonstration of the growing importance attached
by humankind to the challenge of sustainable energy supply.

For years, climate change and its consequences have been one of the biggest challenges
facing Africa and have been the subject of debate. In the past, Namibia’s energy
supply has not played a major role in social and political debates. Fuel and most of the
country’s electricity are imported from its neighbours, especially South Africa. Over
time, however, people have changed the way they think about the issue. Namibia’s
National Development Plan (NDP4, Vision 2030) fully recognises the importance of
sustainable development, and particularly the role of renewable energy, though these
have not yet led to the desired scope of expansion in production capacity.

On 14-15 April 2014, the Konrad Adenauer Foundation co-hosted a two-day conference
in the National Assembly on the importance and foreseeable consequences of climate
change for southern Africa, as well as the opportunities offered by renewable energies.
The goal was to elaborate on the status quo of renewable energy in Namibia, as well as to
consider problems and possible ways of overcoming these problems in order to promote
the use of renewable energy in Namibia. The conference, among others, considered the
current status of the energy sector in Namibia; energy options available in Namibia;
the current status of the Independent Power Producer Framework; success stories and
challenges experienced; renewable energy feed-in tariffs; and regional experiences and
lessons from other countries.

With input from a broad cross-section of energy sector stakeholders, local and
international experts and members of the public, the conference agreed that the use of
renewable energies must be developed in order to help reduce poverty and to combat
climate change. Corresponding political strategies were further elaborated on at the
conference, and concrete steps were adopted to pass a new law on energy security. The
declaration, which was passed in June 2014 by the Parliamentary Conference, calls on
parliament and government to show greater recognition of the consequences of climate
change for the country and to institute a legislative initiative for better use of renewable
energies. In addition to a large number of specific implementation measures, such as
increased exploitation of solar energy (Namibia has the highest number of sunny days
of any country in the world), and grid expansion and tariff fees as intermediate steps on
the path to an energy feed-in law, the declaration also aims to bring younger generations
on board by making climate change and sustainable solutions for energy security a part
of every subject in all schools.

There is enormous potential in expanding the exploitation of renewable energies in
Namibia. Therefore Namibia has taken its first step towards a slow but steady switch to
renewables.

The recent discussion initiated by the Konrad Adenauer Foundation in the Namibian

ii



parliament signalled the start of a long overdue and serious look at the consequences
of global climate change and the opportunities offered by renewable energies. This
conference, Namibia’s first on energy issues, revealed that Namibia clearly has the
desire to take on a new leading role in renewable energy development issues in sub-
Saharan Africa, especially given that the country is ideally equipped in terms of natural
resources to ramp up its use of renewables.

Dr. Bernd Althusmann Prof. Dr. Oliver C. Ruppel
Resident Representative Professor of Law

Stefanie Braun Director

Project Coordinator Development and Rule of
Konrad-Adenauer-Stiftung (KAS) Law Programme (DROP)
Namibia and Angola Stellenbosch University
Windhoek South Africa

Namibia

iv



FOREWORD TO THE FIRST EDITION

Energy security is one of the most important future challenges for the international
agenda of security, peace, and stability worldwide. Increasing energy supply needs
and the aim of achieving greater energy independence are playing a mounting role in
politics, not only in the United States, Europe, Russia, China and India, but also in
Africa as the continent with the highest potential for energy resources for the future.

The quest for control and commercialisation of energy resources is also a reality in
sub-Saharan Africa. Nigeria and Angola are the biggest oil-exporting countries after the
countries of the Middle East. Namibia is one of the biggest uranium-exploiting countries,
while Tanzania may in future become one of the most important gas-exporting African
countries to world markets. The United Nations forecasts that the African population
will be around 2 billion people in 2050, and therefore the expanding demand for energy
will be one of the challenges with which Africa is faced, along with poverty reduction,
food security, water security and combating the impacts of climate change. But Africa’s
challenges are also world challenges, because energy security is a global priority, with
global markets, interests and needs.

More than ever, a reliable discussion about the importance of coordinating secure energy
supplies worldwide, and especially the impact on Africa, is essential for the future of
this continent, as part of the international energy security structure. The African Union
represents a continent which is faced with different aims, security interests and needs,
if one compares the destabilising developments over the past 10 years in the north,
south, east and west of Africa. Which path will Africa take in respect of rapidly growing
energy demands on the continent — the European or the Asian path?

The energy demand worldwide “is expected to increase by 27% by 2030, with important

changes to energy supply and trade flows”.!
In times of global unrest and crises the aspect of energy supply security becomes more
critical. Power politics and territorial interests as well as new extraction technologies may
cause controversies between political, economic and civil society actors. With regard to the
adjacent security and regulatory challenges, a reliable and climate-friendly energy supply
is required. In that respect, intergenerational equity and the integrity of creation should
serve as key motives.>

Pressures linked, for example, to agriculture, food security, water scarcity and energy

1 See Communication from the Commission to the European Parliament and The Council,
2014, European Energy Security Strategy, COM/2014/0330 final, available at http://eur-
lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52014DC0330&from=EN, last
accessed 10 February 2015, 1.

2 Konrad-Adenauer-Stiftung, 2015, International Report on Resources, Energy and Law,
1/15, available at http://www.kas.de/wf/doc/kas 40185-544-2-30.pdf?150126095215,
last accessed 30 January 2015.



demand are also increasing in Africa, not only putting ecosystems at risk.> Energy
security is the indispensible presupposition for stabilising democracy and economic
growth, and for reducing poverty and the impacts of climate change. In Europe the
debate about “energy security independence or interdependence?” has been ongoing.*
In sub-Saharan Africa the short- and long-term obligation to decide the way forward
currently forms part of the priority agenda on energy security in 2015. Prosperity and
stability can only grow in southern African countries if there is a stable and abundant
supply of energy. The dependency on foreign energy imports, in combination with
insufficient electricity supplies, will inevitably and primarily affect the poor and the
employment sector. The more energy prices increase, the higher the unemployment rate,
which is already alarming in many countries of sub-Saharan Africa.

How many of the people living presently in sub-Saharan Africa do really have secure
and constant access to electricity; and what is really needed in this regard in the near
future? Needless to say, developing countries are the most vulnerable to energy and
power failures, despite their wealth in energy resources. They are probably depending
on large energy imports from other countries and have to face a projected increase of
energy prices on a national level. Energy security issues will, however, in all likelihood
only be solved in cooperation between several countries, for instance the Southern
African Development Community (SADC) member states.

An applicable saying from Kiswabhili points out that “together we can make a difference”.
In around 100 countries worldwide the Konrad-Adenauer-Stiftung (KAS) contributes
to the promotion of democracy, rule of law, and social market economy. As a political
foundation and a well-known think tank, KAS cooperates with different organisations
in political fields like good governance, human rights, gender equality, adult education,
climate change, and energy. The Development and Rule of Law Programme (DROP)
at Stellenbosch University in South Africa researches and promotes sustainable
development law and policy, focusing on reconciling the tensions between environmental
sustainability, economic development, and human welfare, with a holistic view of
current legal, political, economic, social, and cultural developments. With its “law-
for-development, investment-for-the-poor, and policy-for-society approach”, DROP
facilitates knowledge transfer by deepening existing and establishing new partnerships
with policy makers, governments, diplomatic corps, commerce, industry and academic
institutions — particularly on the African continent. Together KAS and DROP provide

3 Niang, I. & O.C. Ruppel, 2014, Africa, in: Barros, V.R., C.B. Field, D.J. Dokken,
M.D. Mastrandrea, K.J. Mach, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C.
Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, & L.L.
White (eds), Climate Change 2014: Impacts, Adaptation, and Vulnerability — Part B:
Regional Aspects, Contribution of Working Group II to the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change, Cambridge, Cambridge University
Press, 1199.

4 Munich Security Conference, 2015, Energy Security: Running out of St(r)eam?, in:
Munich Security Report 2015, available at http://www.eventanizer.com/MSC2015/
MunichSecurityReport2015.pdf, last accessed 10 February 2015, 42.
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expertise and a platform for public discussions. They have joined forces in supporting
sub-Saharan Africa towards a stable energy supply and energy security for the future.

On 11 September 2014, we invited highly respected experts to a conference on energy
security in Windhoek, Namibia. The contents and results of this conference are reflected
in this publication and underline the importance of energy security for the ongoing
development of sub-Saharan Africa. As the editors of this publication, we are grateful to
the contributors for their commitment and expertise, which are so remarkably reflected
in this book.

Prof. Dr. Oliver C. Ruppel Dr: Bernd Althusmann

Professor of Law Resident Representative

Director Konrad-Adenauer-Stiftung (KAS)
Development and Rule of Namibia and Angola

Law Programme (DROP) Windhoek

Stellenbosch University Namibia

South Africa
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SECTION I:
CHALLENGES AND OPPORTUNITIES






1.
GERMAN-NAMIBIAN
COLLABORATION IN ENERGY ISSUES

Ullrich Kinne

1 Introduction

Today, around two billion people worldwide are living without access to a modern
energy supply. This means they have no opportunity to lift themselves out of poverty and
improve their living conditions through their own efforts. Providing these people with a
sustainable energy supply is the key to reducing global poverty. This is why promoting
renewable energies and energy efficiency is an objective of German development policy.

A sustainable energy supply not only reduces poverty, it also reduces dependency on
costly fossil fuels, especially oil. It helps to protect the environment — both locally
and globally. Germany therefore supports the dissemination of sustainable and local
energy production technologies, and aims to help achieve efficient energy production
and utilisation.

2 Aspects of German Development Policy in Energy Issues

Various international processes, and the vigorous engagement of multilateral
development organisations, provide an impressive demonstration of the growing
importance attached by humankind to the challenge of sustainable energy supply. A
leader in the use of innovative renewable energy technologies, the German government
is playing a major role in helping to define international targets and implement
concrete measures. Cooperation activities are being pursued at the level of the EU,
within the G8, and together with the World Bank and the regional development banks.
German development policy is also promoting cooperation with global networks and
public-private partnerships. The Federal Ministry for Economic Cooperation and
Development (BMZ) is supporting energy projects in more than 50 partner countries,
as well as numerous regional and global programmes. In order to expand cooperation
in the energy sector into a strategic partnership with developing countries, the German
government has in recent years launched numerous initiatives and made extensive
funding available.

In June 2004, more than 3 600 high-ranking representatives of governments, international
organisations, business associations and non-governmental organisations from 154
countries met by invitation of the German government at the International Conference
for Renewable Energies in Bonn — referred to as ‘Renewables 2004, for short. The



Ullrich Kinne

conference concerned itself with the key issue: How can the share of renewable energies be
significantly increased in industrialised and developing countries, and how can the energy
potentials of the sun, wind, water, geothermal heat and biomass be better harnessed?

The delegates agreed that the use of renewable energies must be developed in order
to help reduce poverty and protect against climate change. Corresponding political
strategies were further elaborated upon at the conference, and concrete steps were
adopted. An International Action Programme (IAP) was drawn up, summarising 200
measures, development targets and voluntary commitments by individual countries,
regions and international organisations.

3  The Special Facility for Renewable Energies at the German
Development Bank

A key contribution by Germany was the creation of a special facility for renewable
energies at the German Development Bank (Kf#W) in 2005. Its funds of EUR500 million
were used to help develop renewable energies and improve energy efficiency in emerging
and developing countries. This money was made available in addition to a fund of
EURI1 billion for renewable energies and energy efficiency pledged at the Johannesburg
World Summit in 2002. Owing to the huge demand, KfW has continued the work of the
Special Facility by launching the Initiative for Climate and Environmental Protection,
which is also active in Namibia.

4 The International Climate Initiative

The International Climate Initiative (/K/) supports climate and biodiversity projects in
developing countries, emerging economies and countries in transition since it has been
launched in 2008. Until the end of 2014 total funding for activities under the /K/ amounted
to EUR1.6 billion for 446 activities. The following are the focus areas of the /KT

* mitigating greenhouse gas emissions;
» adapting to the impacts of climate change;

» conserving natural carbon sinks with a focus on reducing emissions from
deforestation and forest degradation (REDD+); and

» conserving biological diversity.

So far, only one /K[ project has been supported by the German government in Namibia,
but there is room for more.The projects are based on the needs of partner countries and
supplement existing multilateral and bilateral cooperation with the German government.

IKI supports partners primarily through technology cooperation, policy advice and
capacity development, the preparation of studies and strategies, and the implementation
of measures for climate protection and conserving biodiversity, including the promotion
of renewable energies and energy efficiency.



1. GERMAN-NAMIBIAN COLLABORATION IN ENERGY ISSUES

The German Federal Ministry for the Environment, Nature Conservation, Building and
Nuclear Safety (BMUB) principally selects projects for IKI funding through a call for
proposals.

The selection process consists of two stages:

In the first stage, BMUB usually issues an annual call for proposals along with the
corresponding support information. Those interested may submit project outlines
in German or English before a set deadline usually ending in May for the following
year. These must be prepared using the project outline templates available on the IKI
website. BMUB evaluates all project outlines in this format that are complete and were
submitted to the IKI Programme Office in time. The Ministry makes its selection based
on the funds available and seeks the approval of other relevant ministries. Applicants
are informed in writing of the evaluation result.

In the second stage, applicants whose projects were selected are requested to submit
a formal funding application in writing and receive the necessary templates and
instructions. BMUB evaluates the project applications received and then makes the
decision on funding. If a project requires a letter of political support from a partner
country or guarantees under international law, this has an effect on the project’s start
date.

S  The Global Network on Energy for Sustainable Development

The Global Network on Energy for Sustainable Development (GNESD) networks with
various actors from developing and industrial countries that conduct policy analyses
on access to energy, environment and development. It supports national competence
centres that design sustainable development strategies, by providing them with
international contacts and facilitating the transfer of expertise. The network focuses on
needs-based environmentally friendly energy supply to help reduce poverty and achieve
the Millennium Development Goals. The GNESD is based with the United Nations
Environment Programme (UNEP), and is supported by the United Nations Development
Programme (UNDP), the United Nations Foundation (a foundation that promotes the
work of the UN) and various national donors.

6  African Development Bank Projects

In its capacity as shareholder of the African Development Bank (AfDB), the German
government has called for greater use of renewable energies in Africa, and for climate
issues to be addressed systematically.

The Bank has devised a Clean Energy Investment Framework (CEIF). This focuses on
the utilisation of hydropower potential. Furthermore, the Bank also sees geothermal
energy, solar energy and wind energy as a worthwhile activity area. The AfDB plans
to promote investment projects and measures to create more conducive frameworks
for private investment. The CEIF also includes a proposal for a multi-donor trust fund
for clean energy access and climate adaptation for Aftrica. In parallel to the CEIF, the
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Bank intends to put forward a climate change risk management strategy, and to design
a comprehensive action plan on clean energy and climate change.

7 Private Sector Involvement

The BMZ has set itself the target of not only developing governmental cooperation in the
energy sector, but also increasing the involvement of the private sector in development
policy activities. To this end, the Ministry and its implementing organisations KfW
and Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ) have intensified
dialogue with various trade associations. This dialogue aims to establish contacts
between companies in industrialised states and developing countries. These contacts
make it possible, for instance, to implement projects with solar energy or wind energy
companies in which entrepreneurship and development benefits go hand in hand, within
the framework of public-private partnerships (PPPs). In recent years, public-private
partnership projects of this kind have been supported, for instance, in Ghana, Mali,
Senegal, South Africa and Tanzania. There, solar power systems have been installed in
rural areas.

8 German-funded Energy Projects in Namibia

A multitude of projects have been supported by the German government to assist
Namibia on its way to cleaner and more sustainable energy.

On 25 June 2015, Minister of Finance Calle Schlettwein and German Ambassador Onno
Hiickmann signed an intergovernmental agreement on financial cooperation between the
Republic of Namibia and the Federal Republic of Germany for a loan of EUR45 million
(approximately NAD610 million) for the energy sector.

The preferential loan is to be used to finance projects on renewable energy and energy
efficiency in Namibia through NamPower. The main objective of the programme is to
ensure stable and reliable power supply for Namibia in the short- and medium-term
and to support a sustainable long-term power mix consisting of renewable and fossil
elements. Both approaches are flanked by initiatives to increase energy efficiency.

Specific projects to be funded through the programme are the rehabilitation of three
turbines at the Ruacana hydro power plant and the construction of transmission lines
from Gerus to Otjikoto and Kuiseb to Walvis Bay.

About EURS million (approximately NAD110 million) are allocated for demand side
management. This will include NamPower’s initiative to exchange one million light
bulbs in households with energy-saving LEDs free of charge and a programme to
subsidise the replacement of 20 000 traditional electric geysers with energy-efficient
solar water heaters.

As energy is an enabler of economic growth, this agreement will play a vital role in
reducing the dependency on power imports, supporting Namibia’s promising economic
development and transformation into a modern, diversified economy.
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A German-funded debushing project has been exploring the commercial viability of using
encroaching bush for energy generation. The following may illustrate the impact of bush
encroachment and de-bushing: The carrying capacity of rangeland, and productivity of
land in a wider sense, has been reduced by two-thirds, i.e. it is only one-third of previous
levels. The economic loss through reduced meat production only is estimated to exceed
NAD1,5 billion per annum. The de-bushing of 1% of currently bush-encroached area of
30 mio ha would, besides its potential energy benefits, create employment for between
400 and 30 000 people, depending on the degree of mechanisation, and increase the
recharge of groundwater to an extent of about 300 mio qm per annum which equals the
volume of the Hardap Dam.

Admittedly, most figures are based on limited scientific evidence and can be disputed in
absolute terms. The significance of de-bushing however remains undisputed.

It is encouraging in this context that in 2015, Nampower, with support from KfW,
established a dedicated biomass project and aims to conduct a bankable feasibility
study of decentralised 5-20 MW biomass power plants. The Deutsche Gesellschaft fiir
Internationale Zusammenarbeit (GIZ) projects cooperate closely by strengthening the
biomass supply sector and operations to meet the demand of large-scale off-takers. In
August 2015, Nampower tendered the supply of alternative or supplementary fuel(s)
for testing purposes at the Van Eck Power Station, which is an initiative that could
potentially open up an immense opportunity and which, with the support of GIZ, is
incorporating the biomass industry through the Namibia Biomass Industry Group
(N-BIG, Section 21 not for gain). N-BIG will serve as an institutional framework that
enhances cooperation of the industry stakeholders in fields such as marketing and sales,
upscaling of capacity, and R&D in equipment and products.

Other major German-funded energy projects in Namibia in the past were extensions to
the Ruakana power plant worth EUR42 million, and the ‘Caprivi-Link’ project worth
EUR40 million, which has allowed increased energy imports from Zambia. Furthermore,
the German-funded project for the creation of an urban traffic master plan for Windhoek
has the potential to contribute to a more efficient traffic infrastructure, which will result
in considerable energy savings.

9  The Way Foreward

During the visit of Brigitte Zypries, parliamentary state secretary in the German Federal
Ministry for Economic Affairs and Energy, to Namibia in July 2015, long-term energy
security was identified as one of the major factors for consideration by German companies
when making investment decisions. German companies in the renewable energy sector
offer leading-edge technology worldwide.! A business delegation from leading German

1 See http://www.renewables-made-in-germany.com/ for company profiles and product
presentations from Germany, plus information about the activities being conducted by
the Renewable Energies Export Initiative in other countries, put together by the Deutsche
Energie-Agentur (dena — Germany Energy Agency). At the virtual marketplace http://
www.renewablesb2b.com/, business contacts can be initiated directly. Furthermore,
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companies in the area of renewable energy to Namibia is under consideration for 2016.

Foreign direct investment into renewable energies in Namibia and the efficient
application of up-to-date energy solutions require a conducive regulatory and public
policy framework. And, of course, it is important that existing investment protection
agreements are upheld. Besides these regulatory aspects which require ongoing attention,
there are two major hurdles which still prevent renewable energies from claiming their
rightful place in Namibia’s energy mix: One is the lack of an economically viable feed-
in tariff and the other is the cap of 10% on the share of renewable energies in the
country’s future power generation.

The German Foreign Office has agreed to support a trip to be organised by the Konrad
Adenauer Foundation for members of the Natural Resources Committee of the Namibian
Parliament to visit Germany in order to familiarise themselves with renewable energy
legislation, including feed-in tariffs, in Germany, so that they can take an informed
decision and vote on similar legislation in Namibia.

Until the adoption of a feed-in tariff law, it is imperative to ensure the swift construction of
photovoltaic (PV) power plants for which licences have been issued under the Independent
Power Producer (IPP) Platform. Out of 27 licences issued so far, only one PV power plant
has actually been built and another one is under construction. To speed up the process,
licences should only be issued to qualified companies with proven experience in the
field. German companies in particular are known for their strong training components
and employment creation impact of their activities. It is encouraging that NamPower has
agreed to take up the energy generated through these licences in its grid.

Regarding the 10% cap, new storage technologies and the integration of energy markets
should allow a higher share of renewable energies in overall power generation. It is
encouraging that 83% of newly commissioned energy generation capacity within the
SADC member states in 2014 is from renewable energy sources. Germany is prepared
to assist Namibia in this regard as well.

It can be summarised that the German government has contributed substantially to
develop renewable energies and to improve energy efficiency in Namibia. Many energy
related projects are being supported and it is encouraging that — besides the continuos
financial support — further cooperation activities are envisaged for the near future, where
technological and regulatory possibilities can be presented and discussed.

the aforementioned website provides comprehensive information about current sector
news from across the world and on international events such as fairs, conferences and
training activities, as well as the special business marketplace of the German Chambers
of Commerce (AHK).
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THE STATE OF RENEWABLE ENERGY
TECHNOLOGIES AND APPLICATIONS IN
SUB-SAHARAN AFRICA - WHERE DO
WE STAND, AND WHERE DO WE GO?

Zivayi Chiguvare & Theodora M. Chiguvare

1 Introduction

Electricity is a major ingredient for economic growth and, without access to it, most
of the sub-Saharan African countries’ participation in the world economy will remain
marginal. They will remain net exporters of raw materials, and net importers of finished
products and outsourcers of services, thereby impoverishing their nations. Namibia
imports 100% of its oil and gas requirements, and more than 60% of its electricity
demand. This electricity demand satisfies the needs of only about 44% of the population
living mainly in the urban centres. Namibia is endowed with abundant sunshine, and
other natural energy resources, like wind and biomass. Even the Benguela current in
the Atlantic Ocean provides excellent opportunities to harness the kinetic energy of
the water and to convert it to electricity. Proven gas reserves off the Atlantic coast
could generate up to 800 MW of electricity for at least 15 years, yet the majority of the
Namibian population continues to rely on natural flows of energy and has no access
to modern energy supply in the form of electricity. They rely on traditional sources of
energy such as direct sunshine and firewood. Real opportunities, however, exist, and
Namibia could become the example of 100% electrification in sub-Saharan Africa.

Every advanced economy has required secure access to modern energy to underpin
its development and growing prosperity. Modern, high-quality and reliable energy is
essential for better health, higher incomes, and all-round improvements in the quality
of life. This includes all emotional, social, and physical aspects of the individual’s life,
of which some examples are healthcare, nutrition, sense of acceptance by intimate
others, activities that promote relaxation and stress reduction, and the provision of
clean water, etc. Modern energy supports development through the provision of the
means for reliable and efficient lighting, heating, cooking, mechanical power, transport,
and telecommunication services. Access to affordable and reliable energy services
is fundamental to reducing poverty and improving health, increasing productivity,
enhancing competitiveness, and promoting economic growth.

Sub-Saharan Africa has yet to overcome the obstacle of energy poverty. The old
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Zimbabwean proverb “Human relationships are always partially complete, until there
is food sharing” could be extended to “until there is food and thermal comfort”, i.e.,
energy sharing. People need sustenance and thermal comfort to remain alive. Both of
these resources are necessary conditions for life, and water is the medium, which enables
food intake. When the conditions of food and thermal comfort are met, people can live
and reproduce, with successive generations labouring to provide the conditions of food
and thermal comfort for their descendants. People seek food and thermal comfort from
birth till death.

Communities build houses to store their food supplies and to protect themselves from
extreme temperatures. Energy is a critical enabler that facilitates the cultivation of food,
its transport from afar, its preparation, and its preservation over long periods of scarcity,
as well as the manufacture of adequate clothing. Energy is also used to protect life and
safeguard life’s necessities from harm. Plants and animals, too, need food and thermal
comfort to survive. Prolonged inadequacies of these essentials result in hardship and
death.

Many wars that have been fought are related to energy, where one people encroaches on
the territory of another, to access food and energy. The amount of energy that one group
has control over is directly related to the power that it has over others. Nations fight to
their death when their energy supplies are threatened.

Renewable energy resources are widely distributed geographically, and it is difficult for
a specific nation to contain renewable resources, or to deprive others of them. Therefore
technologies that harness these resources, though still confined to developed states,
offer a ray of hope to developing regions, such as sub-Saharan Africa, where millions of
people dream of universal access to modern energy systems and to eventually harness
their own renewables resources.

2 Where Do We Stand?

Figure 1 shows the correlation between access to electricity and poverty levels in
various countries. It is clear that if the energy access levels are high, then the percentage
of the population living in poverty is lower. Namibia is in the bottom left corner of the
figure, which is undesired — the ideal situation is to be on the top right, where 100% of
the population has access to electricity, and other modern energy services, and 0% of
the population lives in poverty. The majority of sub-Saharan African countries falls in
the bottom left quarter, and hence, in general has lower quality of life, in comparison to
OECD countries, for example. The circle indicates the position of Namibia then. It is
gratifying to note that by end of 2015, the percentage of the population with electricity
access in Namibia had risen to 47%, which is indeed, a step in the right direction.
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Source: GEA (2012:165).

3 Energy Access

Sub-Saharan Africa’s rates of access to modern energy are extremely low, indeed they
are the lowest in the world, and there do not seem to be sufficient efforts by the locals
themselves, nor by foreign sympathisers, to address these inadequacies.

11
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Table 1: Electricity access in 2012 — Regional aggregates

Population
without Electrification Urban Rural
Region electricity rate electrification | electrification
(million (%) rate (%) rate (%)
persons)
EelEpin 1283 76% 91% 64%
countries
Africa 622 43% 68% 26%
North Africa 1 99% 100% 99%
DS URLED) 621 32% 59% 16%
Africa
Developing Asia 620 83% 95% 74%
China 3 100% 100% 100%
India 304 75% 94% 67%
Latin America 23 95% 99% 82%
Middle East 18 92% 98% 78%
Transition
economies & 1 100% 100% 100%
OECD
WORLD 1285 82% 94% 68%

Source: Figures from GEA (2012).

The Africa Energy Outlook 2014 states that —

There is no single internationally accepted and internationally adopted definition of
“modern energy access”. Yet, significant commonality exists across definitions, including:

Household access to a minimum level of electricity.

Household access to safer and more sustainable (i.e. minimum harmful effects on health
and the environment as possible) cooking and heating fuels and stoves.

Access to modern energy that enables productive economic activity, e.g. mechanical
power for agriculture, textile and other industries.

Access to modern energy for public services, e.g. electricity for health facilities, schools
and street lighting.'

IEA (2014:29).
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People have energy access if they have access to at least:

» the equivalent of 35 kg of liquid petroleum gas for cooking per capita per year
from liquid and/or gas fuels or from improved supply of solid fuel sources and
improved (efficient, hygienic and non-polluting) cooking stoves; and

* 120 kWh of electricity per capita per year for lighting, access to most basic
services (drinking water, communication, improved health services, improved
education improved services, and others), as well as for added value to local
production.

Any government with an interest in the welfare of its population should therefore
make concerted efforts towards increasing access levels, reliability and affordability of
supply, while taking note of environmental concerns to ensure sustainability. Quality
of supply refers to technical availability, adequacy, reliability, convenience, safety and
affordability of the energy relating to the people it is intended to serve.

Participation of sub-Saharan countries in the world economy remains marginal, and in
general happens on terms not determined by the African nations themselves, but rather
on terms determined by sympathetic nations, from America, Europe and Asia. The
assistance offered by donor countries and organisations is often viewed with suspicion,
because the sympathisers are, in many cases, the former colonisers of the African states
they now assist. The benefits of such donor-recipient relationships have also been
skewed towards the donor, with trickle benefits to the beneficiary. This has prompted
the African nations to demand an upfront commitment in the form of ‘local content’ and
‘local shareholding’, including the building of local capacity to ensure continuity after
the donor project has ended. Some donor communities have considered such demands
as undermining their friendly offers, and as a result many projects have stalled. Where
the donors have consented, and the local content has not been abused to mean politically
connected locals, projects have progressed to fruition without any hitches, and many
examples can be cited in this regard. Sadly, political power has been abused to the point
that projects that could benefit the masses have stalled as a result of greed and lack of
consideration.

On a per capita basis electricity demand in sub-Saharan Africa has remained largely
unchanged for the last decade (at close to 400 kWh), with total consumption levels
rising in step with the population. This is the lowest rate of per capita consumption of
any major world region, 75% below that of developing Asia and less than the electricity
needed to power one 50-watt light bulb continuously for a year. For comparison,
electricity demand per capita in North Africa increased by more than 80% from 2000 to
2012, reaching 1 500 kWh.?

2 (ibid.:39).

13
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Table 2: Sub-Saharan Africa — Facts and figures in 2013-2015

Sub-Saharan . s
Africa Argentina Namibia
Population 936,1 million | 43,0 million | 2,3 million?
Urban population 37% 92% 38%
Gross domestic product (USD) 1,613 trillion | 0,537 trillion | 13,11 billion
Gross domestic product per capita 1,657 12 509.53* 5408.24
(USD) (2014) (2014)
Life expectancy at birth (years)? 56 71,73 m 60.35 m
79.07 w 61.62 w
CO, emissions (metric tons per 0,8 4,47 1,39¢
capita)
Electricity generation capacity 30 000 32 870 4877
MW) (2010) (2013)
(47 countries excluding South
Africa)
Electricity consumption per capita 141 2 967 213
(kWh/person per year) (2011)
Electricity access rate (%) 25% 99,80% 47,38
(2015)

Source: Figure compiled by authors based on various sources as indicated.

The fact that more than 900 million persons in sub-Saharan Africa have access to an
electricity generation capacity smaller than that in Argentina, which has less than 50
million persons, is depressing! What kind of development can be expected of a population
with a 141 kWh annual per capita energy demand? Unless sub-Saharan African leaders
take a radical step towards increasing the capacity to produce and provide electricity,

3

4
5

See http://www.indexmundi.com/namibia/life_expectancy at birth.html, last accessed
19 January 2016.

See https://energypedia.info/wiki/, last accessed 1 February 2016.

See the WHO’s Global Health Observatory Data Repository available at http://apps.who.
int/gho/data/node.main.688?lang=en, last accessed 17 February 2016.

See http://cotap.org/per-capita-carbon-co2-emissions-by-country/?gclid=CMO3vf-
3sMoCFarpwgodBfYKXQ, last accessed 19 January 2016.

See http://www.indexmundi.com/namibia/electricity installed generating capacity.
html, last accessed 19 January 2016.

See http://data.worldbank.org/indicator/EG.ELC.ACCS.ZS, last accessed 19 January
2016.



2. THE STATE OF RENEWABLE ENERGY TECHNOLOGIES AND APPLICATIONS IN
SUB-SAHARAN AFRICA - WHERE DO WE STAND, AND WHERE DO WE GO?

and the capacity to utilise the provided electricity, the situation will remain the same,
and sub-Saharan Africa will continue to be a net exporter of raw materials and labour,
while being a net importer of finished products and services — a sure way to remain in
perpetual poverty.

4  Energy Resources in Sub-Saharan Africa

Energy resources in sub-Saharan Africa as a whole are more than sufficient to meet
regional needs, both now and into the foreseeable future. This holds true across the
range of energy resources, with remaining recoverable resources of oil sufficient for
around 100 years at the current level of production, coal for more than 400 years and gas
for more than 600 years. Uranium is also present in large quantities in some countries
and the region has a range of high-quality renewable resources, including solar, hydro,
wind and geothermal. Many of these resources are spread unevenly across the huge
expanse of continent and exploitation thereof is at differing stages of development. The
solar radiation intensity is good, ranging from 1 600 to 2 400 kWh/m?*year. Africa has
good hydro potential, e.g. just the Grand Inga in the Democratic Republic of the Congo
can produce up to 39 000 MW, which is more than the total installed capacity in sub-
Saharan African countries, if South Africa is excluded. Wind energy potential is high on
the west coast of southern Africa and eastern Africa.

A significant proportion of these resources are, as yet, undeveloped (particularly non-
hydro renewables). In fact, many of the known resources are not yet fully surveyed or
understood, and there remains good reason to believe that sub-Saharan Africa’s energy
resources will increase as exploration and assessment continue. The opportunity is
present to develop a modern energy sector across Africa that draws on these varied
resources; but the path from theoretical potential to harnessed supply is likely to be long
and complicated.

5  Renewable Energy Market Conditions

Current utilisation of renewable energy resources is for off-grid solutions (solar home
systems, micro- and mini-grids) since they are the most appropriate and cheapest option
for rural areas. Of late, quite a significant portion of grid electricity is generated from
intermittent renewable energy resources, such as solar photovoltaics, concentrated solar
power and wind. Infrastructure is poor (weak and poor networked electricity grid and
poor road networks). In most countries base load power is limited. There is general lack
of verified resource potential information (e.g. for wind energy).

There is a general absence of appropriate policy and regulatory regimes that support
renewable energy. Countries such as Ghana, Kenya, South Africa, Uganda, etc. have
developed various policy instruments (tendering, feed-in tariffs) to support renewable
energy. Namibia and others are still formulating appropriate instruments. There is still
the need to invest seriously in improving access if sub-Saharan Africa is to participate
meaningfully in the world economy.
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6  Challenges

There is no doubt that electricity is a major ingredient for economic growth. The
principal technical challenge is to design systems that are affordable and also sustainable
over the long term in settings where capital and operating budgets are often small
and infrastructure for operation and maintenance may be minimal. The technology
employed must be appropriate for the social, economic and environmental conditions
of the settlement.

Atregional and national level, the key technical principles of concern to policy makers and
regulators are compliance with renewable energy targets and localisation of technology.
At project level, the standard principles that require mini-grids should comply with
safety, reliability, security, environmental and social impact, flexibility and economy.
Many mini-grids will be interconnected to the main grid and they must therefore be
designed to accommodate this eventuality. There must be a seamless transition between
islanded and parallel operation. Technology choice must be driven by the market, and
not be determined elsewhere, as is the case in many developmental projects.

7  Market Needs and Demand for Mini-grids

7.1 International Goals

In May 2013, the SADC energy ministers directed the SADC Secretariat to ensure that
the Regional Energy Access Strategy and Action Plan (REASAP) was aligned to the
United Nations Sustainable Energy for All (SE4ALL) initiative that aims to achieve the
following objectives by 2030:

* universal access to modern energy services;
* doubling the rate of improvement in energy efficiency; and

* doubling the share of renewable energy in the global energy mix.

Universal access for all end users by 2030 is envisaged.

7.2 Public-private Partnership

Mini-grids will be financed, developed, operated and maintained by public-, private-
and community-owned enterprises or a hybrid or combination of such enterprises. The
bulk of project funding is expected to be provided by communities and the private
sector. The focus of public sector funding will be to create the enabling environment
that attracts private sector funding. However, technology choice must be driven by the
market, and enabling policies for public-private partnerships are still needed.

8 SADC Regional Goals on Energy Access

SADC has defined mini-grids using renewable and hybrid generation as an important
contribution towards the region’s strategy to increase access in an environmentally and

16
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economically sustainable way. The REASAP, adopted by the SADC energy ministers in
2010, specifies the following goals:®
» strategic goal — to “harness regional energy resources to ensure, through national
and regional action, that all people of the SADC Region have access to adequate,
reliable, least-cost, environmentally sustainable energy services”; and

» operational goal — to “endeavour to halve the proportion of people without
energy access within 10 years for each end use and halve again in successive 5
year periods until there is universal access for all end users”.

Universal access for all end users was envisaged, but, five years later, not much has been
achieved in this regard.

Outcomes of commissioned studies suggest that the instruments needed for mini-grid
development include:

» standardised licensing procedures and licence templates;

» guidelines for use of energy funds for mini-grid investment support (‘subsidy

guidelines’);

» procurement guidelines for competitive bidding;

» standardised concession agreement (SCA);

+ standardised operation and maintenance agreement (SOMA);

» standardised tariff methodology (STM); and

» standardised power purchase agreement (SPPA).

The instruments are oriented to facilitating the establishment of efficient mini-grids on
a viable, sustainable basis. One of the main themes is that mini-grid customers need
electricity much more than they need low tariffs. Regulation should therefore be as
light-handed as possible, e.g. tariffs for mini-grids, in particular, should not be directly
regulated. However, enabling policies for public- private partnerships are still needed.

9  SADC Regional Electricity Regulators Association

The SADC Regional Electricity Regulators Association (RERA) is a formal association
of independent electricity regulators whose establishment was approved by the
Southern African Development Community (SADC) ministers responsible for energy
in Maseru, Lesotho, on 12 July 2002. The Association was officially launched in
Windhoek, Namibia, on 26 September 2002, and it provides a platform for effective
cooperation between independent electricity regulators within the SADC region. RERA
has commissioned a number of studies into micro-grids for southern Africa.!

9 SADC Regional Energy Access Strategy and Action Plan (2010).
10 See https://energypedia.info/images/9/92/SADC _RERA Zimbabwe_Case_Study.pdf, last
accessed 5 February 2016.
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10 Where Do We Go?

Five actions are essential to transforming the energy situation in sub-Saharan Africa:

» Sub-Saharan states need to adopt a clear and consistent statement that modern
energy access is a political priority and that policies and funding will be
reoriented accordingly. National governments need to adopt a specific energy
access target, allocate funds to its achievement, and define their strategy for
delivering it.

* They should mobilise additional investment in universal energy access, above
USD14 billion per year. All sources and forms of investment have their part to
play, reflecting the varying risks and returns of particular solutions.

»  All sectors of the economy need to grow, but private sector investment needs to
grow most of all. For this to happen, significant barriers must first be overcome.
National governments need to adopt strong governance and regulatory
frameworks, and invest in internal capacity building. The public sector,
including multilateral and bilateral institutions, needs to use its tools to leverage
greater private sector investment where the commercial case is marginal and
encourage the development of replicable business models. When used, public
subsidies must be well-targeted to reach the poorest.

» There is a need to concentrate a substantial part of multilateral and bilateral
direct funding on those difficult areas of access which do not initially offer
an adequate commercial return. Provision of end-user finance is required to
overcome the barrier of the initial capital cost of gaining access to modern
energy services. Operating through local banks and microfinance, arrangements
can support the creation of local networks and the necessary capacity in energy
sector activity.

»  Sub-Saharan states should make provision for the collection of robust, regular
and comprehensive data to quantify the outstanding obstacles and monitor
progress towards their elimination.

11 Way Forward

There are great disparities in the different African regions caused by the still unbalanced
development of the energy production and transmission infrastructures on the continent.
According to the African Development Bank (AfDB), over 600 million people in Africa
do not have access to electricity and over 700 million rely predominantly on solid fuels
for cooking. Given the significant energy deficit, a financing gap of an estimated USD
55 billion per year must be bridged in order to provide access to affordable modern
energy across the continent. The Africa Renewable Energy Initiative which aims to
catalyse 10 GW of new renewable energy generation capacity by 2020 and at least
300 GW by 2030 is one example of how the New Deal will drive change in the energy
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sector.!! Private sector financing is required, and the role of the public sector cannot be
underestimated since market risks are still high. Public-private partnerships are ideal for
some projects, especially where risks are still high. Sub-Saharan African countries need
to get market fundamentals right in order to attract and retain the requisite investment in
the energy sector. Some of these are:

* to create a level playing field for independent power producers;
* to implement energy market reforms to provide easy market access; and

* to mitigate political and regulatory investment risk with long-term stable policy
frameworks to match developmental goals; and

* to integrate partnerships into sector development plans.

The establishment of the SADC Centre for Renewable Energy and Energy Efficiency
(SACREEE) can be considered as a promising step towards more energy security in the
region. The SADC Energy Ministers Meeting that took place in Johannesburg, South
Africa, on 24 July 2015 endorsed the establishment of SACREEE'? and Namibia was
selected as host country. The selection of Namibia testifies to its enabling conducive
environment, which will ensure that the SACREEE exercises its functions and fulfils its
objectives in an efficient and effective manner. The SACREEE provides a ray of hope
to the millions of SADC inhabitants who still lack access to adequate modern energy
services.
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1 Introduction

Namibia imports 100% of its oil and gas requirements, and more than 60% of its
electricity demand. This electricity demand satisfies only about 44% of the population
living mainly in the urban centres. Namibia is endowed with abundant sunshine, and
other natural energy resources like wind and biomass. Even the Benguela currents in the
Atlantic Ocean provide excellent opportunities to harness the kinetic energy of the water
and convert it into electricity. Proven gas reserves off the Atlantic coast could generate
up to 800 MW of electricity for at least 15 years, yet the majority of the Namibian
population continues to rely on natural flows of energy and has no access to modern
energy supply in the form of electricity. Many therefore rely on traditional sources of
energy such as direct sunshine and firewood. Alternative energy opportunities exist,
however, and Namibia could become the example of a country using 100% electrification
in sub-Saharan Africa.

Lack of access to modern energy systems slows down the development of any country, and
its participation in the modern economy remains marginal. The country would continue to
rely on importation of goods manufactured elsewhere, and on selling its resources as raw
materials without any meaningful value addition. This is not a sustainable way forward
and in the long run may cause a collapse of the economy. Any serious government will
work hard to provide modern energy technologies to its population, and add value to its
raw materials in order to benefit the local citizenry. Sometimes the decision to supply
electricity to all is not based on the economics of the day, but is rather politically based,
with the hope that economic benefits will accrue in the long run.

Increasing energy access rates has the potential to lift people out of energy poverty, thus
creating dignified living conditions and expanding economic opportunity. Energy poverty
undermines economic development, fuelling political instability and the creation of failed
states. Indeed, there is a strong correlation between political stability and electrification
rates.'

1 Banks (2013).
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2 Access to Energy in Africa

Energy in Africa is a scarcer commodity than in the developed world. Fifteen per cent
of the world’s population lives on the African continent, yet they represent only 3%
of global electricity consumption. Annual per capita consumption is 518 KWh in sub-
Saharan Africa, the same amount of electricity used by an individual in an Organization
for Economic Cooperation and Development (OECD — example is the US) country
in 25 days.?> Across the African continent only 10% of individuals have access to an
electrical grid and, of those, 75% come from the richest two quintiles in overall income.’
Less than 2% of the rural populations of Malawi, Ethiopia, Niger, and Chad have access
to electrical power. Electrical provisioning in Africa has generally only reached the
wealthy, urban, middle class and commercial sectors, bypassing the region’s large rural
populations and urban poor.* According to the Forum of Energy Ministers in Africa
(FEMA), most agriculture still relies primarily on human beings and animals for energy
input.*

There is a chronic electricity supply shortage across Africa. The 48 sub-Saharan
countries have a combined installed generation base of only 68 GW, according to the
African Development Bank Group.® This is roughly equal to the generation capacity
of Spain, a country whose population is less than 5% of that of sub-Saharan Africa.
However, the electricity shortage across sub-Saharan Africa is far from uniform. South
Africa has 40 000 MW of power and 50 million people (3,63 MWh per capita). In
contrast the rest of sub-Saharan Africa has roughly 25 000 MW of electricity capacity
and over 800 million people (0,33 MWh per capita). In contrast, the German economy
is large and developed, ranking fourth in the world by GDP. Because of this, Germany
ranked sixth in global energy consumption between 2004 and 2007.° Indeed, Germany
was Europe’s largest consumer of electricity in 2002: electricity consumption that year
totalled 512,9 terawatt-hours. In 2013 Germany’s electricity production reached 631,4
TWh.” In 2012 the German population was 81,8 million and energy generation was 579
TWh of electricity (5,59 MWh per capita).

Despite many positive efforts, more than 620 million people (two-thirds of the population)
in sub-Saharan Africa are without access to electricity. For those that do have electricity
access in sub-Saharan Africa, average residential electricity consumption per capita is
equivalent to less than half the average level in China or one-fifth of that in Europe.® The

2 Cook (1976).

3 The World Bank (2005).

4 FEMA (2006).

5 Standard Bank (2013).

6 According to the International Energy Statistics of the US Energy Information

Administration, see http://web.archive.org/web/20100108233218/http:/tonto.cia.doe.
gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=44&pid=44&aid=2, accessed 8 January
2013.

7 See http://www.ag-energiebilanzen.de/index.php?article id=29&fileName=20140207
brd_stromerzeugung1990-2013.pdf, last accessed 23 January 2015.

8 IEA (2014).
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lack of resources, as well as non-existent infrastructure, means that public and private
organisations must now unite to empower Africa and to consolidate development efforts,

in this respect.
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Figure 1: Comparison of Electricity Generation Energy Mix and Capacities in Africa and
Germany, 2011
Source: Author's figures based on data from the International Energy Agency, the World Bank
and the World Health Organization.

According to the IEA, approximately 40% of the new electricity provision required for
universal access over the next 15 years is likely through grid extension. The remaining
60% is the natural domain of small and medium enterprises which use distributed,

23



Zivayi Chiguvare & Helvi Ileka

renewable technologies.’ It is interesting to note that significant new discoveries have
prompted the IEA to anoint sub-Saharan Africa as the “new frontier” in global oil and
gas.'” Countries such as Cameroon, Ghana, Equatorial Guinea, the Republic of Congo,
Kenya, Tanzania and Uganda are emerging as potentially major new producers of oil.
There have also been discoveries of large offshore natural gas resources in Mozambique
and Tanzania, prompting plans to develop East Africa into a major exporter of liquefied
natural gas. South Africa is estimated to have significant shale gas resources as well.

3  Access to Energy in Namibia

Namibia’s energy sector consists of petroleum product imports, local fuelwood supplies,
and local and imported electricity. Namibia currently has no indigenous supply of either
oil or gas, and there is no refinery, so all petroleum products are imported, ready to use.
Liquid fuels, which are all imported, account for over 63% of net energy consumed
in Namibia. Namibia’s GDP for 2010 was approximately US$5 202 per capita.!! The
average annual GDP growth rate for the past 20 years was approximately 4,1%.

The overall population density in Namibia is low, at 2,6 persons per square kilometre,
with a variation of 0,5 in the Karas Region to 22,9 in the Ohangwena Region (Census,
2011); compared with the average population density in other sub-Saharan African
countries of 36,1 persons per square kilometre in 2010. This presents a challenge for grid
extension over long distances to service a very small population with a comparatively
insignificant electrical load. The total population enumerated in Namibia during the 2011
Census was 2 113 077, of which 903 434 people were in urban and another 1 209 643
people in rural areas, constituting 57% rural, and 43% urban. It is estimated that 70%
in the urban areas, equalling 632 404 persons, and about 25% in rural areas, equalling
302 411 persons, have access to electricity. Altogether, therefore, the population with
access to electricity is about 44%.

4  Energy Policy Position

The government of the Republic of Namibia has a mission to ensure an adequate and
affordable energy supply in a sustainable manner, taking advantage of Namibia’s natural
resources in support of the nation’s socioeconomic development. The White Paper on
Energy Policy of 1998 indicates seven objectives: Security of supply — Namibia will
secure a sufficient and reliable supply of sustainable energy support to the growing
needs and the government’s endeavour to develop new industry. Social upliftment —
Namibia will redress inequalities in the provision of energy supplies, and ensure that
all households have access to affordable and appropriate energy supplies. Economic
competitiveness / Economic efficiency — Namibia will ensure that increases of energy

9 See http://www.gvepinternational.org/en/business/our-approach?gclid=CK7g8KqK9cIC
FcjHtAodinsAZA, last accessed 23 January 2015.

10 IEA (2010:240).

11 The World Bank Group & Electricity Control Board of Namibia (2011).
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supply and utilisation are sustainable, competitive and economically efficient. Effective
energy sector governance — Namibia will effectively govern the energy sector, which
will include effective planning, flexibility in approach, and adequate staff resources.
Investment and growth — Namibia will endeavour to achieve a high level of investor
confidence in the energy sector, which will result in fixed inward investment and
economic benefits for the country. Sustainability — Namibia will move towards the
sustainable use of natural resources for energy production and consumption as far as
economically possible. The White Paper on Energy Policy recognises that Namibia
has a range of renewable energy resources at its disposal from which electricity can
be generated, but does not set targets for their desired contribution to the domestic
generation mix going forward.'> Much has happened in Namibia regarding the inclusion
of renewable energy technologies, which suggests that the 1998 policy document may
need to be revised since it is now more than 16 years old.

The Namibian Electricity Supply Industry (ESI) is regulated by the Electricity Control
Board (ECB), subject to the powers vested in the regulator under the Electricity Act
2007. Under the Act, any person engaged in the generation, transmission, distribution,
supply, import or export of electricity must obtain a licence from the ECB for such
operations. Individual licences are required for each of these activities. There are well-
defined processes for such licence applications and the general licence conditions have
been developed by the ECB and are generally well understood.

12 GIZ(2013).
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Figure 2: Electricity Supply Industry in Namibia
Source: The World Bank Group & Electricity Control Board of Namibia
National Integrated Resource Plan (2013:2-2).

The main licensees in Namibia are NamPower, the Regional Electricity Distributors
(REDs), and local and regional authorities. The electricity industry is dominated by
the state-owned vertically integrated power utility company, NamPower, which owns
and operates all of the country’s generation and transmission assets, as well as some
distribution facilities in the rural areas of central and southern Namibia. Vertically
integrated organisations, in general, result in monopolistic situations where the
transmission, generation and trading sectors are governed by the state utility. The bulk
of the distribution of electricity is undertaken by the City of Windhoek (the country’s
largest distributor). The remainder is managed by three regional electricity distribution
companies (REDs) — the Northern RED (NORED); the Central and Northern RED
(CENORED), which covers most of the central to northern parts of the country stretching
to the Caprivi Strip; and the Erongo RED, which covers the central coastal region to the
west of the country including Walvis Bay and Swakopmund — and by numerous small
municipal distribution operations.

Conditional licenses have been issued to nine Independent Power Producers (IPPs)
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related to proposed power plants based on wind, solar, biomass, water and coal.
NamPower encompasses three main ring-fenced businesses, namely generation, trading
and transmission. There is currently also a distribution component within transmission,
but NamPower is gradually pulling out of direct distribution. NamPower, in its role
as system operator and trader, currently has the important role of balancing supply
and demand, and it is the contracting party for imports, primarily from Zimbabwe
Electricity Supply Authority (ZESA) in the Republic of Zimbabwe and Eskom in the
Republic of South Africa, and also from the Zambian Electricity Supply Company.
As such, NamPower seeks optimally to balance its own generation with imports and
thereby obtain the best possible cost scenario. In essence, NamPower is responsible, as
the single buyer, to buy electricity outside Namibia and sell it inside the country.

A full range of power-generation technologies that could be of interest in Namibia
were identified, as well as parameters, such as capital cost, operating cost, production
capability and grid-connection costs, was estimated for each technology.”” The
recommended National Integrated Resource Plan (NIRP) will require a significant
increase in investment in new generation and transmission assets to meet the country’s
increased power demands resulting from economic growth. The planned approach will
reduce power imports primarily through development of the 800-MW Kudu Gas Power
Plant operating on Namibia’s offshore natural gas reserves, as well as increased use
of renewable power by developing solar photovoltaic (PV), concentrated solar power
(CSP) and wind-power plants. Taking advantage of the fact that Namibia has one of the
best solar radiation regimes in the world, the government is enabling the development
of solar photovoltaic power generation technologies through a special purpose vehicle,
the Project Steering Committee (PSC), established to facilitate procurement of 30 MW
through a competitive bidding process. The adopted procurement mechanisms take care
of all other renewable energy technologies. The demand-side management programme,
complemented by the envisaged measurement and verification protocols and guidelines,
is expected to improve energy efficiency.

5  Energy Supply Options in Namibia

The main internal sources of electrical power for Namibia are the hydroelectric scheme
at Ruacana (332 MW), the coal-fuelled Van Eck power station in Windhoek (120 MW),
and diesel-powered generators at Paratus (24 MW) and Anixas (22.5 MW) in Walvis
Bay (46,5 MW), as indicated in Table 1. The total installed capacity is about 507,5 MW,
but the actual output currently is only about 27% owing to various technical and natural
challenges, such as the ageing of the Van Eck power plant, the low water flow in the
Kunene River due to poor rainfall, among others.

13 The World Bank Group & Electricity Control Board of Namibia (2012).
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Table 1: Electricity generation plants in Namibia

Power plant and Generation Year Remarks on effective
location capacity commissioned availability
1 Ruacana Hydropower | 332 MW * Water from the Kunene River
Station is regulated by a series of
K Ri in th dams in Angola, primarily the
Unene iver, i the Three 80 1978 Gove Dam on the Angolan
north of Namibia, . .
. MW hydro highlands, approximately
where the river
generators for 1 000 km northeast of
becomes the border . . .
o a total of 240 Ruacana, and a diversion weir
between Namibia and
Angol MW at Calueque, to channel part
heota of the flow to a surge head
2012 bay on top of the mountain —
4th unit — 90 limited reliability.
MW
2 Van Eck Coal Power 120 MW 1973 Coal used is imported from
Plant South Africa, transported by
. . ship to Walvis Bay and then
Outskirts of Windhock Using four 30- by rail or road to Windhoek —
MW generators makes it expensive.

Plant is usually operated as a
standby and peaking power
station.

Very limited emission control
equipment and thus emits
high levels of air pollutants.
Hence station is limited to
burning 3 500 tonnes of coal
each week, although it may
use emergency stockpiles if
necessary.

The maximum output the
plant can reach is only some
50 MW owing to various
constraints.
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diesel generator
sets

3 | Paratus Diesel Power 24 MW 1976 * Maximum output is currently
Station . in the order of 17 MW.
Using four
Walvis Bay 6-MW * Used mainly as a standby and
(nominal) diesel peaking power station, but it
generators is also contractually bound as
an emergency standby plant
for the city of Walvis Bay.

» Uses light fuel oil (LFO)
to start-up and shut down,
switching to heavy fuel
oil (HFO) once a unit is
generating more than 2,7
MW.

4 | Anixas Power Station | 22,5 MW 2011 * New and proven technology

Located near the Using 3 x 7,45 which has a hl.g.her efficiency

. . and reliability, fewer

Paratus Diesel Power MW Caterpillar emissions and less noise than
Station in Walvis Bay | V16 cylinder

older power stations of its
type.

Currently, NamPower meets the national demand for electricity by generating at
Ruacana hydropower plant, and importing from Zimbabwe Electricity Supply Authority
(ZESA), Zambia Electricity Supply Corporation Limited (ZESCO), Electricity Supply
commission (Eskom) of South Africa, and Aggreko power company of Mozambique (see
Figure 3). Namibia relies heavily on imports of electricity ranging from 40% to 80%,
depending on the available internal generating capacity subject to seasonal variability
of climatic and hydrological conditions and other factors. Demand for electricity has
grown steadily in Namibia, showing a 150% increase over the past 22 years.!* The
country’s maximum (peak) demand stood at about 534 MW in 2013, and was estimated
to grow by 4% annually.!® This implies that by the end of 2014, peak demand would
have been 555 MW. During dry seasons the Kunene River is low in water flow and the
Ruacana hydropower plant cannot be operated at full load. This scenario has rendered
the country’s electricity supply situation critical as the future of its electricity supply
is almost entirely at the mercy of external policy and decision makers. Between 2014
and 2031 peak demand is projected to rise from about 550 MW to 1 100 MW, while the
annual energy demand is expected to rise from 3,5 TWh (1,67 MWh per capita) to 7,5
TWh (about 2,5 MWh per capita). The power supply situation in Namibia is expected
to remain critical until perhaps the planned Kudu Gas Power Plant comes on stream in
2018.

14 NamPower (2014).
15 NamPower (2013).
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Figure 3: Historical energy demand showing proportional contributions of local and
imported sources (year 1999 is interpreted as July 1998 to June 1999)
Source: Author's figure based on data from NamPower Annual Reports 2000-2014.

The transmission system and the trading of electricity are both fully managed by
NamPower, which is the single buyer in Namibia. The generating branch of the power
utility is not yet unbundled; it encompasses all the existing power plants feeding the grid
to date (see Table 1). Any independent power producer (IPP) that wants to feed electricity
into the grid has to sell it to NamPower through a power purchase agreement (PPA).

Importation of power from South Africa is carried along two high-voltage lines of 400
kV and 300 kV with capacities of 500 MW and 200 MW, respectively. The national
electricity grid of 15 500 km of transmission lines serves to distribute power from several
primary sources of electricity. High-voltage lines deliver power via a network of lines
of successively lower and lower voltages the closer they come to the final consumers of
electricity. Substations along the grid distribute and transform the power from higher to
lower voltages.

The grid is a major technical limitation for the integration of renewable energy in
Namibia. The overall structure does not permit an important balancing of power. Some
transmission lines present significant losses, which are even bigger in the distribution
system (up to 20%). Moreover, many substations need to be upgraded in order to
evacuate additional power. The interconnection with other Southern Africa Power Pool
(SAPP) members is still limited, but the situation is improving. For instance, a high
voltage DC line (400 kV — 600 MW) that connects Namibia, Botswana and Zambia was
commissioned in 2010. In addition, Namibia is also connected to Angola with AC lines.
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In addition to the electricity grid, many rural homesteads, schools, clinics, tourist resorts
and other small settlements use the so-called off-grid sources of power. Most of these
are diesel, solar power and other generators that produce relatively small amounts of
electricity. Cumulatively to date, Namibia has about 3,74 MWp solar power installed
(solar water heaters - SWH, photovoltaic water pumping - PVP, solar home systems,
SHS and solar cookers).®

6  Opportunities Presented by Renewable Energy

6.1 Solar

Namibia has one of the best solar regimes in the world with an average high direct
insolation of 2 200 kWh/m?/a, and minimal cloud cover. The principal climatic indicator
determining the technical potential for solar PV is the global horizontal irradiance (GHI).
The areas with the highest GHI are mostly located in the western parts of Namibia,
from north to south. The Ministry of Mines and Energy (MME), has well-defined grid
and off-grid electrification master plans: the Regional Electricity Distribution Master
Plan (REDMP) for electrification through grid extension, and the Off-Grid Energisation
Master Plan (OGEMP) for electrification of areas not covered by REDMP. Through
these two masterplans, the Government has been able to identify areas that are off-grid
as well as those where the grid will not be expected to reach in the next 20 years. In such
areas government is providing stand-alone renewable energy technologies and mini
grids. OGEMP’s objective is to provide access to appropriate energy technologies to
rural areas. The Solar Revolving Fund loan scheme administered by Ministry of Mines
and Energy finances individuals wishing to install applications such as solar water
pumps, solar photovoltaic home systems, solar water heaters, and solar cookers/ stoves.
Access to renewable energy technologies is also improved by the establishment of
Energy Shops. Fourteen Energy Shops are located in different regions and their primary
function is to stock and sell suitable and approved energy products and compatible
appliances. Public institutions such as clinics, schools and police base stations falling
under the domain of OGEMP are electrified by government with 288kWp containerized
stand- alone systems and large decentralised hybrid systems.

One of the major solar PV applications in Namibia is solar water pumping (PVP) on
cattle farms. Solar PV is also useful for rural access to modern energy. It consists of
small systems equipped with an inverter and a storage system (batteries) that provide
enough electricity for lighting, radio, TV and fans. Larger solar home systems are
utilised by households having substantial levels of consumption. They can even feed
the grid without a license if the system is smaller than 500 kVA. However, there is no
compensation from the power utility yet.

The number of large PV plants both off- and on-grid is increasing in Namibia. Recently
the National Breweries inaugurated a 1.1 MW grid-connected rooftop PV system

16 Heita (undated).
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capable of supplying 34% of its electricity demand, thus demonstrating the possibility
of reducing dependence from the main grid. NamPower itself inaugurated a 640 kW
system, also grid-connected, indicating the availability of expertise in such systems.
There is however no legislation that allows the private owner of a grid-connected system
to be paid for extra power injected into the grid. Net metering rules whose development
is spearheaded by the Electricity Control Board are now at an advanced stage.

6.2 Wind

It is radiation from the sun that provides heat energy which warms the atmosphere;
and high levels of radiation and, thus, heating of the air and ground surface are largely
responsible for the great rates of water evaporation in Namibia. Solar radiation also
drives the general circulation of the atmosphere and wind, since air that has been heated
rises and creates a relative vacuum of lower pressure. Winds are thus generated as air
flows from areas of high pressure to replace the rising air.

Wind is a dominating feature of the coastal climate because of the presence of the
South Atlantic Anticyclone off the coast. The Anticyclone operates like a gigantic fan,
producing strong winds that drive the Benguela Current northwards and carry sand from
the shore onto the vast expanse of Namib dunes. These winds also cause upwelling cells
on the coast, which bring nutrient-rich water to the surface, thus producing Namibia’s
wealth of fish resources. Wind is, however, less prevalent inland.

Wind energy can be converted into electricity, and initiatives to do this are being
pursued near Liideritz. A wind assessment project was carried out by the Ministry of
Mines and Energy (MME) and German Technical Cooperation (GTZ) in 1996 for the
region of Liideritz and Walvis Bay on the southern coast of Namibia. It showed that
both sites have the potential for producing wind power with wind speeds around 7 m/s.
The methodology included a model analysis (WAsP and WindPro Programme), as well
as ground measurement (10 m). Recent measurements at 85,7 metres high, undertaken
in Liideritz by a potential wind IPP, predict a yearly wind speed average reaching 10
m/s with a stable wind direction. Additional potential sites with a good wind regime are
likely to exist in areas located more in the North (e.g. Henties Bay, Terrace Bay, Mowe
Bay). The SAPP has estimated the Namibian potential for wind at 27.201 MW and
36 TWh per year. There is currently one wind turbine (220 kW) installed in Namibia,
which feeds the distribution grid in Erongo Region.

6.3 Biomass and Biogas

In Namibia, immense land areas are infested with invader bush. It is an important
environmental concern because the bush encroachment limits the local biodiversity, the
water absorption of the soil, and the livestock carrying capacity. It has been calculated
that 26 million hectares of land are invaded in Namibia. Most of this resource is located
in the north of the country. If this amount of bush were used to produce electricity, the
same calculations show that the potential generation would be 1 100 TWh, which at the
Namibian usage scale can be considered as unlimited.
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From 2007 to 2010, the project Combating Bush Encroachment for Namibia’s
Development (CBEND), funded by the European Union to the amount of N$14 million,
established the first bush-to-electricity demonstration plant (250 kW) in Namibia. It was
also the first PPA signed by NamPower with an IPP. However, the power plant does not
feed electricity to the grid yet, owing to the low power factor of the connecting line.

6.4 Hydro

Namibia’s only perennial rivers are the Kunene, Kavango (forming borders with Angola
and Zambia in the north) and the Orange River (bordering South Africa in the south). In
2010, 64% of the electricity was generated at the Ruacana hydropower plant. Ruacana
hydropower plant now has a capacity of 332 MW.

NamPower is examining the possibility of installing a second hydropower plant on the
Kunene River, downstream from Ruacana. The Baynes hydro project, has been in the
pipeline for many decades. However, political tensions with Angola, as well as socio-
environmental concerns, have restricted the project to a feasibility study. Recently, the
perspective of supplying southern Africa from a large hydropower plant has raised the
interest of both Namibia and Angola. The estimated project implementation cost is about
US$1,3 billion (about N$14 billion). The deployment of small hydropower plants (6 to
12 MW) along the Orange River for a total capacity of 70 MW is also being examined
by NamPower. The estimated cost is up to U$35 million and the plan is to develop the
project as a clean development mechanism activity.

Both off-grid and grid-connected energy production from renewable energy resources
require a special institutional and legal framework, which is, unfortunately, not yet in
place. An overwhelming need exists to transform Namibia’s energy regulatory and
institutional framework because the current one is not as effective as the need of the
country dictates. Off-grid electricity supply is not catered for in the Electricity Act,
2000, nor do the proposed licences take off-grid electricity supply into account. Off-
grid electricity supply is primarily a distribution function, and not a generation function,
although small-scale generation is involved (much less than the 500 KVA envisaged by
the Electricity Act, 2000).

7  Challenges and Opportunities

A goal set by the White Paper on Energy Policy “that 100% of the peak demand and at
least 75% of the electric energy demand” should be supplied from internal sources by
2010 has not yet been achieved. Since gaining independence in 1990 Namibia has added
little to its generation asset base, the bulk of which was built in the 1970s.
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Table 2: Challenges and Opportunities

Challenge Opportunity
Inherent challenges for the country’s power | The Namibian set-up presents huge
sector include long distances between | opportunities for decentralised electricity

population centres, rugged terrain, a long
Atlantic coastline and a very dry climate.

Sometimes the losses incurred could be more
than the energy demand of the end beneficiary
population. In other words, it does not make
economic sense to extend the main utility grid
to every individual in Namibia. Such decisions
must be political and targeted to populations
whose load profile can be quickly increased.

supply through isolated home systems or mini-
grids using the various energy streams abundant
at specific sites.

However when electrification is done in this
format, the load profiles should not be too
limited because the beneficiary populations
then tend to regard renewable energy off-grid
solutions as an inferior power supply when
compared to the main grid.

We argue that when properly designed, off-
grid PV power solutions can be competitive
economically.

The high upfront capital cost of many resources,
particularly renewable resources, is one of the
most critical barriers to the development of an
energy market.

Current utilisation of renewable energy
resources for off-grid solutions is the most
appropriate and cheapest option for some rural
areas of Namibia.

The opportunity is to design off-grid systems,
with possibilities for future on-grid integration.

Addressing the lack of food security and limited
water resources takes priority over energy
initiatives, for these factors are necessary for
life.!

In Namibia, the water, in general, is
underground, and has to be pumped to the
surface. In many instances, water pumping can
be done effectively by using either windmills or
PV water pumps. The solar resource is available
in sufficient quantity almost everywhere in
Namibia.
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There is general lack of verified resource
potential information (e.g. for wind energy).

There is a general absence of appropriate policy
and regulatory regimes that support renewable
energy. Countries such as Ghana, Kenya, South
Africa, Uganda, and others have developed
various policy instruments (tendering, feed-in
tariffs, etc.) to support renewable energy.

The Namibia Energy Institute currently
conducts resource assessment studies to verify
potential.

The opportunity to learn from experiences of
other countries should not be underestimated.

Namibia and others are still formulating
appropriate instruments. Namibian Policy
requires urgent review to capture current trends
and developments in the energy sector. For
example the carbon market and the various
instruments used in the procurement of
renewable energy such as feed-in tariffs need
to be incorporated in the energy policy. The
planning tool such an integrated resource plan a
national integrated resource plan (NIRP) which
is an implementation plan for national energy
policy that combines energy supply options and
energy efficiency measures including demand
side management (DSM) to provide energy
services at a minimum cost, with environmental
and social costs also needs to be incorporated
in the national Energy Policy as a matter of
urgency, for coherency in planning and resource
allocation, increasing efficiency in resource
allocation and prioritisation, as well easy and
quick decision making for both investor and
regulator for business proposals and projects
that are in line with national interests.

Grid supply is insufficient, unreliable or
inaccessible. Renewables-based capacity is
growing rapidly but from a very low base (with
the exception of hydropower).

Large-scale private ownership of oil-fuelled
generators and greater focus on developing
mini and off-grid power systems should be
encouraged.

Sub-Saharan Africa is rich in energy resources.
Huge renewable resources remain untapped.
There is excellent solar energy potential across
all of Africa and good hydropower potential in
many countries; while wind power potential
occurs mainly in coastal areas and geothermal
energy sourcing possibilities are plentiful
in the East African Rift Valley. In the last
five years, nearly 30% of world oil and gas
discoveries were made in sub-Saharan Africa;
but the challenge to turn these discoveries into
production and the resulting revenue into public
benefits is formidable.

This is the region’s opportunity to shine, to
learn from past experiences, to take intelligent
decisions and to do something that really
benefits the local citizenry.

Value addition that includes the construction
of state-of-the-art refineries should be explored
without hesitation. The region could change
from net importer to net exporter of finished
petroleum products. Proceeds can then be used
to avail energy access to all.

This is the opportunity to carefully map out and
define mutual benefits while working within
public-private partnerships — both nationally
and internationally.
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Oil resources are being developed, with
production of 5,7 mb/d of crude oil in 2013,
primarily in Nigeria and Angola. The region
exported more than 5 mb/d of crude, and
imported around 1 mb/d of oil products. Natural
gas use of 27 bem in 2012 is similar both to the
volume that was exported and to the volume
flared. Coal production, which was nearly 220
Mtce in 2012, is concentrated in South Africa.
The region also accounts for 18% of the world
uranium supply. Namibia is referred to as the
fourth largest producer of uranium, but with
minimal value addition.

A meticulous study on what the importers of
uranium do with it will be needed. The vast
amounts of energy that nuclear resources have
could take the continent out of energy poverty.

Each of the countries in sub-Saharan Africa
should establish energy institutions that serve
as think tanks for the country, and these should
interact regularly to start coordinated activities
towards universal energy provision. Sometimes
it is more effective to work across boundaries
than within one country.

Low incomes, coupled with inefficient and
costly forms of energy supply, make energy
affordability a critical issue. Electricity
tariffs in Africa are often very high by world
standards, despite often being held below the
cost of supply. Across sub-Saharan Africa, the
wealthiest 20% of households account for about
half of total residential spending on energy.

Oil products are subsidised in many oil-
producing countries. Where subsidies exist,
they are often designed to support energy
access for the poor. An opportunity exists here
for correct targeting.

Inadequate cross-sectorial approaches:

A number of sector policies and plans, for
example in the agriculture and energy sectors,
are not consistent with the directions outlined in
the draft Climate Change Strategy Action Plan.

There are a growing number of ad-hoc studies
on climate change impacts in Namibia and a
number of operational research partnerships.
These, however, do not necessarily result in a
coordinated information and research capacity
that can feed into national planning.

NamPower will embark on a demand-side
management campaign that seeks to replace
20 000 existing electric geysers with solar
water heaters. The National Housing Enterprise
will construct 185 000 houses between 2012
and 2030, and include electric geysers ... this
does not make sense because NamPower’s
efforts would be nullified, and even reversed.
Power provision for those houses has not been
adequately considered.

The opportunity here is more precisely to
specify, prioritise and sequence the activities
identified, and to estimate the costs associated
with each proposed activity.

Institutions such as the Namibia Energy Institute
must look at the various approaches suggested
by the different government departments and
try to harmonise the action plans.

Government directives on low carbon
development must be formulated and
institutionalised.

If directives exist, the real opportunity to make
effective use of them is when policies are
reviewed, because then programmes of action
can be formulated with specific reference
to resources required, timeframes, and clear
indices of success.
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10

The lack of attention to renewable energy and
energy efficiency options in planning within
the energy sector, including the lack of clearly
defined targets, creates a barrier to attracting
private investment in these technologies.

In the energy sector, a number of initiatives
are underway to promote renewable energy
and energy efficiency both on- and off-grid,
with funding from several donors, as well as
domestic funding. There is considerable private
sector interest in renewable energy projects,
although investment has been limited so far.

A real opportunity exists to revise appropriately
the country’s energy policy, and to formulate a
renewable energy policy.

11

Liquid fuels, which are all imported, account
for over 63% of net energy consumed in
Namibia. Namibia currently imports about 65%
of her electricity needs.

Besides the offshore Kudu natural gas field,
which has yet to come on-stream, no other
commercially viable domestic fossil fuel
resources have so far been discovered.

Instead of producing 800 MW and exporting
half of it, the Ministry of Environment and
tourism (MET) has been promoting the idea
of diversifying the fuel mix used to power
the country’s fleet of light load vehicles by
introducing liquefied gas.?

It would be prudent to reduce power imports
primarily through development of the Kudu
power plant operating on Namibia’s offshore
natural gas reserves, and to increase the use
of renewable power by developing solar PV
and wind-power plants. The demand-side
management programme will improve energy
efficiency.

Appropriate feasibility studies would however
be necessary.

8

Financial Resources Needed

The African Development Bank has estimated that a universal access system for all 53
countries in Africa would cost a total of US$547 billion to implement by 2030, which
averages US$27 billion per year."” Total investment has not come close to this mark;
instead until recently hovering between US$1-2 billion annually.'® Recent participation
by China and India in the order of US$2 billion annually brings the investment total
up to about US$4 billion. The power sector still faces a finance gap in the order of
US$23 billion per year, which severely constrains its development options. Operating
at a quarter of the necessary budget to grow and expand, current networks must mark
most funds for maintenance of aging existing systems.'”

9  The Way Forward

There are great disparities in the different African regions, caused by, among other
things, the still unbalanced development of the energy production and transmission
infrastructures on the continent. According to the African Development Bank,
7 000 MW of new power generation capacity is required annually, at a cost of about

17 UNIDO (2009).
18 The World Bank (2012).
19 Foster & Briceno-Garmendia (2010).
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US$41 billion per year. Governments alone are not able to finance the development of
energy infrastructure, and therefore private sector financing is required. The role of the
public sector cannot be underestimated since market risks are still high. Public-private
partnerships are ideal for some projects, especially where risks remain high.

An immediate opportunity for Namibia is to integrate solar water heating into the
mass housing project currently underway, which seeks to construct 185 000 houses
between 2012 and 2030. Calculations show that water heating, alone, for those houses
would require the supply of electricity from an additional 130 MW plant operating
continuously. Such integration has the potential to kick-start a vibrant solar water
heating industry, including manufacturing, installation, repair and maintenance, as well
as training and capacity building. It is however quite unfortunate that most of the houses
include electric water heaters on their bill of quantities.

10 Conclusion

Namibia needs to focus on increasing the country’s own generation capacity by way
of an increased use of renewable energy. A greater concerted effort by government is
needed to introduce more secure, sustainable and environmentally friendly forms of
energy in order to meet future demands.
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4.
100% DECENTRALISED, RENEWABLE
ENERGY FOR NAMIBIA

Harald Schiitt

1 Introduction

Namibia cannot continue to be electrified by conventional means. A population of
2,2 million, spread over 824 000 square kilometres cannot come up with the financial
means to put each of the estimated 465 000 households on grid. And even if all these
houses could technically be connected to a national grid, the majority of the Namibian
population cannot afford rising prices for electricity, which would be unavoidable to
finance the connection and centralised generation plants. According to the Namibia
2011 Population and Household Census', 59% (135 084) of urban and 7% (16 512) of
rural households are connected to grid electricity, and are thus exposed to the centralised
distribution system with all its weaknesses and exorbitantly rising costs and tariffs. To
try and finance further investment in the out-dated technical concept of centralised,
fossil-based electricity supply from tax-payers’ money will put further constraint on the
national budget and disappoint many of the people who voted for the new Namibian
government, because many long-awaited investments will not be possible since the
money needs to be used to service expensive international loans.

Government thus has two choices: either to bring electricity to where the people are,
in order to make life more attractive in the countryside to persuade people to stay
there, or to wait until people come to where the electricity is. Windhoek grows with
approximately 10 000 people per year and approximately 44% of the Namibian nation
is now urbanised, as compared with less than 28% at independence in 1990 — indicating
massive rural-urban migration.

Namibia is in the historical situation to be able to decentralise Power generation not
only technically, but also with regard to the value-streams attached. Estimations say
that 20 000 to 50 000 — some say even more — direct and secondary jobs of a permanent,
sustainable nature can be created mainly in rural areas if the opportunities that are
related to decentralised, renewable energy (RE) generation in conjunction with energy
efficiency (EE) are put to use.

Bush-to-electricity can generate power on demand and at the same time employ
thousands of workers to harvest the bush and run the power stations, while creating
more space for raising cattle. Decentralised photovoltaic (PV) installations can provide

1 NPC (2011:76).
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employment for hundreds of people for the processes of setting up and maintenance. The
installation of solar water heaters can also provide jobs, provided the decision makers
in Namibia make their use compulsory and ban electrical water heaters (EWH), which
are installed because of the lower initial investment, but incur exorbitant running cost
for making warm water. Other technologies such as concentrated solar power (CSP),
with storage, and biogas can fill the gaps when resources like wind and PV cannot meet
the need.

New sources such as geothermal potential (hot springs at Gross Barmen, Windhoek,
Rehoboth and Ai-Ais), wave power, ocean stream and others need to be explored and
made useful for the Namibian nation. Such strategies would decouple power supply
in Namibia from internationally linked factors such as the price for gas, oil and coal,
as well as exchange rate fluctuations of international currencies, and would provide
electricity to Namibian households and enterprises at conditions and prices that are
dependent on circumstances prevailing in Namibia, not elsewhere in the world.

Prices for renewable energy can easily be kept at a consistent level, because the source
of power generation is free and eternal, while prices for all fossil fuels and nuclear
energy are subject to international developments beyond the control of any Namibian.

2 People and Wealth in Namibia

Namibia is one of the countries in the world with the most significant income disparities.
According to the 2009/2010 Namibia Household Income and Expenditure Survey, only
6% of the population (corresponding to 10% of all households) have an annual per
capita income of more than 58 824 Namibian dollars (Nam$).

According to the 2013 Namibian Labour Force Survey, the unemployment rate has
increased by 2,2%, while 41,7% of the youth remain unemployed (compared to 37,8%
in 2012).® Given the fact of a shrinking job market’s inability to absorb the growing
number of job seekers, plus the high inflation rate, the economic future of the young,
dynamic upcoming generation looks bleak. The capability of the upcoming generations
to afford rising prices for electricity can safely be set at zero. Also the existing 33% of
the population, who currently use grid electricity, will face hard times, because the top of
the income pyramid, decides frequently to invest in solar home systems, meaning they
will stop contributing to the national grid, while people at the bottom of the pyramid of
electricity users are also forced to leave the system because they simply cannot afford
the rising tariffs anymore (Figures 1 and 2).

In the end, these two diverse developments might lead to between 20 and 25% of the
population having to foot the bill for the exorbitant investment in ‘Kudu-Gas-to-Power’
or Xaris and the subsequent infrastructure needed to distribute the electricity to grid-
bound customers.

2 NSA (2012:139).
3 NSA (2014:9); see also Nhongo (2014).
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Figure 1: Electricity users now on grid: Figure 2: Income pyramid of Namibia
Only about one-third of Namibians are on grid Source: NPC (2006); BoN (2009).
Source: VO Consulting (2012).

3  Power Grid and Supply Chains
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Figure 3: Namibian transmission backbone: Transmission in Namibia is expensive
Source: “Namibia's Electricity Sector”, NamPower (9.9.2014).

The existing grid for the distribution of electricity follows the pattern of population
density because from the point of view of a distributing entity, such as a regional
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electricity distributor (RED) or a municipality, the market is where the people are (Figure
3). The more people live close together in cities, the more economical it seems to them
to supply people with electricity. More and more high capacity ‘power highways’ need
to be constructed and financed to keep the supply going over long distances, albeit at
considerable grid-losses. Nobody talks about the related losses and costs of urbanisation,
such as slums, water-borne diseases, criminality etc.

The centralised, fossil-based model of electricity provision has been followed all over
the world for centuries, because there was hardly any alternative. Electricity had to
be generated by big power stations in central locations and subsequently it had to be
distributed to users who had to pay for the entire chain of supply. Only recently, some
countries, such as Germany and 52 others, introduced Energy In-Feed laws that made
it possible for people to generate electricity from decentralised, renewable sources
and feed into the national grid at prices that were economically viable for small-scale
investors as well as middle-sized power generation.

One significant aspect of all these laws is that decentrally generated electricity has to
be purchased preferentially and at guaranteed prices by the utilities and distributors.
This regulation caused the massive development of technology and administrative
systems that will revolutionise electricity supply worldwide. Some few communities,
such as Schoneiche and Feldheim in Germany opted also to buy back the local grid
from the utilities and run their own power supply on the basis of a cooperative, in
which each user has one vote. These cooperatives could realise considerable gains out
of their status as electricity-autonomous communities because both investments and
revenues come from their members and profits have been realised by them. Thus they
can opt to keep prices at consistent levels way below the national average by simply
limiting the profits from their investment in the distribution cooperative. Also investors
from the manufacturing sector found such conditions very attractive because they can
expect stable electricity prices for many years to come. In these circumstances, the local
economy grew considerably because many new manufacturing and other companies
moved in.
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Figure 4: ErongoRED pioneers: Netmetering
Source: Robert Kahimise, ErongoRED, 15.4.2014.

In Namibia, the model of regional electricity distributors (REDs) could have been
developed in such a way, but dependency on NamPower as a single buyer of bulk
electricity makes the REDs and municipalities prone to the risks that are inevitably
linked to a top-down, monopolised supply system. However, ErongoRED took a lead
and offered its customers a net-metering tariff of Nam$ 1,08, thus encouraging 84
customers to generate electricity to the value of over Nam$1 million in 2014 in year 1
(Figure 4). The number of “pro-sumers” as well as the number of kWh generated locally
is growing by the day.

CenoRED saw reason to follow this example recently and offers Nam$ 0,96 per kWh
to customers who are partially or totally generating kWh up to their own usage levels.
These are positive examples pointing in the right direction, because they encourage
local investment, and channel value-streams back to the community. The restriction is,
however, that such net-metering regulations remunerate the local producer only up to
the limit he or she is consuming. If a small investor produces more kWh than he or she
consumes in one given period of payment, he or she will lose because no compensation
is paid for this extra portion of the locally generated electricity. Thus, the local systems
are deliberately dimensioned in such a way that they cover only 60 to 90% of the users’
own consumption, which does not help much to master the prevailing supply crisis on
national level in Namibia.

In recent months, however, a new regulation was introduced by the Electricity Control
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Board (ECB), making it less complicated for willing investors to invest in more
considerable generation capacities, up to 5 megawatts (MW), which require investment
to the tune of 120 million Nam$ (7.5m €). They are still forced to sell to NamPower,
so the single-buyer concept is still in place, but here in a modified way: NamPower
is signing power purchase agreements (PPAs) with a tariff of Nam$ 1.13 to 1.37 per
kWh solar power, pre-determined by the ECB. Capacities above 5 MW have to be
tendered internationally, which is a major effort and will not encourage local people to
invest in power generation. However, the 5 MW limit is rather high and at present 27
license-holders are busy organising funds and technical expertise for the installation of
small power plants with up to 5 MW capacity. The first one is already in operation near
Omburo and another one is scheduled to go online in the first quarter of 2016.

4  Opportunities

For the first time in history, the technology, administrative systems and financial means
are available to electrify a country 100% from decentralised, RE-based resources. This
could send a worldwide signal for the ailing negotiations about climate change and what
to do about it! Where, if not in Namibia? The resources in Namibia are boundless! See
Figure 5.
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Figure 5: Namibia’s solar resources: Thousands of times the total energy need
Source: GeoModel Solar (2012).

Sunshine potential in Namibia is beyond comprehension, biomass is available in
abundance, wind is a considerable resource, biogas can be used at specific places,
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and other sources such as ocean stream and geothermal heat are yet to be explored.
Technically, there is no problem to supply all energy used in Namibia from renewable,
decentralised sources, which can be owned by companies, cooperatives and individuals
based in Namibia. In this way, a further drain of capital could be stopped over time and
Namibians would be benefiting not only from a stable price per kWh, but also from all
the VAT generated from the consume made possible by the then disposable income that
is resulting from the savings on the electricity bill, as well as from the taxes paid in the
country.

Furthermore international investors would be attracted by a guaranteed price per kWh
over decades!

5 The Bottom Line

The bottom line is often considered to be the money it takes to supply a product or
service. At the moment, Namibians are plagued by constantly rising prices for electricity.
Paulinus Shilamba said, in his capacity as CEO of NamPower, that the prices per kWh
have to rise by 15% annually for at least five years to compensate NamPower for the
“necessary” investments. This will mean that electricity will almost double in price over
this period (Figure 6). Hardly any of the relevant decision makers has seriously been
questioning the necessity of these investments. Hardly anybody has been saying that
Namibia’s electricity supply is based on dinosaur technology and — even worse, because
even more expensive to the end-user — a dinosaur distribution system.

Table 1: Prices are going to double or more

Price increase for electricity
P rlcf(;:::zalf/:’ per 2015 2016 2017 2018 2019
10% 100,00 110,00 121,00 133,10 146,41
15% 100,00 115,00 132,25 152,09 174,90
18% 100,00 118,20 139,71 165,14 195,20
20% 100,00 120,00 144,00 172,80 207,36
25% 100,00 125,00 156,25 195,31 244,14

Source: Table compiled by Amusha 2015.

The income structure of the Namibian population simply cannot cater for price rises of
that magnitude in the electricity sector. The percentage of people, who can still afford
grid-bound power might shrink, leaving the remaining minority with the burden of not
only paying for their own share of price increases, but also of shouldering the amount
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that is lost owing to the fact that the rich people stop contributing because they go
solar, as this investment yields a good return, since self-generation is now cheaper than
purchasing kWh from the grid. Moreover, the poorer part of the population might leave
the system altogether, because they simply cannot afford the rising price per kWh any
longer. Already now we can see an alarming number of advertisements in the classified
section of the newspapers, which indicate that many people, especially in the poorer
areas of Windhoek and other cities, are losing their houses because of unpaid municipal
bills.

NamPower seems to anticipate that tax-payers’ money can be used to cover the gap
between NamPowers’ investment capability and investment necessity, which they call
“shareholders’ contribution”, but which is in fact tax-payers’ money. However, here one
has to take into consideration that the 33% portion of electricity users and approximately
13% of the population who are income-tax payers are more or less the same group of
people, and thus the money will have to come from the same pockets.

Structure of Supply now = 2015

Import

+
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Figure 6: Nam$ 2,6 billion are leaving Namibia per annum
Source: Figure compiled by Amusha based on NamPower (2015:67).

Approximately Nam$ 2,6 billion are leaving the country in this financial year to pay for
electricity purchases (Figure 6). This amount is partly financing generation infrastructure
in countries such as Mozambique, South Africa, Zambia and Zimbabwe from where
the kWh are bought. As soon as the relevant authorities in Namibia introduce net
metering on National level and put the Renewable Energy Feed-in Tariff (REFiT) in
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place nationwide, this amount can stay inside the country and finance the building of
decentralised, renewables-based infrastructure for Namibians. This will also mean that
in the long run, Namibians will benefit from other Namibians buying electricity, and
prices can remain stable over long periods of time because the very source of power
is free and forever available. This will, of course, also have a significant impact on
the planning of grid infrastructure because a decentralised, RE-based supply system
needs local and regional transmission, rather than power-highways over thousands of
kilometres.

Europe is now moving away from centralised, fossil-based electricity generation and
distribution at a cost of tens of billions of Euros for the transition. Namibia has not
yet made the mistake of going the same route of setting up a European solution to the
African problem of supplying a widespread population with power. Thus, instead of
first paying for the dinosaur concept and afterwards for the transformation in a modern,
decentralised, renewables-based electricity supply system, we can jump the stairs and
go directly into a future-oriented, decentralised renewables-based system.

6 What Needs to Be Done

Many municipalities use a mark-up on water and electricity to finance their general
services and to cross-subsidise some services that do not recover the expenses allocated
to them on their own. This is a bad habit from the period before independence and needs
to stop. Namibia needs a structural reform to give financial means to municipalities and
local authorities to fulfil their duties. In other countries a portion of the income tax and
VAT are remaining in the regions where they are being generated. Sometimes also a
system to balance the income between ‘rich’ and ‘poor’ regions needs to be introduced
because in such a system an area with lots of mines will logically be much better off
than another region with predominantly subsistence farming as main source of income.
In order to curb rural-urban migration, we must invest in the improvement of people’s
lives in the regions. This will in the end be much cheaper than dealing with the problems
arising from hundreds of thousands of people coming to the cities in search of a better
life.

6.1 Energy Efficiency First

It does not really make sense to generate electricity with an expensive set-up and then
waste it. Therefore we need to review our building codes nationwide, make solar water
heaters (SWH) compulsory for all houses in Namibia and introduce other measures to
save electricity, such as bringing LED-lights in and shifting high energy-consuming
processes to the times of the day when electricity can be generated from PV and be used
directly on the spot. These and other aspects of demand-side management (DSM) can
save the nation hundreds of megawatts capacity, which can be used more productively
for other purposes.

Smart grid management requires energy efficiency at a higher level, usually deploying
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software that can analyse and predict the needs of most users in a given area at a particular
time and adjust the supply accordingly. In Namibia this can be done in comparatively
small units, such as villages, suburbs or sections of industrial areas.

Also, tariffs can be used as a tool to adjust electricity demand to the capabilities of RE
technology. There is nothing wrong with making a commodity more expensive at a time
of the day when it is more expensive to supply, e.g. in the evening. In such a set-up,
industry would certainly develop many solutions and tools to use electricity sparingly
in order to keep the cost down.

6.2 Work Out a Desired Generation-mix Between Various RE
Technologies

Different technologies have different advantages and disadvantages. While PV is
comparatively cheap and proven technology, it only generates power when the sun
shines. Storing electricity in batteries is — despite recent reports about considerable price
reductions — still expensive. Concentrated solar power (CSP) can absorb a lot of solar
energy during the day — at a much higher rate of efficiency than PV — that can be stored
in the form of heat until the sun goes down or is covered by clouds. Wind is the cheapest
of all RE technologies, but is hardly foreseeable and needs therefore to be supplemented
by solar power, as well as bush-to-electricity, biogas and other non-erratic technologies,
to be able to contribute meaningfully to the national energy supply mix.

In order to attract private investment in all the various technologies, a system must be
implemented that equalises their differences in price per kWh generated and still makes
it profitable to invest in all of them as far as they can contribute to the national electricity
supply.

Since any renewable technology is cheaper over time than fossil or nuclear energy,
because the very source of renewable energy is free and abundant, it is only a question
of time when renewables will beat fossil energy in price (Figure 7).
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How to Finance RE & EE in Namibia
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Figure 7: How to finance RE and EE in Namibia: RE is much cheaper and more
sustainable
Source: Figure compiled by Amusha (2014).

6.3 Equalise the Difference Between Different Technologies

A public fund, set up to subsidise every kWh generated from renewable sources up
to break-even point, can serve as an incentive for investors by offering an insurance
against losses. As soon as break-even is reached, the owner, who raised private capital
in the first place to build the generation capacity, would have to pay half of the profits
made back to the fund in order to enable the fund to finance other projects, promote
research and development, and issue bursaries and finance to train Namibians, who will
be needed all over the country to install, run and maintain renewable energy generation
systems as well as mini and micro networks. The fund should also be used to take the
initiative to increase the deployment of RE and EE technologies in Namibia. At a later
stage, when the initial amount has been paid back into the fund, the profits can either be
paid back to state coffers or they can be used as a basis to introduce the same system in
other countries in the SADC and beyond, thus generating profits for Namibia.

6.4 100 000 Roofs Programme

One of the first initiatives that laid the ground for Germany to become the leading
nation in the world with regard to renewable energy deployment, was the 100 000
Roofs Programme. In Namibia, such a programme would generate more than double
the number of kWh compared to Germany for the same amount of investment, because
of Namibia’s very high solar regime.
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A programme, which would encourage anyone who has a roof or a piece of land to put up
some PV panels, would most likely supply far more than the private usage of electricity
in the country. It would also channel some more income to those small investors, and
this would directly benefit the Namibian middle class. Remember: 2.6 billion Nam$ are
leaving the country in 2015 alone!

6.5 5-50 MW Photovoltaic generation (PV)

For industrial use, bigger PV systems should be installed. The size and location should
be defined in accordance with the electricity demand and grid capacity in a particular
area. Such power plants could be financed and run as private enterprises or by consortia
ofthe users, like for example in the German town of Schonau and Feldheim. As electrical
storage becomes more and more affordable, such privately owned powe