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Abstract

Energy plays a crucial role regarding Sustainable Development and
the achievement of the Millennium Development Goals (MDGs), with
renewable energy options located at the nexus between goals 1-6 and
goal 7. Increasingly, this tension between human development (in-
cluding economic growth) and environmental sustainability is being
played out in cities: most of the world’s population will live in ur-
ban settlements by the end of the century, a majority of which will
be located in developing countries. Thus, cities and towns become
increasingly important, as they are located at the strategic interface
of energy planning and project implementation. Before this back-
ground, it is the aim of this dissertation to substantiate a threefold

Hypothesis.

Firstly, it is hypothesised that the municipal energy planning
process in developing cities can have a greater impact on
socio-political aspects than in Northern cities, if certain ca-
pacities are available or very clear consequences of energy
decisions or inactions are given. A comparative analysis of two
case studies regarding a city in the North (Aachen) and a city in the
South (Cape Town) is presented. Results show that renewable energy
planning emerged in Aachen driven by environmental concern. On the
other hand, Cape Town is preoccupied with energy related challenges

tightly linked to socio-economic development issues.

Aachen’s planning process is efficient, and the relationship to its pri-
vate partner is well established and organised. Aachen’s energy plan-
ning process can be qualified as mature, rigid, and institutionalised,
yet still being driven by the vision of a pioneering city.

Cape Town’s renewable energy planning process can be qualified as
not fully coordinated or dualistic, as on the one hand, it has a well de-
veloped strategic approach regarding its public component, but on the
other hand, the planning process is flexible and improvised, especially
in its collaboration with different private partners.



Secondly, it is hypothesised that by developing a detailed un-
derstanding of energy needs, and coupling these to a set of
renewable energy options, a meaningful process of social up-
liftment and economic development is enabled. The emerging
concept of energisation is investigated. Based on insights won, an
economic model and a checklist for the drafting of technical energy
supply systems are developed, embedding a reframed concept of sus-
tainable energisation. Furthermore, a Material Flow Analysis (MFA)
of wood fibre based materials is performed for Cape Town. It is found
that the city possesses a wealth of renewable energy resources within
its boundaries, coupled to important linkages between formal and in-
formal activities.

Thirdly, it is hypothesised that innovative deployment of Infor-
mation Technology (IT) supports the identification of energy
conversion options, unknown to the energy planner, but nec-
essary for meeting energy demand efficiently. A model and a
software tool for creative option generation were developed, includ-
ing state-of-the-art search engine technology and the concept of data
mining. It is demonstrated that semantically linked keyword chains
can be generated based on two distinct starting points, and that this
property can potentially be used for the generation of novel renewable
energy projects.

Summarily, it can be stated that by carrying out a comparative anal-
ysis of two case studies, insights were won regarding the importance
allocated to socio-economic development needs in the renewable en-
ergy planning process of Southern cities as stipulated in Hypothesis 1.
Subsequently, a basket of insights, models and tools were developed
by substantiating Hypotheses 2 and 3, helping urban energy planners
to understand and link energy needs, renewable resources and tech-
nology options, in such a way that it enables a more encompassing
approach to and sustainable energy provision of urban dwellers in
developing countries.
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Foreword

This dissertation aims to provide a novel approach to one of the most
pressing issues of our time, that of renewable energy, in the context of
huge development needs of billions of urban dwellers. The approach
is a systematic, cross-disciplinary and integrative one, making use of
cutting edge information technology. The dissertation has therefore
been created using hyperlinks in order to enable the reader to follow
the ideas developed within this dissertation in an order different to
the overall structure. A hypertext version of the dissertation has
been created using the typesetting system LaTeX, and is available as
a digital copy on the CD at the back of this dissertation.

Furthermore, a software tool has been developed for the steps un-
dertaken in Chapter 8. A copy of this software tool is available on
request. The software tool is not an integral part of this dissertation,
and should be considered as a supplement to Chapter 8, allowing the
reader to estimate the programming efforts deployed for the realisation
of the tool. It should be noted that the software tool is a prototype,
has not been optimised regarding user friendliness, requires a num-
ber of installation steps, and is reliant on license agreements with 3rd
parties. It is available on request for academic purposes only and may
not be used for commercial gain.
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Chapter 1

Introduction

1.1 Background

The end of the 20th century witnessed an unprecedented change in the pattern
of human settlements. Today, at the start of the new millennium and for the
first time in history, more people live in cities and towns than in rural areas.
Africa, currently the least urbanised continent, will have almost two-thirds of its
population living in urban areas by the year 2025, as it is projected by the UNDP
(2004a).!

This rapid concentration of hundreds of millions of people has placed an ex-
traordinary strain on the ability of governments - both municipal and national -
to meet the needs of city dwellers for basic services. For the urban poor in de-
veloping countries, the most threatening environmental problems are those close
to home: lack of access to clean water, accumulating garbage, and a lack of ac-
cess to modern energy services?. Deficiencies in the provisibn of urban services
are caused by several factors: the rapidly increasing size of cities, the high con-
centration of the poor, and the inadequate management and technical skills of
municipalities to deal with the accelerating growth in demand for urban services
(UNDP, 2004a).

At the same time, the United Nations (UN) committed themselves to the

1For more detail, see Section 2.2.3 in Chapter 2.
2see Section 2.2.2.4
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achievement of eight so-called Millenium Development Goals (MDGs)!, which
range from halving extreme poverty to halting the spread of HIV/AIDS and
providing universal primary education, all by the target date of 2015 (UN, 2000).
Although none of eight goals deals explicitly with energy, access to adequate
energy services plays an essential role in the achievement of the first six, whilst
renewable energy is fundamental to goal 7: achieving environmental sustainability
(UNDP, 2005). v 7 -

Global efforts are made to meet the goal of environmental sustainability
(MDG?7) through the restructuring of industrial and urban systems. New policies
and legislation regarding the promotion of use of renewable energies are emitted
(see e.g. DME (2002b) and BMU (2004)), industrial production standards such
as the ISO 14000 series are introduced, concepts of Cleaner Production, Indus-
trial Ecosystems? and Waste Minimisation are developed and implemented (see,
e.g. Ayres & Ayres, 2002), all of these in order to close material cycles and power
these cycles with efficiently used renewable energy?.

At the interface of these two fields of environment and development, facing
the needs of their population and being tied to the achievement of global devel-
opment goals®, municipalities realise the key role they are playing. A number
of prominent, large cities such as New York, Beijing, Manila and Cape Town
have recently committed themselves to ambitious renewable energy targets (see,
e.g. SEA, 2003a); some pioneering cities such as Seattle, Aachen and Dubai
have already accumulated some experience in the implementation of Renewable
Energy (RE) projects (see, e.g. CPI, 2003).

It is the point of departure of this dissertation that, as this RE transition gets
in motion in more and more cities, there is insufficient capacity at the core of the
urban planning processes® to innovatively overcome these emerging and growing
challenges discussed above. There is a real danger that aggressively marketed
renewable energy solutions can be uncritically purchased by decision-makers in
the municipalities; those solutions may not represent the most efficient ones for

1see Section 2.2.2.1
2see Section 2.3.1.1
3see Section 2.2.7
4see Section 2.2.2
Ssee Section 2.2.4
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the needs to be met, resulting in a misallocation of resources, and undermining
the cause of sustainable energy development.

The development of energy supply scenarios is acknowledged to play a key
role in energy strategy decision making (and there is a large number of energy
planning tools available to support this!); the planning of energy use scenarios
is unfortunately too often limited to matters of efficiency only, with many plan-
ning bodies not realising their key role in economic development beyond a broad
infrastructural need. This idea is perhaps best captured in the concept of “en-
ergisation”, as used in South Africa’s Integrated Sustainable Rural Development
Strategy (DME (2000); Prasad (2006)), and needs to be explored further.

It should be noted that there is a fundamental difference between the en-
ergy planning process in cities and towns in developed (Northern) and develop-
ing (Southern) countries. In Northern cities, existing energy infrastructures are
modified in order to become more environmentally sustainable, whereas in fast-
growing southern cities, new infrastructures need to be put in place. Furthermore,
Northern cities can fall back on a strong technical and scientific basis. On the
other hand, Southern cities are confronted with huge development needs and po-
litical instable systems (see, e.g. Delany & Varga, 2002). Besides this, it has
to be mentioned that the relation between energy planning and an energy plan
eventually being implemented depends strongly on the political ability of imple-
mentation. This phenomenon is known as the administrative or implementation
gap (Chapel, 1977).

1.2 Problem Statement

Against the background presented above, it is suggested that the creative gen-
eration of possible energy supply and use options plays a critically enabling role
within the process of energy planning at the municipal level. It is here that a
foundation for a locally most relevant energy plan can be set-up. Uncritical appli-
cation of models that are unconsciously built on OECD-type energy supply and
demand, dating from a time of economically driven decision-making, neglect of

1gee Sections 2.2.4 and 2.2.5
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external costs, and cheap crude oil needs to be avoided. This realisation leads to
the formulation of the following problem statement informing this dissertation:

As more and more cities the world over are realising the massive
implications that their energy infrastructure planning and implemen-
tation processes have both on economic and social development of
their constituency, and on environmental sustainability, and try to ad=-
dress this by setting renewable energy targets, so will it be recognised
that there is insufficient capability to creatively seek out technical
solutions to energy use and supply which go beyond choosing from
a poor short list of renewable supply options that typically reads:
“wind, solar, biomass, hydro” (see, e.g. Geller, 2003).

1.3 Objectives

Building on this problem statement, it becomes clear that if large numbers of
municipalities in developing countries were to set themselves renewable energy
targets, there would need to be a significant injection of creative technical capac-
ity into their planning processes. Technology option generation and pre-selection
divorced from a detailed understanding of energy needs and available renewable
resources leads to a paucity of renewable energy project options that can be fed-
back into the decision-making process. It may not be allowed that only then
pre-selected technology options are analysed against a broader decision-making
framework; rather, project option generation needs to be informed by both the
assessment criteria, and by a detailed understanding of needs and renewable re-
sources.

The ultimate goal of this dissertation is to research methods that can enrich
the urban energy planning process in developing city contexts. In order to do
so, the dissertation aims to develop insights into the key characteristics of energy
planning and implementation in such cities, so that eventually, these aspects can
formally be integrated as early as possible into the planning process.
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1.4 Hypotheses

As emerges from the above discussion, it is hypothesised that the transferability
of existing western energy planning methods is very limited because they:

i) Do not implicitly consider typical features of fast-growing cities, nor are
they informed by urban development issues,

ii) Have only recently started to systematically include renewables into their

ambit, and

ili) Focus heavily on the supply side, covering demand only in terms of efficiency

and load management, but not for its socio-economic energisation potential.

However, it is not the objective of the work to set out to prove these points, but
rather to contribute to the development of an alternative, richer, more powerful
and more appropriate planning process for the cities of the global South. In the
context of this objective, it is hypothesised that:

1) The municipal energy planning process in developing cities can have a
greater impact on socio-political aspects than in Northern cities, if cer-
tain capacities are available or very clear consequences of energy decisions

or inactions are given;

2) By focusing strongly on detailed socio-economic development needs and
coupling these directly to renewable energy supply options, environmentally
sustainable and socially meaningful development can be enabled by the

energy planning process;

3) The approach described in 2) will benefit from the use of computer-aided
synthesis of options, informed from the emerging fields of Combinatorial
Process Synthesis, Data Mining, and the Use of Search Engines.
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1.5 Approach and Methodology

To gather and evaluate evidence in support of the Hypotheses set out above, a
methodology structured into work phases and working modules was developed
so as to generate insights in relation to Hypothesis 1), and to demonstrate the
approach suggested by Hypotheses 2) and 3). As can be seen in Figure 1.1, the
methodology has been split. into_three work phases (WPI-III), and seven work-.
ing modules, each corresponding to a chapter of this dissertation (Chapter 2-8),
excluding the introduction (Chapter 1) and the conclusion (Chapter 9). Further-
more, plain arrows in Figure 1.1 represent primary information flows between
the different elements - i.e. information based on which a subsequent research
task will be carried out -, whereas dashed arrows represent secondary information
flows, - i.e. information used for illustrating specific research tasks.

Basically, three different work phases can be identified. The first work phase
(WP I) resulted in Chapter 2, which elaborates the background and introduces
the theory necessary for understanding and undertaking the further research tasks
carried out in this dissertation. The second work phase (WP II) resulted in
Chapters 3, 4 and 5, which aim at identifying the differences between renewable
energy planning approaches of Southern and Northern cities. The third working
phase (WP III) resulted in Chapters 6, 7 and 8, which aim at enriching the
Southern energy planning approach based on insights won during the second
work phase (WP II).

1.5.1 Work Phase I: Introducing the Scientific Basis

Chapter 2 elaborates the conceptual framework in terms of background informa-
tion, and introduces theory and methods upon which the following Chapters will
be developed. Although it is not the primary aim of Chapter 2 to substantiate
any of the three previously defined Hypotheses (Section 1.4), a significant con-
tribution towards Hypothesis 1 will be made by giving the background to urban

energy planning in Section 2.2.4, followed by a short discussion.
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1.5.2 Work Phase II: The Differences in Northern and
Southern Planning Approaches

The aim of the next three Chapters is to understand the differences in the energy
planning approaches for cities in the South and the North. The first two Chapters
provide case studies! for a city of the South and a city of the North, forming the
basis for the analysis which will be carried out under Chapter 5.

The aim of the case study on Cape Town (Chapter 3) is to develop insights
into the energy planning process at the municipal level in Cape Town. It shall
be highlighted that Cape Town is the leading city regarding sustainable energy
provision in Africa. It is the first African city to release an Energy Strategy (SEA,
2003a), as well as providing the first attempt to systematically collect energy
related data, gathered in Cape Town’s State of Energy Report (CCT, 2003). Cape
Town displays on a transparent basis all aspects of a developing African megacity.
The Energy Strategy and the Integrated Waste Management Plan (IWMP) of
the City of Cape Town shall be used as an example for the goals and visions
in the energy sector of a growing megacity in a developing country. Certain
capacities such as an active City council and an active information infrastructure
are available within the City of Cape Town, which can potentially affect the
impact of energy planning on socio-political aspects.

The purpose of the case study on Aachen (Chapter 4) is to produce a similar
study for a city in a developed country. The role of Aachen in this case study
is not to be comparable to the City of Cape Town in terms of its size and en-
ergy utilisation patterns, but rather to be representative as a leading western
city regarding the implementation of advanced renewable energy concepts. The
development of the Aachener Model at the beginning of the 1990s, which lies at
the basis of the current German Renewable Energy Sources Act (Erneuerbare-
Energien-Gesetz (EEG)), forms one cornerstone of Aachen’s renewable energy
history. Moreover, a currently planned wood gasification plant by the City of
Aachen is an unprecedented project in terms of size and technology regarding the
provision of urban dwellers with renewable energy.

lgee Section 2.3.1.2
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A comparative analysis of the two case studies (Chapter 5) will lead to the
identification and delimitation of typical Southern and Northern features in the
energy planning process on the municipal level. Importantly, a mutual Memo-
randum of Understanding has been ratified by the two city councils, setting out a
collaboration in the energy and environmental sectors against the backdrop of the
principles of the Local Agenda 21 (LA21).! Eventually, this analysis will provide
the basis for any further research tasks undertaken under work phase III.

1.5.3 'Work Phase III: Enriching the Energy Planning Pro-
cess for Southern Cities

Based on the results obtained for work phase II, work phase III aims at enriching
the renewable energy planning process for cities of the South. Embedded in a
Multiple-Criteria Decision Making (MCDM) framework (see Section 2.3.2.1), the
urban energy planning process will be revisited at different levels in order to
render it more efficient and its outcomes more sustainable.

In Chapter 6, the emerging concept of Energisation is investigated. The goal
is to analyse the differences in energy demand for the poor in developing coun-
tries, and to understand the frameset necessary for enabling social and economic
upliftment. Although the concept has mainly been utilised in rural contexts, its
transferability to cities and towns will be tested. Moreover, a checklist shall be
developed, enabling energy planners to implement the aspects of energisation into
the technical drafting process of the energy supply system. Secondary informa-
tion regarding the dynamics of the process of energisation will be drawn from the
investigation of peri-urban informal settlements in Cape Town under Chapters 3
and 7. Results will help to substantiate Hypothesis 2. |

In Chapter 7, an inventory of the material streams wood and paper will be
compiled, utilising the case of Cape Town, and applying the emerging method of
Material Flow Analysis (MFA) (see Section 2.3.2.3). Data regarding quantities
and qualities of these material flows have not yet beeh captured‘ in detail for
the Cape Metropolitan Area (CMA). Wood and paper are of special interest,
as they are significant contributours to the problematic of urban waste disposal,

Isee Sections 2.2.2.1 and 2.2.6
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while being potentially suitable for energy recovery. Their investigation promises
to yield insights into the availability of urban renewable energy sources, as well
as related networks in developing countries, and help to substantiate Hypothesis
2. Information obtained from the investigation of Cape Town'’s energy planning
process in Chapter 3 will be utilised for illustrative purposes.

Based on the method of Combinatorial Process Synthesis (CPS) (see Sec-

 tion 2.3.2.2), a model for the creative generation of options will be presented in

Chapter 8. By integrating methods stemming from the sector of Information
Technology (IT) - such as Data Mining and the Use of Search Engines (see Sec-
tion 2.3.2.4) -, a newly created software tool will be described, drawing on the
previously developed model. Its purpose is to produce stimuli for Southern en-
ergy planners for matching energy demand and renewable energy sources within
an urban framework via novel energy conversion routes. Results will help to
substantiate Hypothesis 3. A validation of the model and the software tool is
included, utilising experiments in two phases, namely the phase of exploratory
experimentation and the phase of verification. Experiments were designed using
data stemming from the investigation of the case of Cape Town (Chapters 3 and
7).

1.6 Outlook

The dissertation presented here imparts a detailed investigation into a field that
will grow in importance on a global level in the next few decades, which is the
field of sustainable energy provision.

A unique attempt is presented, aimed at comparing renewable energy planning
processes on the municipal level in cities in a developed and a developing country.
The links which are being knotted and enforced between the City of Cape Town
and the City of Aachen, amongst other things via their LA21-partnership, add a
special dimension to this aspect of the dissertation.

The outcome of this dissertation is expected to help enable meaningful market
penetration of renewable energy technologies on the municipal level by promoting
their position by arguments others than purely economic, especially environmen-
tal and developmental. The methods which will be developed in this thesis are

10
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the foundation for a set of powerful tools for urban energy planners in developing
countries in order to assist them in innovatively seeking out the most suitable
and sustainable energy provision means for a defined energy demand.

It is envisaged that the methods developed in this thesis shall be easily trans-
ferable to other cities in developing countries, so that the essence of this work will
have the most effective impact and contributes in its way to the improvement of
the standard of living of the global community.

11
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Chapter 2

Background and Theory

2.1 Introduction

In this Chapter, an overview is presented regarding the scientific context, the
theoretical basis, and the methods applied for the research undertaken in this
thesis. More detailed reviews of specific topics of interest are presented in the
appropriate Chapters and Sections of this thesis. In this Chapter, the reader
will be pointed to these Sections when appropriate. Although the presentation
of the background will follow a logical order, the presentation of the theory and
methods will be independent from each other, and will be referred back at a later

stage in this dissertation.

2.2 Background

The information presented in this Section represents the context and state of
knowledge upon which further development of this dissertation is carried-out.

The topics presented in this Section have been dealt with extensively in the
literature. Therefore, an emphasis will be laid on synthesis publications from UN
bodies and affiliated institutions, which typically contain hundreds of references
regarding academic publications.

Preliminarily, it should be noted that a concise overview regarding energy
and related issues is given in the World Energy Assessment (UNDP, 2000b).

13
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An update of the World Energy Assessment (WEA) has been released (UNDP,
2004b), amending findings, figures and developments in the energy field.
In this Section, an emphasis will be laid on African issues, as they are of

particular interest for this dissertation.

2.2.1 Global Energy Situation

As can be seen in Figure 2.1', annual energy consumption per person ranges from
less than 10 GJ to more than 300 GJ. The countries with the highest energy con-
sumption per person lie predominantly in North America, whereas the countries
with the lowest energy consumption per person lie predominantly in Subsaharan
Africa. Interestingly, Germany has an average per capita energy consumption of
150 to 300 GJ, whereas South Africa has an average per capita energy consump-
tion of 50 to 150 GJ. In 2004, global primary energy consumption amounted to
approx. 420 EJ (10 thousand million toe), and is projected to increase to approx.
630 EJ (15 thousand million toe) in 2030. In 2004, the highest share of primary
energy was oil with 35%, followed by gas and coal with 25% and 22% respectively.
The remaining 18% belong to renewables, nuclear and hydro, where renewables
account for approx. 10%. The proportionality is approx. kept for the projections
up to 2030.

On the other hand, fossil resources become scarce. The topic as to how long
global fossil resources will last has been and still is hotly debated. At this place, a
review regarding the different opinions will not be carried out. An example is the
theory regarding the prediction of the peak of oil production (“Hubbert’s Peak”)
developed by M. King Hubbert (see Hubbert, 1969). He predicted that the US
peak of oil production would be reached between 1966 and 1972 (it effectively did
in 1970). It is assumed that the global oil peak will be reached early in the 21st
century (see e.g. Heinberg, 2003). The case of renewable resource potentials will
be discussed under Section 2.2.7.1.

!Energy consumption per capita (2004). (2006). In UNEP/GRID-Arendal Maps and
Graphics Library. Retrieved 12:00, January 27, 2007 from http://maps.grida.no/go/
graphic/energy_consumption_per_capita_2004
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2.2.2 Energy and Sustainable Development

Sustainability and Sustainable Development are topics that grew in public aware-
ness during the last decades, and are at the focal point of the global political
agenda. These topics are complex and have established themselves as academic
research fields in their own right. At this place, these topics will not be discussed
in detail. Rather, their linkages to the topic of energy will be highlighted.

A number of good reviews exist Tegarding the concepts of Sustainability and -

Sustainable Development, i.a. by Mebratu (1998). For this thesis, the institu-
tional version of Sustainable Development will be utilised, and will be referred to
as “development that meets the needs of the present without comprising the ability
of future generations to meet their own needs” as given by the UN (1987) in its
report “Our Common Future”.

Sustainable Development policies address three general policy areas: eco-
nomic, environmental and social. In support of this, several UN texts, i.a. the
“Johannesburg Plan of Implementation” (UN, 2002), refer to the “interdepen-
dent and mutually reinforcing pillars” of sustainable development as economic
development, social development, and environmental protection.

After giving the global agenda for Sustainable Development, the three pillars
of Sustainable Development will briefly be introduced and analysed in the follow-
ing Sections regarding their linkages to the field of energy, emphasising the role
of cities and towns, as well as renewable energy sources.

2.2.2.1 The Global Agenda for Sustainable Development

In this Section, policy making regarding Sustainable Development will be docu-
mented by introducing a number of key-events and related outcomes in chrono-
logical order. By retracing the history of the development of the concept of
Sustainability, a better understanding of its relations to the fields of energy and
local action will be acquired.

Agenda 21 (UN, 1992a) is a comprehensive plan of action regarding devel-
opmental and environmental objectives to be taken at global, national and local
levels by organizations of the UN, Governments, and others. It was adopted by
more than 178 Governments at the United Nations Conference on Environment

16
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and Development (UNCED) held in Rio de Janeiro (Brazil) in 1992. Energy issues
are discussed throughout Agenda 21. It is highlighted that then ‘current’ levels
of energy consumption and production are not sustainable, especially if demand
continues to increase, and stresses the importance of using energy resources in a
way that is consistent with the aims of protecting human health, the atmosphere,
and the natural environment. '

The implementation of Agenda 21 was intended to involve action at interna-
tional, national, regional and local levels. Some national and state governments
legislated or advised that local authorities take steps to implement the plan lo-
cally, as recommended in Chapter 28 of the document. Such programmes are
often known as Local Agenda 21 (L A21) initiatives. The following principles
are fundamental to LA21 (Urquhart & Atkinson, 2002):

e Integration of social, economic and ecological issues

e A muiti-sectoral approach to problem solving, involving all sectors of the

community
e Taking a long-term view ‘of society and its problems
e Working within ecological limits to produce sustainable societies
e Local government and civil society partnerships
e Linking local issues to global problems and impacts
e Promoting equity, justice and accountability

The Millennium Declaration has been adopted by the UN (2000). It con-
tains the eight Millenium Development Goals (MDGs), which are as follows:

e Eradicate extreme poverty and hunger
e Achieve universal primary education

Promote gender equality and empower woman

Reduce child mortality

17
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e Improve maternal health
e Combat HIV/AIDS, malaria, and other diseases
e Ensure environmental sustainability

e Develop a global partnership for development

They form a blueprint agreed to by all the world’s countries and-all the world’s . -

leadmg development institutions. They have galvanized unprecedented efforts
to meet the needs of the world’s poorest (see also Section 2.2.2.4). In “The
Millennium Development Goals Report 2006” released by the UN (2006a), the
progress made in achieving the MDGs is presented. A report by the UNDP (2005)
addresses the fundamental role of energy in achieving the MDGs.

The key outcome of the World Summit on Sustainable Development
(WSSD) in Johannesburg (South Africa) in 2002 is the Plan of Implementation
of the World Summit on Sustainable Development (“Johannesburg Plan of
Implementation” )(UN, 2002). The plan basically reaffirms the commitment
of the participating parties to further build on the achievements made since the
UNCED, and to take concrete actions for the realization of the remaining goals.

The outcomes of the summit have been analysed and critiqued in numerous
academic publications, i.a. by Spalding-Fecher et al. (2005), emphasising the links
to the energy field in a paper entitled “Energy and the World Summit on Sus-
tainable Development: What Next?”. It is stated that although energy issues at
the Johannesburg WSSD had a higher priority than before, no institutional home
or programme to take the issues forward has emerged. Against the backdrop of 2
billion people living in energy poverty, main challenges regarding energy related
development issues remain the access to energy sources, while simultaneously
shifting to cleaner and safer energy solutions.

At the International Conference for Renewable Energies held in Bonn (Ger-
many) in 2004 (“Renewables 2004”), it was agreed by the ministers and gov-
ernment representatives of 154 countries to build upon the results and agreements
reached at the Earth Summit in Rio (1992), the Millennium Declaration and the
MDGs (2000), and the WSSD (2002). Furthermore, they reaffirmed to substan-
tially increase the global share of renewable energies of the total energy mix. The
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Policy Recommendations for Renewable Energies (UN, 2004) is one of the key
outcomes of the conference. The document provides decision makers with a menu
of policy options based on available experience and knowledge. With regards to
the role of local authorities, it is stated that, although national governments will
determine national legal frameworks, the implementation of renewable energies
takes place at the local level. Available options and possibilities for local govern-
ments are in line with the LA21, and are amongst others:

o Establish local building codes
e Strengthen stakeholder involvement in licensing, and prioritise siting
e Increase awareness and capacities

Utilise the power of public procurement

Establish public-private investment funds

e Address energy issues in other areas of local action

2.2.2.2 Energy and Economy

Energy is a required input and thus an engine for economic growth. As can be
seen in Figure 2.2, Gross Domestic Product (GDP) and energy use are tightly
interlinked, and have continuously increased since the 1970s for countries of the
Organisation for Economic Co-operation and Development (OECD). But whereas
primary energy use and GDP grew at the same rate until 1978, a decoupling of
both growth rates occurred afterwards, not any longer supporting their often
postulated one-to-one relationship (UNDP, 2000b).

The linkage between energy consumption and Gross Domestic Product (GDP)
has been the focus of extensive research for the past three decades, and will riot be
presented against the backdrop of this thesis. However, good reviews on related
theory are included to the publications by Cleveland et al. (2000), Geller et al.
(2006) and Lee & Chang (2007).

In an international comparison of selected countries as proposed in Table 2.1,
a simple relationship can be observed between GDP per capita and energy use
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Country GDP (2005) Energy Use (2003)

[ppPp current int. $/c*a] [GJ/c*a]

India 3,490 22

Ghana 2,400 17

China 6,570 46

Egypt 4,460 31

Brazil 8,730 45

Korea, Rep. Of 21870 180
United Kingdom 32,010 164
United States 41,850 329
Germany 29,310 177

Source: World Bank

Table 2.1: Annual per Capita GDP and Energy Use - Selected Countries

As can be seen in Figure 2.3!, CO, emissions per capita and country range
from <1 t/a to approx. 20 t/a. The highest emissions rates per capita emerge
from North America, Saudi Arabia and Australia, whereas the lowest emission
rates stem from developing countries situated in Subsaharan Africa, Asia and
South America. Interestingly, annual CO, emissions for Germany are about 9.5
t/a per person, and 7.5 t/a per person for South Africa. Moreover, the average
per capita CO; emissions for low income countries lie at almost 1 t/a, whereas
the CO; emissions for high income countries lie at approx. 12.5 t/a.

By combining these results with the explanations in Section 2.2.2.2, it be-
comes apparent that there is a relationship between energy consumption, eco-
nomic development, and CO, emissions. This relationship has extensively been
investigated from an academic perspective, and will not be presented in detail in
this dissertation. It is however worthwhile noting the hypothesis of the Environ-
mental Kutznets Curve (EKZ), which asserts that pollution follows an inverted-U
path with respect to economic growth (Suri & Chapman, 1998). From the per-
spective of the energy sector, economic growth would entail increased energy con-

!National carbon dioxide (CO2) emissions per capita. (2005). In UNEP/GRID-Arendal
Maps and Graphics Library. Retrieved 12:09, March 1, 2007 from http://maps.grida.no/go/
graphic/national_carbon_dioxide_co2_emissions_per_capita.
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sumption and related CO, emissions up to a certain point, beyond which energy
consumption and/or related CO, emissions would decrease (Richmond & Kauf-
mann, 2006). A main reason for this decrease is the shift of the economy from
industry to services, with a consequent decrease in pollution intensity (UNIDO,
2004).

Against the above backgrounds, it becomes apparent that policy making for
sustainable development especially in developing countries is a difficult trade-off
process between economic and environmental aspects. An increase of economic
output can be achieved via the increased consumption of fossil fuels, which would
in turn result in increased CO, emissions.

From the perspective of the energy sector, the solution to this catch-22 situa-
tion lies in the consideration of energy efficiency measures and renewable energy
sources. Robert et al. (2002) define these two approaches in a broader sense
against the backdrop of a systems model of essential elements for sustainable
development as the mechanisms of dematerialization, i.e. the reduction of ma-
terial flows, and substitution, i.e. the exchange of type/quality of flows and/or
activities. Interestingly, Geller (2003) analyses the challenges regarding the im-
plementation of sustainable energy measures. In his book “Energy Revolution -
Policies for a Sustainable Future”, he introduces a list of barriers to the adoption
of energy efficiency and renewable energy technologies, and subsequently proposes
a set of policy measures for overcoming these barriers.

With regards to the linkages between energy and climate change, a series of
policy documents have been released, and mechanisms have been created, with
the aim to reduce energy related GHG emissions and their malign effect on the
global climate. These documents and mechanisms are tightly interlinked with
the global agenda for Sustainable Development (see Section 2.2.2.1), and will be
briefly discussed in the following passage.

Next to the Agenda 21 (see Section 2.2.2.1), a further outcome of the UNCED
is the United Nations Framework Convention on Climate Change (UN-
FCCC) (UN, 1992b), and has as objective the stabilization of greenhouse gas
concentrations in the atmosphere at a level that would prevent dangerous an-
thropogenic interference with the climate system. Its objectives have a close
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relationship to the goals of sustainable development, and have linkages to the
framework of Agenda 21, i.a. regarding energy.

The Kyoto Protocol is an agreement made under the United Nations Frame-
work Convention on Climate Change (UNFCCC) (UN, 1998). Countries that
ratify this protocol commit to reduce their emissions of carbon dioxide and five
other greenhouse gases, or engage in emissions trading if they maintain or in-
-—crease emissions-of-these-gases.- The-Kyoto Protocol-finally-entered-into-force-on—---
the 16th February 2005.

Under Article 12 of the Kyoto Protocol, the Clean Development Mechanism
(CDM) is defined. The UN (1998) states that “the purpose of the clean devel-
opment mechanism shall be to assist Parties not included in Annezx I in achiev-
ing sustainable development and in contributing to the ultimate objective of the
[UNFCCC] Convention, and to assist Parties included in Annez I in achieving
compliance with their quantified emission limitation and reduction commitments
under Article 8”.

It shall be noted that both Germany and South Africa have ratified the Kyoto
Protocol. But whereas Germany is an Annexure I country, i.e. has to comply
with a quantified emission limitation, South Africa is a non-Annexure I country,
i.e. does not have to comply with a quantified emission limitation.

Building upon the principles embedded in Agenda 21, the International Coun-
cil for Local Environmental Initiatives (ICLEI) launched the Cities for Climate
Protection (CCP) campaign in 1993 (ICLEI, 2007). The CCP approach is de-
scribed in Section 2.2.4.2.

For further background information, consult Chapter 3 of the WEA (UNDP,
2000b).

2,2.2.4 Energy and the Poor

For the measurement of performance and development of a country, institutions
moved away from considering purely economic indices such as GDP, to combined
indices such as Human Development Index (HDI), which embrace aspects of
sustainability more holistically. The HDI is a quality-of-life index, accounting
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As has been recognised at the WSSD in Johannesburg (see Section 2.2.2.1),
2 billion people worldwide lack access to modern energy carriers, relying on tra-
ditional biomass energy carriers such as fuel wood and dung. In Figure 2.5!,
the share of traditional biomass consumption? has been represented against the
total energy consumption of African countries, including population size. The
majority of African countries meet more than 50% of their energy requirements

from biomass. North African countries as well as South Africa and Namibia meet

less than 25% of their energy needs from biomass. Countries with high popula-
tion sizes such as Nigeria and Ethiopa cover even more than 75% of their energy
needs from biomass. South Africa and Nigeria are the biggest energy consumers
in Africa, whereas they differ significantly in population size. These numbers
illustrate the importance of traditional biomass resources for African countries.
Exposure to indoor air pollution is a well-documented health risk associated
with the use of traditional biomass fuels. As can be seen in Figure 2.6, the global
exposure equivalent® has been represented for urban and rural areas in countries
grouped by HDI. The rural population in developing countries are most affected
by this pollution. The rural-urban differential in pollutant concentrations and
exposures is marked, as are differences between countries at different stages of
human development. According to UNDP (2004a), the urban-rural differential
is reversed in high-HDI countries, where exposures are higher due to the greater
amount of time spent indoors and due to building characteristics and materials.
“Addressing the Impact of Household Energy and Indoor Air Pollution on the
Health of the Poor: Implications for Policy Action and Intervention Measures” is
a paper prepared for the commission on macroeconomics and health of the World
Health Organization (WHO) (von Schirnding et al., 2002). This paper gives a
good overview on the linkages between social and health issues emerging from

1Woodfuel and energy consumption. (2006). In UNEP/GRID-Arendal Maps and Graph-
ics Library. Retrieved 12:54, February 8, 2007 from http://maps.grida.no/go/graphic/
woodfuel _and_energy_consumption.

2Although it has not been confirmed explicitly by the sources, the numbers represent the
consumption of exclusively traditional biomass fuels.

3 The global exposure equivalent is defined as the equivalent (particulate) concentration
that the entire world’s population would have to breathe continuously to equal the population
exposure in each micro-environment.
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the satisfaction of energy service demand of poor households. The mortality and
greenhouse gas impacts related to biomass usage in Africa has been analysed by
Bailis et al. (2005). It is estimated that household indoor air pollution will cause
an estimated 9.8 million premature deaths by the year 2030 if no substantial
transition towards cleaner and more efficient energy provision takes place.

The access to modern and appropriate energy supply has been recognised as a
- ....key enabler of poverty alleviation and sustainable development. in the developing. ...
world. Although no MDG has specifically been defined for energy issues, the
access to modern energy plays a fundamental role in their achievement (UNDP,
2003). A review on concepts and literature related to the energy transition of
developing countries is given by Elias & Victor (2005). The paper deals with
two different concepts of energy transition, macro and micro patterns regarding
energy and economic development, geographic and demographic factors, as well
as implications for human welfare. A detailed literature review regarding the
topic ‘Energisation’ is being carried out in Chapter 6, Section 6.2.1.

The sustainable usage of renewable energy sources is one approach for ad-
dressing the issue of energy transition in developing countries. The potentials of
renewables in Africa in terms of meeting energy needs of the poor are discussed
by e.g. Karekezi (2002) and Habtetsion et al. (2004). Modern energy provi-
sion to Subsaharan Africa (SSA)’s rural population via a Photovoltaics (PV)-led
renewable energy strategy is a considered option. Interestingly, Utria (2004) dis-
cusses the potential of ethanol and gelfuel as renewable cooking fuels for poverty
alleviation in Africa. His paper is based on the experience of the Millennium
Gelfuel Initiative (MGI), and concludes with a summary of a possible implemen-
tation framework, including the roles of the private sector, governments and the
international development community.

Although it will be shown in Section 2.2.3 that urbanisation will achieve its
highest rate in Africa, research regarding sustainable energy supply to the poor
mainly focused onto rural areas in Africa, a gap that will be addressed in this
dissertation. The issue of urban areas has been dealt with more in depth in e.g.
South America or Asia. In the following, the issue of urban energy usage in
developing countries will be introduced.
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In a study by the World Bank (2004), the relationship between urban growth
in developing countries and the decisions of urban households to select and con-
sume different kinds and amounts of residential energy has been investigated. It
has been found that in the earliest stages of a city’s development, urban dwellers
largely consume biomass-based traditional fuels. As cities develop and modern-
ize, the pattern of residential fuel consumption shifts, often to a succession of
transition fuels, such as kerosene or coal, and ultimately to the so called modern
fuels - Liquid Petroleum Gas (LPG) and electricity.

The choice and consumption of energy carriers varies significantly according
to the income class in cities in developing countries. As illustrated by Figure
2.7, the electricity and LPG consumption rise dramatically in the higher-income
groups. The relative consumption shares for wood, charcoal, and even kerosene
do not change dramatically with income for the 80% of the population with low
to moderate incomes. The persistence of traditional fuel consumption beyond
the lower income levels is surprisingly common for the cities in the considered
developing countries (World Bank, 2004).

Energy used
(KQOE per person per month)
20
15
10
5 |-
Wood _—
7 11 14 19 24 31 41 62 111 39
Income class (declle)
(dollars per person per month) o, 0. esmaP

Energy Surveys

Figure 2.7: Income Class and Fuel Consumption in 45 Cities - Developing Coun-
tries
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For further background information regarding the topic of energy and the
poor, consult Chapters 2 and 10 of the WEA (UNDP, 2000b).

2.2.3 Urbanisation

According to the World Bank (2001), the world population reached 6.1 billion
in 2000, and is growing at an annual rate of 1.2 per cent, or 77 million people

per year. By 2030, it is expected that 85% of the world’s population will live in
developing countries. More than half of the world’s population will be living in
urban areas by 2008, with 1/3 of city dwellers in developing countries living in
informal settlements.

As can be seen in Figure 2.8!, the highest urbanisation rates are observed
for Subsaharan Africa (SSA) and Asia and the Pacific. In case of the latter,
urbanisation is a parallel phenomenon to a substantial population growth, pro-
jected to reach approx. 4 billion by 2020. Africa is predominantly rural, with
only 37.3% living in urban areas in 1999. However, with a growth rate of 4.87%,
Africa is the continent with the fastest rate of urbanization (World Bank, 2001).
Although there is still an urbanisation trend noticeable for high-income countries,
the population growth rate decreases over the considered time period.

As can be seen in Figure 2.9, the developing world’s urban population is
still concentrated in small cities, but the large cities’ share is increasing. The
proportion of cities in the developing world with a total population of more than
five million? will rise from 4% to 15% from 1950 to 2015. Whereas the proportion
of cities with a size range of 1 to 5 million people will remain relatively stable, the
proportion of cities with a population smaller than 1 million will decrease from
78% to 59% over the same period of time.

Against the backdrop of a severe trend of urbanisation and the development
of megacities in the developing world, there is an increasing pressure on city gov-

1Trends and projections in rural and urban population in developing regions and
high-income countries. (2001). In UNEP/GRID-Arendal Maps and Graphics Library.
Retrieved 13:13, February 8, 2007 from http://maps.grida.no/go/graphic/trends_
and_projections_in_rural_and_urban_population_in_developing_regions_and_high_
income_countries.

2Commonly referred to as megacities.
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Source: World Bank, Waatington.

Figure 2.8: Rural and Urban Population by World Region, 1960-2025
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1950 1970 1990 2015
City size ranges

| W less than 1 milion 31 mitlion to 5millon I more than 5 mitlion |
Source: UN demographic data.

Figure 2.9: Urban Population in Developing World by City Size

ernments to provide adequate basic services and infrastructure to urban dwellers.
The Johannesburg Plan of Implementation (UN, 2002) stresses the importance of
“initiatives to strengthen national and local institutional capacities in the areas
of sustainable urbanization and human settlements, provide support for adequate
shelter and basic services and the development of efficient and ‘effectiv‘e governance

systems in cities and other human settlements”.

In a document by UNDP (2000a) called “Joint Venture Public-Private Part-
nerships for Urban Environmental Services”, the challenges of urbanisation of
the developing world are described with a special emphasis on responsibilities
of local governments. Public-Private Partnerships (PPPs) are introduced as
part of the solution to the upcoming challenges, and the progress of the United
Nations Development Program (UNDP) Public-Private Partnership for Urban
Environment (PPPUE) are described.
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2.2.4 Urban Energy Planning
2.2.4.1 A Brief History of Energy Planning

According to Gellings & Chamberlin (1993), traditional energy planning was
basically constrained to electric utility planning, and largely consisted of matching
expected customer load growth with adequate supply-side generating capacity or
energy purchases. Strategic planning happened mainly at national level. Local
authorities were mainly responsible for electricity distribution.

The oil price crises in the 1970s, and the shift of concerns regarding envi-
ronmental impact and decreasing fossil resources (see Sections 2.2.1 and 2.2.2.3),
gave rise to alternatives to supply-side options, such as Low Cost Planning (LCP)
and Demand-Side Management (DSM). Both address options for reducing the
need of additional generation sources.

DSM refers to interventions on the customer side of the energy supply chain,
and includes activities such as load management (the shifting of load from high
cost to lower cost periods - applies mainly to electricity) and strategic conservation
(energy efficiency measures) (see e.g. Gellings & Chamberlin, 1993).

The term Low Cost Planning is often used synonymous to the term Inte-
grated Resource Planning (IRP), which refers to the balancing of supply- and
demand-side options in order to meet energy demand at the least cost (Gellings
& Chamberlin, 1993). Furthermore, Geller (2003) describes the objective of the
IRP approach to provide services such as heat, light, refrigeration and motive
power - not energy per se - as cost-effectively as possible.

At the same time, the importance of renewable energy sources arose, because
of their low environmental impact in comparison with other (fossil) sources of en-
ergy, their non-finite character, and most importantly because of their flexibility,
supporting power system decentralisation and locally applicable solutions more
or less independent of the national network (see e.g. OECD, 1995).

Based on the stated backgrounds, the concept of Integrated Energy Planning
emerged, implying that energy planning should be integrated with the overall
economic planning and policy analysis. An integrated approach to energy plan-
ning seeked no longer at a separate planning for energy subsectors, but aimed at
understanding the links between energy supply and demand sectors, and between
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energy and macro-economic factors and socio-economic objectives (Eberhard &
Van Hooren, 1995). The principles of Integrated Energy Planning find application
on national, regional and local level.

2.2.4.2 Local Energy Planning Concepts

The energy planning process at local level must be coordinated with other plan-
ning activities; i.a: regional development-and environmental-management. Ni-
jkamp & Perrels (1994) gives a list of objectives for the different sectors, and
states that these objectives are by no means independent from each other:

1. Objectives in Energy Planning:

e Low-cost supply

Efficiency of use

Use of renewables

Use of indigenous sources

Reduction of imported energy

Technology improvement
2. Objectives in Regional Planning

e Labour market
e Technological innovation

e Socio-economic welfare

Regional development
e Amenities

e Land-use and physical planning
3. Objectives in Environmental Management

o Effective resource management

e Reduction of pollution
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e Restructuring of industrial processes

e Ecological variability

It is furthermore stated by the OECD (1995) in the “Urban Energy Hand-
book” that the evaluation of the potential of renewable energy resources in terms
of available energy and costs must happen both in the city and the surrounding
area, and is an essential part of the urban energy planning process. This process
is commonly referred to as “Mining a City”.

The list of renewable energy sources considered usually comprise a set of

standardised elements. As an example, OECD (1995) presents the following:
e Solar energy (passive solar, solar thermal, photovoltaics)
e Biomass energy (waste incineration, transport biofuels)
e Wind energy

In the following, three approaches for sustainable cities and one technical en-
ergy planning concept will be introduced, proposed by internationally recognised
organisations, i.e. UNDP, ICLEI, US Department of Energy, and International
Energy Agency (IEA). Whereas the three approaches for sustainable cities pro-
vide frameworks within which the development of energy strategies can take place,
the technical energy planning concept provides a detailed guideline for the im-

plementation of such strategies.

Green City Program A broad initiative is the Green City program led by the
UNDP, which looks not only at energy, but the broader issues of sustainability.
A Model Green City is defined as “a city where environmentally lasting solutions
have been found for human activity, economic development and environmental
management. The aim is to achieve development that is both pro-people and

pro-nature, to protect the interests of future generations” (UNEP, 2002).
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5-Milestone Plan Cities participating in the Cities for Climate Protection
(CCP) campaign undertake a 5 milestone process. The milestones allow local
governments to understand how municipal decisions influence energy use, and
how these decisions can be used to mitigate global climate change while enhancing
community quality of life. The five milestones are as follows (ICLEI, 2007):

1. Complete an inventory of local GHG emissions,

2. Set a goal for reducing emissions,
3. Develop a plan to achieve the goal,
4. Implement reduction measures,

5. Monitor progress.

Local Action Plan The Sustainable Cities Project, a US Department of En-
ergy initiative, has produced a workbook, “Sustainable Energy: A Local Gov-
ernment Planning Guide for a Sustainable Future”, which summarizes the ex-
periences of several cities such as Portland! in developing energy plans (DOE,
1992).

The following is an extract from the workbook, and provides suggestions for
preparing an action plan:

1. Determine how much you spend on energy.
2. Designate or create a lead office.

3. Link energy programs with community goals.
4. Build grassroots community support.

5. Don’t reinvent the wheel.

6. Prioritize actions and develop a draft plan.

7. Implement the plan.

1Extensive information on energy related urban programmes are available at the Office of
Sustainable Development of the City of Portland, http://www.portlandonline.com/osd/
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As can be seen in Figure 2.10, the planning process is an iterative process,
which can be divided into 6 phases, namely the phases of preparation, orientation,
main study, evaluation & decision, implementation, and supervision & monitor-
ing. The main emphasis in this dissertation will be laid upon the main study
phase. According to IEA (2004), the main study deals with the comprehensive
analysis of the energy system aimed at medium to long-term strategic planning.
~_ The different steps of the main study phase are the following:

1. Definition of the structure of the comprehensive model (e.g. the Reference
Energy System (RES))

2. Compilation of the model database

3. Calculation of scenarios and strategies
4. Integration of subsystem analyses

5. Sensitivity analysis

According to IEA (2004), the interaction between comprehensive studies and
subsystem analyses must furthermore be accompanied by the use of models, which
are simplified mathematical representations of the energy flows and costs of an
actual (technical) energy system (see Section 2.2.5).

2.2.4.3 South African Approaches to Sustainable Cities

There are a number of South African approaches similar to the three approaches
for sustainable cities presented in the previous Section. Three documents dealing
with the issue of local/urban energy planning in South Africa will be briefly
introduced and analysed regarding the implementation of Southern development
issues.

“The Energy Book for Urban Development in South Africa” is a publication
by Ward (2002), giving a concise background on global and South African energy
issues and trends, stretching from climate change to CCP campaigns. Next, a
strong focus is made on household energy issues and community activism, in-
troducing financing mechanisms, appropriate end-user technology and efficiency
measures. Linkages to commercial and industrial urban activities are neglected.
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to investors (Bridgwater, 2003). In 2003, applications were economically viable
only when waste materials were used as input feedstock (Bridgwater, 2003). The
most interesting way is the co-firing of biomass in existing coal-fired power plants
(Steger et al., 2005).

A much discussed technology in terms of future potentials is the gasification
process, especially because of its diversity of possible energy products. The ob-
tained syngas can be further converted into electricity, heat, and secondary fuels,
such as hydrogen, methanol, and Fischer-Tropsch diesel (Steger et al., 2005).!
In 2003, there was very little information on costs, emissions, efficencies, and
operational experience regarding the gasification technology (Bridgwater, 2003).

From the thermal conversion perspective, fast pyrolysis gains currently in
interest with regards to the production of liquid fuels (Bridgwater, 2003).

Anaerobic digestion is the most commonly used technology for converting
high-moisture wet biomass to energy, and its utilisation for the production of
methane has been technically succesful at a variety of scales in developed and
developing countries. Especially in the developing world, low costs and the sim-
plicity of small-scale digestion made it an attractive energy conversion option
(Sims, 2002).

The production of ethanol from the fermentation of sugar-rich biomass has
been widely used in Brazil and the USA, either neat or blended with gasoline, for
over two decades (Sims, 2002). The conversion route is however considered a less
attractive option for European conditions in terms of chain efficiency and costs
(Steger et al., 2005).

The production of biodiesel obtained from the esterification of vegetable oils
and waste cooking oils has been extensively studied (Amigun et al., 2006). Biodiesel
is currently commercially available in several countries (Sims, 2002).

The production of alcohol from wood via enzymatic hydrolysis is a promising
technolgy, and is currently under development (Steger et al., 2005).

Interestingly, Hamelinck (2004) assesses the technical and economic potentials
of biofuels other than 1st generation ethanol and biodiesel. After a preliminary in-
vestigation of feedstock costs, potentials of hydrogen, methanol, Fischer-Tropsch

INote that for the case of Aachen (Section 4.5), technical knowledge regarding the gasifica-
tion process is helpful.
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Synthesis (FTS)-liquid fuels, and ethanol produced from biomass are analysed
and compared.

Against the backdrop of increasing volumes of waste especially in urban ar-
eas, Murphy & McKeogh (2006) propose an integrated waste treatment system
for the production of energy. A combination of three subsystems for the respec-
tive treatment of agricultural slurry, Municipal Solid Waste (MSW), and sewage

sludge is proposed. It is concluded that a system designed for treating the waste

from 1,000,000 Person Equivalent (PE) could power 12,400 cars, provide electric-
ity for 30,900 houses and heat 15,100 houses. Put differently, this means that the
energy recovered from waste generated by a certain population® suffices to supply
approx. 10% of the same population with electricity, and 5% with heat.

2.3 Theory and Methods

In this Section, theory will be introduced upon which specific components of this
thesis are based. This will be followed by an introduction to methods that are
applied in specific research tasks. None of these Sections stay in direct relation
to each other, and do not follow a defined order. It will be drawn upon this

information at later stages in this thesis.

2.3.1 Theory
2.3.1.1 The Theory of Urban Ecosystems

Since this dissertation engages with flows of energy in urban contexts, it is appro-
priate to introduce here the concepts of urban ecology and industrial metabolism.

According to Hughes (1974), the term ‘Ecosystem’ refers the totality of living
and non-living things on an area of the earth’s surface, interacting to produce a
characteristic flow of energy and cycling of materials.

Even though the city is commonly described in terms of economic activity or
intensified social interaction, Hughes (1974) proposed that it should be considered
as an ecosystem, as the city is closely linked to the physical and biological world

1 Assuming an average household size of 3
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both within its own boundaries and without. The main difference of an urban
ecosystem to other land ecosystems is its massive energy flow.

Husar (1994) states that in an ecosystem, the cycling of materials is main-
tained by three groups: producers, consumers, and decomposers. In a natural
ecosystem, most of the material is transferred from the producers (plants) to
the recyclers (bacteria); only a small fraction is passed through the consumers
to the recyclers. For urban ecosystems, the flow from the producers (firms) to
the recyclers is relatively small, as it is senseless to produce goods without being
consumed first.

Furthermore, natural ecosystems are characterised by the physical proximity
and functional matching of producers, consumers and recyclers. This proximity
allows the reduction of energy losses based on short transportation distances,
which enables the sustainable development of the considered ecosystem. On the
other hand, anthropogenic ecosystems are characterised by a physical displace-
ment between producers, consumers and recyclers, which requires a significant
amount of energy for transportation purposes (Husar, 1994). Note however that
cities are centres of collective human activity, which renders transportation dis-
tances typically shorter than in rural areas (Institute of Ecology, 1974).

Furthermore, Ayres (1994) states that the term ‘Metabolism’ in its original
biological context refers to the internal processes of a living organism. By analogy
between biological and industrial systems, based on the fact that both are i.a.
material processing systems driven by a flow of free energy, Ayres (1994) gives

the following definition:

An industrial metabolism is the whole integrated collection of phys-
ical processes that convert raw materials and energy, plus labour, into

finished products and wastes in a (more or less) steady state condition.

Whereas the metabolism of the earth is made of natural cycles that are closed,
flows of the industrial metabolism are typically open. In other terms, the indus-
trial system does not generally recycle its nutrients, which renders it inherently
unstable and unsustainable. The only two measures for addressing this unsus-
tainable state regarding waste materials are recycling and reuse (Ayres, 1994).
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2.3.1.2 Case Study Theory

Case studies are used extensively in humanities, natural sciences, social sciences,
pseudoscience and business (see e.g. Wikipedia, 2007a), and are especially useful
when it is the researcher’s intention to abstract theoretical insights from obser-
vations of complex systems that are not suitable for experimentation.

The utilisation of case studies became popular only in recent decades, and

can be understood as a research strategy,; sometinies likened to an experiment, a

history, or a simulation, though not linked to any particular type of evidence or
method of data collection (Yin, 2002).

A case study describes events in a framework within an environment. The
problems are not always highlighted or made clear; they emerge as the case
material is subjected to analysis (Rogers, 1978).

There is a number of different types of case studies, which are as follows
(Wikipedia, 2007a):

e Illustrative case studies
e Exploratory case studies
e Critical instance case studies

e Program effects case studies

Prospective case studies

Cumulative case studies

Narrative case studies

Embedded case studies

Of special interest in this dissertation is the illustrative case study. It pri-
marily describes one or a limited number of instances, and allows to start from a
general perspective and then highlight specific elements. Based on an analysis of
available data and interviews, its goal is to collect facts, opinions, points of view,
suggestions, and/or reactions to hypotheses and conclusions (EU, 2007).
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Moreover, a careful case selection is of paramount importance for generalizing
and inducting theory from case studies. The process of inducting theory stretches
from the specification of research questions to the closure of the case study. The
process is described as being highly iterative and tightly linked to data. The
approach is especially appropriate in new topic areas, as it is the case for specific
topics investigated in the context of this thesis (Einsenhardt, 1989).

A researcher might have to opt for single-case or multiple case research. By
evaluating the pros and cons of the two approaches, Eisenhardt (1991) concludes
that the similarities between both are more important than the differences. For
both, good storytelling is an essential first step, but good theory is fundamentally
the result of rigorous methodology and comparative, multiple-case logic.

In the context of this thesis, case studies are utilised for the comparison of
the renewable energy planning process in the South and the North (see Chapter
3 and 4), and the MFA of urban wood-fibre based material streams (see Chapter
7).

2.3.2 Methods

2.3.2.1 Multiple Criteria Decision Making

A method utilised to seek out the most suitable energy strategy option to meet a
specific energy demand is Multiple-Criteria Decision Making (MCDM). MCDM
methods deal with the process of making decisions in the presence of multiple
objectives (see Figure 2.13). A decision-maker is required to use multiple quan-
tifiable or non-quantifiable criteria to choose between several mutually exclusive
options. The criteria are usually conflicting and therefore, the solution is highly
dependent on the preferences of the decision-maker and must be a compromise.
In most of the cases, different groups of decision-makers are involved in the pro-
cess. Each group brings along different criteria and points of view, which must be
resolved within a framework of understanding and mutual compromise (Pohekar
& Ramachandran, 2003).

The use of MCDM in energy planning is widespread and well documented.
The use of MCDM methods has proved to be particularly useful in addressing
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Attribute Selection and Definition Attributes, or measures of goodness,
express the planning objectives to be considered in a given problem. The selection
of attributes to be included to the decision-making process is one of the most
critical tasks, as they need to reflect the perceptions of the participants, whilst
remaining quantifiable. Further issues regarding the selection of attributes include
the setting of boundaries, double counting, conceptual independence, specificity in
the attribute definition, and attribute proliferation. The presence of uncertainty

in the planning process can be expressed as a risk attribute.

Options Identification It is critical that decision-makers draw upon a mean-
ingful set of options in order to assure the best outcome of the MCDM process.
As too many options would render the process too complex, and too few op-
tions would not address all the facets of the problem, a set of options needs to
be selected which is representative for the different types of options and their
impacts.

As all options might not be known at the beginning of the MCDM process,
option selection needs to be iterative, so that new options can be fed into the
process at a later stage.

Moreover, the attribute selection and definition step has been placed before
the options identification step, because it potentially leads to a more objective-
focused selection of options. Further means for stimulating the generation of op-
tions is the definition of different scenarios regarding future development, the use
of mathematical programming models (e.g. the generation of a range of resource
mixes), and the application of methods borrowed from other disciplines, such as
the method of Combinatorial Process Synthesis (CPS) (see Section 2.3.2.2).

In order to assure a broad spectrum of options, it is important that the se-
lection process is not left to technical analyéts alone: an early involvement of the
public and a broad-based participdtion within the concerned organisations is of
paramount importance.

A typical outcome of the options identification step is a decision tree.

55






2.3 Theory and Methods

at classifying on a detailed technological level the different previously generated
conversion options by their suitability to serve a defined purpose, in line with the
objectives of the energy planning process. In this thesis, it will be focused on the
first stage of the CPS.

2.3.2.3 Material Flow Analysis

A Material Flow Analysis (MFA) is defined as the “gquantitative accounting of
material inputs and outputs of processes in a chain perspective” (Bringezu &
Moriguchi, 2002). MFA can be understood as a material balance focusing on a
specific material or a group of materials, passing through a specific geographical
area or an industrial sector (Clift, 2006). The results of a MFA are typically used
for estimating resource consumption or waste arisings, and optimise recovery
and recycling rates. The levels at which MFAs are applied vary widely, from
national macro-levels to detailed factory levels. A good overview on the fields of
application of the method of MFA is included to a publication by Clift (2006).

In this thesis, the identification of potential renewable resources is of spe-
cial interest. The method of MFA is particularly suited for the identification of
biomass resources, as they typically lie at the intersection of material and waste
streams.

In the literature, the method of MFA has been applied in several instances
to the wood & paper sector, as well as the waste management sector. In the
following, three appfoaches will be briefly discussed in order to illustrate the usage
and flexibility of the method of MFA within a particular framework. Chapter 7
represents a detailed investigation of wood-fibre based material streams in Cape
Town.

In order to promote material cycling, Hashimoto & Moriguchi (2003) devel-
oped a set of indicators for measuring the effectiveness of policy and actions on
society’s metabolism. From a perspective of Material Flow Analysis (MFA), ma-
terial cycles in society’s metabolism can be classified according to three types:
reuse of used products, recovery of by-products (as material and heat), and re-
covery of used products (as material and heat). Against this background, six in-
dicators were developed: direct material input (DMI), use rate of recovered used
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products (URRUP), material use efficiency (MUE), material use time (MUT),
recovery rate of used product (RRUP), and domestic processed output (DPO).
In a second step, Hashimoto et al. (2004) carried out a MFA of wood resources
in Japan during the period 1960 1999, and tested the validity of the deveioped
indicators. It was concluded that the indicators are useful for analyzing the state
of material cycles, and discussing the future goals of material cycling.

__The method of MFA can also be applied for the representation of a particular

industrial sector. Beck et al. (2004) apply the method for the representation of
the wood products industry in the Greater Sydney Area. Based on the repre-
sented industry network, multiobjective optimisation (MOO) is used to investi-
gate preferred configurations in terms of resource efficiency and sustainability.
The industry network contains two types of elements: nodes and links. A math-
ematical model was applied for mass balance closure over the nodes, and linear
equations were utilised for describing the activities and constraints of the nodal
activities. It was concluded that a holistic view of material networks offers op-
portunities for greater resource efficiency, as more options for material recycling
can be identified.

Furthermore, the method of MFA has been applied to the waste management
sector. For instance, Rotter & Loeschau (2005) developed a mathematical ap-
proach based on a waste transfer matrix for the calculation of the cumulative
material distribution. A case study on the waste management situation in Berlin
is presented, showing the distribution of residual wastes according to sinks (i.a.
atmosphere, landfill sites) and energy products.

2.3.2.4 Data Mining and the Use of Search Engines

It is the 3rd Hypothesis of this dissertation that the innovative deployment of
Information Technology (IT) supports the identification energy conversion path-
ways unknown to the energy planner. In order to investigate this, it is necessary
to draw on the concepts of search engines, data retrieval, knowledge discovery,
and data mining. In the following, these concepts will be presented, giving key
literature references regarding the scientific fundamentals corresponding to the
described points.
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The World Wide Web (WWW) may be viewed as a collection of intercon-
nected documents and other resources, linked by hyperlinks and Uniform Re-
source Locators (URLs) (Wikipedia, 2006g). Search engines such as Google,
Yahoo!, and Ask Jeeves, assist the user in finding specific information in the
WWW. According to Wikipedia (2006c), “a search engine is an informational
retrieval system designed to help find information stored on a computer system,
such as the WWW, inside a corporate or proprietary network, or in a personal
computer. The search engine allows one to ask for content meeting specific crite-
ria and retrieves a list of items that match those criteria. This list is often sorted
with respect to some measure of relevance of the results”.!

In order to retrieve required information fast and efficiently, each search engine
has its own crawler, which is constantly indexing millions of webpages a day. The
crawler grabs a part of each website, and stores it ‘along with its index in a
localized database. When a user submits a query to a search engine, only a
concise and indexed copy of the web is searched. Only then, the user is directed
to the appropriate URL.

Words from the title and the meta tags? - meta description and meta keywords
-, as well as the links that appear on the webpage, are usually scrutinized in order
to index a webpage.

In a book by Berry & Browne (2005), the theoretical fundamentals of search
engines regarding mathematical modeling and text retrieval are discussed. By
starting with the document file preparation, the author presents the theory on
vector space models and matrix decomposition. Thereupon, search query man-
agement and feedback regarding ranking and relevance of results are discussed.
Importantly, the search by link structure is analysed, discussing the underlying
theory of the PageRank approach. Finally, some considerations regarding the
user interface are discussed. ‘

In the work reported in this dissertation, the Google search engine has been
investigated regarding its implementation potentials for a web based option gener-
ation application. In the following, two books are presented, respectively dealing

1The term search engine commonly refers to a web search engine.
2Meta tags are not part of the content of a webpage, but are used for describing the content
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with general issues and detailed programming related aspects regarding the use
of the Google search engine and its features.

“Google - The Missing Manual” is a compendium manual on the use of the
google search engine and its features (Milstein et al., 2006). The book is struc-
tured into four Sections, where Section 1 “Searching with Google” and Section 2
“Google Tools” are of special interest for this thesis.

- In a book by Calishain & Dornfest (2003), the technology behind the Google
search engine is presented (to some extent), as well as solutions to programming

problems in order to perform searches that can not be performed using the regular
Google interface. Of special interest for this thesis are Chapters 8 and 9, where
the Google Web API is introduced, and a number of Google Web API applications
are presented.

For the development of the application in Chapter 8, the concepts of data
mining and knowledge discovery need to be understood. The concept of data
mining is often used as included or synonymous to the concept of knowledge
discovery, and is defined as follows (Wikipedia, 2006a):

Data mining is a technique for searching large-scale databases for
patterns; used mainly to find previously unknown correlations between
variables that may be commercially useful.

In their book on the principles of data mining, Hand et al. (2001) give the
following definition:

Data mining is the analysis of (often large) observational datasets
to find unsuspected relationships and to summarize the data in novel
ways that are both understandable and useful to the data owner.

Furthermore, the data mining exercise plays no role in the data collection
strategy, and is therefore often referred to as secondary data analysis.

A book by Klosgen & Zytkow (2002) gives detailed information on the fields
of data mining and knowledge discovery. The book is split into eight sections,
and gives extensive literature references after each section. Of particular interest
are the sections on the application fields of data mining and knowledge discovery,
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its interdisciplinary links especially to statistics, automated scientific discovery,
neural networks, and visualisation - all of which are touched to some degree in

this dissertation -, as well as the presentation of practical case studies.

2.4 Summary

The aim of this Chapter was to provide a basis regarding the background of this
thesis, as well as to present the theory applied for the research tasks of this thesis.

In the first Section of this Chapter, relevant background information was given
against which the remainder of this thesis is being carried out. After briefly in-
troducing the global energy situation, the connections of the three pillars of sus-
tainability with the energy sector were investigated. The dynamic links between
GDP, CO; emissions and human welfare were highlighted. The global agenda
for sustainable development was presented, and an emphasis was laid upon local
development issues and energy. Within this framework, policies and mechanisms
for climate protection were introduced.

Regarding poverty related issues, the importance of traditional biomass as
an energy source in the developing world was stressed. Health impacts related
to local air pollution and the usage of combustibles was presented. The relation
between income and fuel choice was discussed for urban areas in developing coun-
tries: energy transition towards modern energy services is a fundamental element
for socio-economic development in the developing world.

Moreover, urbanisation trends were presented, highlighting the rising impor-
tance of cities and towns in the developing world. Thereupon, a brief history of
energy planning concepts was retraced. Approaches for sustainable cities were
presented, as well as South African approaches to urban energy planning. The
ALEP concept was presented, emphasising its heavy focus on the modelling pro-
cess. A preliminary discussion was carried out, and, in line with Hypothesis 1, it
was questioned whether Northern planning concepts can be applied in the cities
of the global South.

Next, three cooperation models were presented for different levels in the de-
veloped and the developing world, mentioning the phenomenon of reverse glob-
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alisation, and emphasising activities in connection with climate protection and
economic development.

Of particular interest in this dissertation is the usage of renewable energy
resources, especially biomass. Therefore, the current usage and future projections
regarding renewable resources was given. An emphasis was laid upon biomass
conversion pathways and technologies.

In the second Section of the Chapter, the theory and methods applied for the

‘;ésearch tasks in this dissertation were presented.

The theory of urban ecosystems was introduced, along with the concept of
industrial metabolism. The application of case study theory was discussed: case
studies are used throughout this thesis for the induction of theoretical findings.

Moreover, MCDM was presented as a tool for framing an energy planning
process. CPS was introduced as an emerging method in the field of chemical
engineering for the automatic generation of options and trade-off between the
conflicting objectives cost and environmental impact. It is stipulated that CPS
can assist in the MCDM process. Furthermore, MFA was introduced as a tool
for data collection, synthesis and presentation.

Finally, the concept of search engines and data mining were explained. An
emphasis was laid on the non-conventional application of the Google search en-
gine, as well as the applicability of methods for secondary data analysis such as
data mining.
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Chapter 3

Urban Renewable Energy
Planning in the South: the Case

of Cape Town

3.1 Introduction

In the previous Chapter, the scientific background, the theoretical basis, and
the methods applied for the research undertaken in this dissetartion have been
given. In the next phase, the renewable energy planning approaches of a city of
the South and a city of the North will be investigated and compared in order to
develop insights into their similarities and differences.

This Chapter aims to describe and evaluate the approach to renewable energy
planning of a city of the global South, drawing upon the case of Cape Town.

Cape Town’s current and possible future energy pictures will be introduced.
A short history of energy policy in South Africa will be given in order to locate
the City of Cape Town in its socio-political context, investigating the roots of
Cape Town’s current challenges in the field of renewable energy planning.

Subsequently, an emphasis will be laid upon the renewable energy planning
process of the City, starting by giving the legislative context guiding and affecting
the City’s renewable energy decisions. Insights will be given on the functions
of national energy planning and regulation bodies, the role of municipalities in
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the energy planning process, and the impacts of the reform of South Africa’s
Electricity Distribution Industry (EDI).

Cape Town’s energy planning process will be presented and critiqued based
on original information gathering and by means of interviews. By investigating
the City’s energy planning approach, a basis will be created for the comparison
with a city in a developed country (see Chapters 4 and 5), with the aim to
substantiate the first Hypothesis stated under Section 1.4: “The municipal energy

planning process in developing cities can have a greater impact on socio-political
aspects than in Northern cities, if certain capacities are available or very clear

consequences of energy decisions or inactions are given”.

3.2 Energy Picture of the City of Cape Town

Importantly, the City of Cape Town released the Cape Town Energy Strategy
(SEA, 2003a), in which the City’s goals and visions regarding the development
of its energy sector were given. Furthermore, the City set itself a challenging re-
newable energy target - 10% of energy demand covered by renewable energies by
the year 2020 - which is more ambitious than the national target set in the White
Paper on the Promotion of Renewable Energy and Clean Energy Development
(DME, 2002b). The following Sections will give a brief overlook on the current
status of Cape Town’s energy sector, as well as possible future development sce-
narios in order to describe the starting point for further research.

3.2.1 Status Quo

The metabolism® of the City of Cape Town is powered by an overall final energy
utilisation of ca. 120 PJ/a (Winkler et al., 2005). As can be seen in Figure
3.1, more than half of it is used to sustain the city’s transport sector, followed
by industry, households, government and commerce. As depicted by Figure 3.2
Cape Town’s energy sector heavily relies on fossil energy carriers, the liquid fuels
petrol and diesel jointly forming the lion share of energy carriers being consumed,;
their main purpose is to provide the necessary energy for urban transport needs.

1See literature review in Section 2.3.1.1 for the definition of the term
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Electricity forms the second biggest share with 33%, Cape Town’s electricity
needs jointly being met by the Koeberg nuclear power station and by overland
high-voltage transmission lines from the coalfields region east of Johannesburg.
The energy carriers coal and Heavy Furnace Oil (HFO) form a total share of
7%, mainly being utilised in industry, whereas the energy carriers paraffin and
LPG are mainly used on a household level, accounting for a total of 3%. The
utilisation of the renewable energy source wood only contributes 1% to the total
energy usage of the City of Cape Town, where peaks of wood utilisation are
observed during the winter months.

3.2.2 Outlook

In a so called business-as-usual scenario as depicted in Figure 3.3 (Winkler et al.,
2006a), it is assumed that the city’s energy metabolism will remain entirely based
on fossil fuels, reaching a total energy utilisation of ca. 150 PJ by the year
2020. Main drivers for such a scenario are economic growth and demographic
development. In a so-called renewable energy scenario, it is assumed that Cape
Town’s target of 10% renewable energy consumption by the year 2020 is met.

It is noteworthy that the renewable energy target has been calculated based
on the target-year electricity consumption and not total energy consumption. An
overall 10% renewable energy target would be ca. 15 PJ/a (ca. 4,200 GWh/a)
instead of ca. 1,500 GWh/a, assuming the same annual growth rate of 2% across
all energy carriers.

A second point of critique arising from the setting of an energy target based
on electricity consumption, is that energy planning often happens from an elec-
tricity point of view, as opposed to a planning approach aiming at diversifying
the energy carrier types provided (“energization”!) (Laing & Rosselli, 1998). It
has been assumed for the renewable energy scenario that the energy target will
be met by a substantial increase in installed capacity of wind turbines (>10 MW)
for electricity generation (Winkler et al., 2006a). Such an approach excludes al-
ternative means of meeting energy needs, e.g. renewable liquid fuels, Solar Water

1see Chapter 6
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3.3 Cape Town in Context: A Short History of Energy Policy in
South Africa

Period Main Policy Goal

Apartheid period Energy security

Advent of democracy Energy provision to previously disad-
vantaged population groups

From 2000 Achievement of targets set in 1994

Source: Davidson & Winkler, 2006

Table 3.1: Periods of Energy Policy in South Africa

seen in table 3.1, it can be stated that summarily, each period had a main energy
policy goal.

In the following, these three periods will be briefly described, emphasising
issues rega.rding interfaces to energy planning on local governmental level, as well
as the integration of renewable energy technology. In order to achieve this goal,
mainly two papers by Marquard & Eberhard (2000) and Davidson & Winkler
(2006) will be compared and discussed in order to illustrate the above mentioned

points of interest.

3.3.2 Energy Policy during the Apartheid Era

The apartheid energy era began in the late 40s and 50s driven by the motors
of national development, and energy security, the latter becoming increasingly
significant during the 70s and 80s. A synthetic fuel programme, a nuclear pro-
gramme, and the construction of huge coal-fired power plants focused on the
supply side of energy provision (Marquard & Eberhard, 2000).

Davidson & Winkler (2006) states that before 1994, energy policies were de-
signed to provide energy services based on ‘separate development’, the apartheid
government’s euphemism for racial discrimination.

According to Marquard & Eberhard (2000), the demand side was characterised
by very low domestic consumption (relative to OECD countries) and a physical
infrastructure that provided energy services to a small minority of mainly white
South Africans. Davidson & Winkler (2006) state accordingly that for the do-

mestic sector, modern energy services were provided to a the ‘white’ population
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group only, and limited or no services at all to the rest of the population.

South Africa, as a result of cheap coal and cheap electricity, had one of the
most energy-intensive economies in the world (Marquard & Eberhard, 2000).
Hughes et al. (2002) state that SA’s economy is still energy intensive, meaning
that the country uses a large amount of energy for every Rand of economic output.

Marquard & Eberhard (2000) say that the policy process during this period

_ was characterised by extreme secrecy, and that the introduction of democracy was

a prerequisite for the development of a more rational energy system. Davidson
& Winkler (2006) confirms that security, secrecy and control characterised most
of the policies that prevailed.

From no point of view - social, environmental, or economic - could the com-
monly accepted goals of sustainable development be met under the apartheid
regime (Marquard & Eberhard, 2000).

3.3.3 Energy Policy in a New Democratic South Africa

The new energy paradigm in the era after the 1994 elections focuses on the
energy needs of the low-income households. Davidson & Winkler (2006) say that
the new government was determined to provide basic services to the poor and
disadvantaged majority of South Africans.

From an intellectual perspective, research interests developed regarding low-
income households from the end of the 80s, which led to tensions with the then
acting National Party (NP) (see Marquard & Eberhard (2000)). Accordingly,
Davidson & Winkler (2006) state that before the African National Congress
(ANC) won the first democratic elections in 1994, a number of groups had been
working with the ANC to formulate an energy programme to address the needs
of the poor and disadvantaged.

The formation of this pool of intellectuals around social aspects of energy
provision in South Africa is at the base of a productive relationship between
researchers and ANC activists in the policy processes preceding the 1994 elections
(Marquard & Eberhard, 2000).

From this collaboration emanated later contributions for the energy aspects of
the ANC’s Rural Development Program (RDP) as well as the 1998 White Paper
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(DME, 1998).

According to Marquard & Eberhard (2000), only one significant shift in the
allocation of resources occurred in the energy sector of the post-Apartheid regime,
namely the electrification programme!, in which the target of 2.5 million domestic
connections was exceeded by the end of the century. Davidson & Winkler (2006)
say furthermore that the programme expected that newly electrified households
would switch from using fuel wood, candles and batteries to using electricity for
their household needs. The electrification target became part of the ANC’s RDP
Marquard & Eberhard (2000).

In 2000, consumption per connection is way below Eskom’s break-even point,
which renders the programme financially unsustainable (Marquard & Eberhard,
2000).2 However, Davidson & Winkler (2006) say that the government funded
the programme together with Eskom, which had the advantage of tax-free status.
This means that the financial burden of the programme had been decreased for
Eskom already. Note that for the poorest customers, electricity prices were still
too high (Marquard & Eberhard, 2000).

The link between electrification and providing effective energy services to the
poor, has proved more problematic, as has the link between electrification and
local development (Marquard & Eberhard, 2000).

By contrast to the electricity sector, the new government has had far less
impact on the liquid fuels sector by 2000; the same phenomenon can be observed
on the local governmental level (see Section 3.4.5.1). Despite the importance
of the liquid fuels sector in the economy, as well as the importance of products
such as paraffin to low-income households, the structure of the sector remained
relatively unchanged during this period of democracy (Marquard & Eberhard,
2000).

Integrated sustainable energy planning is less efficient from a governmental
planning perspective on the national as well as the local level, bearing in mind

!see Section 6.3.1
2Eskom may choose to hand over its low-income residential market to the newly formed

Regional Electricity Distributors (REDs) as it traditionally operates at a loss (see Section
3.4.5.1)
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that liquid fuels account for a large share of 33% of SA’s final energy consumption
(DME, 2002a).

Also: several pieces of energy legislation were passed in the 1987-2000 era, of
direct relevance to the future of the energy sector in the country, i.a. the White
Paper on Energy Policy (see Section 3.4.1).

. -3.3.4 Energy Policy after the Democratic Euphoria .

Since 2000, three concerns emerged to be the main challenges in the country’s
energy sector: restructuring’, social justice, and environmental protection.

Although the restructuring of the Electricity Distribution Industry (EDI) into
the maximum number of financially viable and independent Regional Electricity
Distributors (REDs) was already approved in principle by the Cabinet in May
1997, it is only at the beginning of the new millennium that the planning and
implementation process started to take shape (Eberhard, 2004).2 Furthermore,
some of the most significant arenas for implementation are shifting out of national
departments of government, to bodies such as the National Electricity Regulator
(NER) and various regional energy bodies (see e.g. Marquard & Eberhard, 2000)3.

On the other hand, the concept of Black Economic Empowerment (BEE) is
more and more integrated into the energy sector as a means for addressing social
injustices. BEE is an integrated strategy aimed at substantially increase black
participation at all levels of the population (BEECom, 2001).

In May 2001, the Cabinet approved proposals for the reform of the Electricity
Supply Industry (ESI) through a managed liberalization process. Elements of
this are i.a. i) a restructured generation industry, of which ESKOM will retain a
share of 70%, with privatisation of the remainder in form of Independant Power
Producers (IPPs), transferring 10% to black economic ownership, and ii) a reg-
ulatory framework that ensures the participation of IPPs and the diversification
of primary energy sources (Eberhard, 2004).

With regards to the liquid fuels sector, SAPIA (2000) developed a char-
ter on empowering Historically Disadvantaged South Africans (HDSAs) in the

see Section 3.4.3
2Note that by 2007, no RED was operational.
3see Section 3.4.2

72



3.3 Cape Town in Context: A Short History of Energy Policy in
' South Africa

petroleum and liquid fuels industry. Its aim is to substantiate the policy objec-
tive stated in the Energy Policy White Paper (DME, 1998) to achieve sustainable
presence, and ownership or control by HDSAs of a quarter of all facets of the liquid
fuels industry.

In 2003, the government released the first Integrated Energy Plan (IEP)!
(DME, 2003a), addressing the issues of restructuring, social injustice and sus-
tainable energy by providing a framework for decision making on energy policy
and for the development of different energy sources and energy technologies in
the country.

A rising issue in the era after 2000 is that of environmental concern. Davidson
& Winkler (2006) say that regarding the promotion of renewable energy, mostly
rural areas have been affected, where poor households are electrified with Solar
Home System (SHS) in places where grid electrification is not economically viable;
the broader approach known as energisation is also being considered (see Chapter
6).

The government released the White Paper on Renewable Energy (DME, 2002a),
stating its commitment to the contribution to the global effort to mitigate GHG-
emissions by setting a target of 10 000 GWh of renewable energy by 2013, and
presenting a framework within which the renewable energy industry can operate
and grow. Moreover, it stated that renewable energy projects that receive Gov-
ernment assistance will be required to incorporate BEE and contribute to job
creation.?

Furthermore, the government released a draft of the South African Biofuels
Industrial Strategy (DME, 2006a). By supporting the integration of biofuels into
the South African market, its purpose is to contribute to the country’s devel-
opment goals, renewable energy target, generate employment, and reduce the
negative impact of energy consumption on the environment. The policy op-
tions presented in the strategy are in line with BEE. Furthermore, biofuels are
an element of the Governments Accelerated Shared Growth Initiative of South
Africa (AsgiSA) (see Mlambo-Ngcuka, 2006).

lsee Section 3.4
2see Section 3.4
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However, issues of environmental protection and social upliftment tend to be
concurrent at times. In low-income households, the most effective path to rem-
edying risks related to the usage of unsafe energy sources such as paraffin in
low-income households at least partially is electrification; however, electricity is
currently affordable by very poor households only because it is produced from
very low-grade cheap coal with high environmental impact (Marquard & Eber-
---- -hard;-2000).-This situation is rendered-even more-difficult-by -the introeduction— - —
of a ‘poverty tariff’, which provides 50 kWh/month of free electricity to poorer
households (Davidson & Winkler, 2006).

Davidson & Winkler (2006) conclude that in order to achieve its objective of
sustainable development, South Africa needs to substantially increase the supply
of modern affordable energy services to all its citizens, while at the same time

maintaining environmental integrity and social cohesion.

3.4 Energy Planning in Cape Town

The purpose of this Section is to develop insights into the energy planning process
of the City of Cape Town, emphasising renewable energy aspects. In order to do
so, it is important to define the legislative policy framework for energy planning
in Cape Town. Importantly, the national energy planning and regulation bodies
will be presented, as well as the reform of South Africa’s EDI. The role of
South African local governments will be discussed regarding the energy sector, so
that subsequently, the energy planning process of the City of Cape Town can be

investigated.

3.4.1 Legislation, White Papers and Frameworks

Currently, several national and local government policy papers and reports define
the framework and guidelines according to which Cape Town’s energy planning
takes place. In the following, the key policies and reports will briefly be introduced

in order to locate Cape Town’s energy sector in its policy context.
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White Paper on the Energy Policy of the Republic of South Africa
(DME, 1998). This White Paper clarifies government policy regarding the
supply and consumption of energy for the next decade.

Amongst other things, an Integrated Energy Planning process is described. It
is stated that a key policy challenge is to link electricity into the municipalities
infrastructure plan. Therefore, at local government level, the IEP forms a com-
ponent of the Integrated Development Plan (IDP). The government will provide
the necessary resources to establish IEP structures and systems to develop energy
policy.

Furthermore, the need for improved communication between the national,
provincial and local government is clearly recognised. Mechanisms for improving
communication are i.a. the establishment of provincial energy committees, and
the establishment of energy advisory functions within the Depart ment of Minerals
and Energy (DME)’s regional offices in order to assist in provincial and local

energy planning.

White Paper on the Promotion of Renewable Energy and Clean Energy
Development (DME, 2002b). This policy document envisages a range of
measures to integrate renewable energies into the mainstream energy economy.
To achieve this aim, Government is setting as its target an additional 10,000
GWh (0.8 Mtoe) renewable energy contribution to final energy consumption by
2012, to be produced mainly from biomass, wind, solar and small-scale hydro.

From an urban perspective, it is highlighted in the foreword to the White
Paper by Deputy Minister S. Shabangu that “the easier entry points for renewable
energy are generally not in the remote rural areas, but in the urban household and
industrial sectors. It is here that ihe possibilities for solar water heating, and the
use of waste for power generation lie”.

It is furthermore stressed that a significant barrier to the further implemen-
tation of renewable energy is that many renewable energy technologies remain
expensive compared to conventional energy supplies for bulk energy supply to

urban areas or major industries.
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Integrated Energy Plan for the Republic of South Africa (DME, 2003a).
The purpose of the integrated energy plan is to balance energy demand with sup-
ply resources in concert with safety, health and environmental considerations.
The integrated energy plan is a framework within which specific energy develop-
ment decisions can be made by national Government.

The role of local government is addressed in connection with the programme
for universal access to affordable, clean and appropriate energy. The most im-

portant concern is the transition from traditional energy carriers to commercial
energy carriers, especially in the rural areas. Energy demand rises with increased
energisation’ (especially electrification) in households. Such energisation pro-
grammes should be linked to the integrated development programmes both at
provincial and local level. The synergy between regional/local development and
energy supply would enable sustainable growth.

National Electricity Regulator - Regulatory Framework for the Elec-
tricity Distribution Industry of South Africa (NER, 2004) The regula-
tory framework has been prepared by the NER as part of the EDI restructuring
process in South Africa. This process would combine Eskom’s and municipali-
ties’ electricity utilities - thus separating electricity generation and distribution
operations, and hence opening the sector to competition (see Section 3.4.3). The
purpose of this high level framework is to provide a view of the instruments
required to regulate the future Regional Electricity Distributors (REDs).

With regard to the relationship with municipalities, the future regulation
of the EDI will be founded on a complementary set of rights, obligations and
controls, applied through a combination of local and national government ar-
rangements. This will be designed to balance both the constitutional role of local
government in local electricity supply, and the requirement for overall consistent
regulation of the sector by NER at a national level.

Cape Town Energy Strategy (SEA, 2003a). The overall goal of the en-
ergy strategy is to promote sustainable development. Its aspirations are to help
integrate sustainable approaches into the core functions of the City, within a

1see Chapter 6 for a detailed review of the concept of energisation
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framework that provides a clear vision and direction for the City as a whole,
and specifically the energy sector. Its aspirations are to facilitate the integration
of energy objectives into all the City of Cape Town functions and programmes.
Its aspirations are also to improve delivery and financial sustainability in local
authority operations; improve air quality; reduce greenhouse gas emissions; and
promote economic and social development for the City.

The energy strategy supports the City Vision, Integrated Metropolitan En-
vironmental Policy (IMEP) objectives and the City’s IDP, as well as other na-
tional and international imperatives and commitments. In the Cape Town State
of Energy Report (CCT, 2003), more than 50 energy-related activities have been
identified across the City of Cape Town'’s different departments and within other
organisations, with little co-ordination between them. This energy strategy will
co-ordinate such initiatives within the City, in order to promote a common energy
goal.

Importantly, the City of Cape Town set itself a renewable energy target of
10% of energy generated from renewable sources by 2020.

Draft Energy and Climate Change Strategy (CCT, 2006a) Besides reaf-
firming its commitment to the renewable energy goal stated in the Energy Strat-
egy (see above), the City of Cape Town proposes with the Draft Energy and
Climate Change Strategy a list of quantified targets based on strategic goals re-
lated to local aspects of sustainable energy and climate change. The City of Cape
Town affirmed its commitment to the achievement of these goals at the WSSD

in Johannesburg in 2002.
The energy efficiency and renewable energy targets are summarised as follows,

grouped by sector (CCT, 2006a):
e Transport

— 10% increase of rail transport share by 2010
—~ 10% decrease of private vehicles in city centre by 2010

— Non-motorized transport strategy by 2010

e Commercial & Industrial
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— All facilities to use Compact Fluorescent Lightings (CFLs) by 2010
e Residential

— 10% of all households and City-owned houses to have SWHs by 2010
— All City-owned houses to use CFLs by 2010
— 30% of households to use CFLs by 2010

~ — All new houses to have insulated éeilings from 2005
— All existing houses to be retrofitted with insulated ceilings by 2020

e Government

— All City buildings to use CFLs by 2010
— 5% reduction in City-internal electricity consumption by 2010

e Energy Supply

~ 100% of formal houses connected to electricity from 2005

— 90% of informal houses connected to electricity by 2010

— 10% renewable energy supply by 2010

— Reduction of CO, emissions by 10% by 2010 (from 2005 levels)

3.4.2 National Energy Planning and Regulation Bodies

The DME is the State organ responsible for ensuring exploration, development,
processing and management of minerals and energy resources in South Africa
_(DME, 2005a).

The NER is the regulatory authority of the electricity supply in South Africa.
The primary function of the NER is to license electricity generation, transmission
and distributions; to approve electricity tariffs and; to set minimum standards for
quality supply and services. The NER recently celebrated its 10** Anniversary,
coinciding with the launch of the new National Energy Regulator for South Africa
(NERSA). NERSA has a newly expanded mandate, including the functions of
NER (NER, 2005).
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of the City’s Integrated Metropolitan Environmental Policy (IMEP). The IMEP
addresses issues related to the fields of biodiversity, air quality, environmental
education and training, coastal and waste management, as well as noise pollution.

An energy steering committee, which is assisted by an advisory commit-
tee constituted out of experts from the public and private sectors, as well as
academia, undertakes planning and implementation enterprises related to the
sectors of transport, government, industry & commerce, residential, as well as
energy supply. The energy steering committee reports back to the city council.

Munro (2004) states that “the City as a whole, and therefore its energy plan-
ning bodies as well, are suffering of a shortage of personnel and funds”. Fur-
thermore, as energy planning responsibilities are not being carried by one single
service within the City, but shared amongst mainly two services, namely the De-
velopment Services and the Electricity Services, decision making is rendered a
complex and time-consuming process. According to Munro (2004), “strong guid-
ance from federal government is lackirig. Broad policies have been formulated,
e.g. the White Paper on Energy, but implementation plans, funds and financing
models are missing”.

Munro (2004) says that, “in order to tackle the field of energy planning holisti-
cally, it would be necessary to involve the transport sector as well, not only the re-
sponsible City department, but also key industry players such as the oil companies
Shell, Chevron and Engen. This is of crucial importance before the background of
the fact that 55% of Cape Town’s energy demand stems from the transport sector”.
Munro (2004) says furthermore that “there is a demand for green energy because
of industry demand for green products to be sold overseas, putting pressure on
our energy supply infrastructure to become more sustainable”. Note that an aim
of the City is also to become less dependant from Eskom (Munro, 2004).

According to Asmal (2004), “more than 50 energy related projects have been
identified in Cape Town, which form the backbone of Cape Town’s State of Energy
Report” (see Section 3.4.1). Asmal (2004) says furthermore that “the formulation
of Cape Town’s Energy Strategy has been lead by a team of people stemming from
different City departments and independent consultants, e.g. from UCT Energy
Research Centre and Sustainable Energy Africa. This team had to report to the
city council consisting of 220 councilors”.
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3.4.5.2 Renewable Energy Planning in Cape Town

Regarding renewable energy planning, the City of Cape Town set itself a chal-
lenging renewable energy goal, namely 10% of its energy needs met by renewables
by 2020 (see Section 3.4.1). According to CCT (2003), Cape Town has a wealth
of untapped renewable energy resource potential available for achieveing this goal
- primarily in wind, small-scale solar, and possibly wave applications.

- ~Inr the following; four projects-out of & number of sustainable-energy projects— — -~

happening within the CMA will be introduced and discussed, illustrating the
diversity of issues informing the planning process. They all involve the City
of Cape Town, and are at different stages of the planning and implementation

process.

The Darling Wind Farm Project In pursuit of its renewable energy goal, the
City of Cape Town is the first South African city having agreed on a contractual
basis to buy green electricity from an IPP over a period of 20 years, namely
the Darling Wind Farm project, situated at about 70km north of Cape Town
(WWINDEA, 2006).

The implementation of the project with a final total installed capacity of 13
MW is structured into two phases (DME, 2005a):

e Phase 1 comprises four 1.3 MW wind turbines
e Phase 2 comprises a further six 1.3 MW wind turbines

The first four wind turbines, which are expected to arrive in September 2007
from Germany, will generate approx. 13.2 GWh/a of electricity. The total in-
vestment in the project is >ZAR 70 million, of which at least 30% will enter the
local economy (Pollack, 2007).

By reaching a favourable Power Purchase Agreement (PPA) with the Oelsner
Group, the main shareholder of the Darling Independent Power Producer (Darling
IPP), the City agreed to buy generated electricity upon commissioning of the
project (DME, 2005a). Customers of the residential, commercial and industrial
sector in Cape Town will be able to purchase the generated renewable electricity
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at a premium of ZAR 0.25/kWh.! It is guaranteed that units purchased will be
matched by the input of the same number of units from the Darling Wind Farm
into the national grid (Pollack, 2007).

The planning of the Wind Farm was mainly undertaken by the Oelsner Group
with support from AN Windenergie GmbH, Germany, and Bonus Energy, Den-
mark. Support in terms of assisting in the development of an on-grid wind en-
ergy programme in South Africa was provided by Danida (former DANCED), the
UNDP, and the Global Environmental Fund (GEF) (DME, 2005a).

The project was first proposed in 1997, and an Environmental Impact Assessment
(EIA) was undertaken between August 2001 and January 2002. No critical issues
were identified preventing the construction of the first phase. It was recommended
that the second phase should only be approved after a positive monitoring of the
first four wind turbines (DME, 2005a).

However, there have been meaningful delays in the planning process, caused
amongst other things due to (DME, 2005a):

e The IEA (A further update had to be carried out in 2004)
o Identification and negotiation of a PPA
e Negotiations and agreements for access to an use of the grid

The proposal for the wind farm was subject to legal wrangles with the au-
thorities over a period of six years, which were eventually settled out of court at
the beginning of 2005 (Gosling, 2005).

The project was finally accepted when Environment Minister Marthinus van
Schalkwyk turned down the only appeal to this decision in July 2005. Against
the background that the Darling Wind Farm has been declared a demonstration
project at the WSSD in Johannesburg in 2002, the minister stated furthermore
in connection with South Africa’s commitment to actively target implementa-
tion of renewable energy measures that “demonstrating the feasibility of small,
decentralised, clean power generation facilities was important in order to create

1The premium will have to be paid in addition to the basic tariff for private end-consumers
of ZAR 0.45/kWh; the total price per kWh of wind generated electricity will thus amount to
ZAR 0.70.
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jobs and eradicate poverty through the creation of SMME opportunities” (Gosling,
2005).

It is estimated that the reduction of GHG-emissions will amount to approx.
254,000 t over the lifespan of the project (Pollack, 2007). Further benefits of the
project are job creation. It is estimated that 15-19 jobs will be created for each
MW of electricity produced. Furthermore, 30 jobs will be created in connection
_ with activities related to the wind farm (DME, 2005a). Against the backdrop of a

Sustainable Environment and Employment Scheme (SEES), the wind farm shall
attract tourists especially to its educational and research centre (DME, 2005a.).

The Solar Water Heater By-Law The City of Cape Town has drafted sev-
eral implementation plans regarding the usage of renewable energy technology or
energy efficiency measures, amongst other things the Solar Water Heater (SWH)
by-law, which it is expected to pass in July 2007. The objective of this by-law
is to regulate the incorporation of SWH for the production of sanitary hot water
in buildings in Cape Town Metropolitan Area in order to (Nielsen & Bengtsson,
2006):

e Reduce the use of electricity and fossil fuels and their related environmental
impacts, such as carbon dioxide, sulphur dioxide and nitrous oxide emissions

(CO,, SO2, NO3)
e Create local jobs in the solar water heating industry
e Reduce energy supply risks

e Alleviate poverty by improving the quality of life through the provision of
hot water to those who can not access or afford electricity

Against the backdrop of a national electricity utility (ESKOM) struggling
to meet energy demand with fossil-fuel based electricity, Cape Town aims to
substantially reduce its electrcicty consumption in the residential sector, improve
its energy security, and lower GHG-emissions by implementing this by-law (CCT,
2007).

The City set itself the target to install SWHs in 10% of the households by 2010,
and 50% by 2020, bearing in mind that the residential sector accounts for 17% of
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electricity consumption on the national level, and that electric water geysers are
accountable for the highest electricity consumption on a household level (CCT,
2007). Osman Asmal, the city’s director of environmental planning, said in an
interview with a local newspaper that “the City has 10% targets for both the
number of city households to be fitted with solar geysers and for renewable energy
as a percentage of the overall energy consumption, both by 2010. [...] Recently,
one of our partners reminded me of what that target meant, and it threw me back
a little - it means putting in 1000 solar water heaters a month. That’s ambitious,
and it’s going to be an interesting task for us to try and pull that off” (Yeld,
2006).

The installation of SWHs will be compulsory from the date of the enactment
of the bylaw for all new buildings and all existing buildings where additions are
made which require the use of hot water (CCT, 2007).

The City will not itself finance the fitting of solar geysers. Asmal conceded
that “from a straight financial viability point of view, calculated in terms of tra-
ditional economics, fitting solar geysers is probably financially unsound”. Sources
of financing could be provided by ESKOM, Absa Bank, the government’s central
energy fund, or the CDM fund (Yeld, 2006). In an interview with another local
newspaper, Liz McDaid of sustainable development company Green Connections
stated that “a big block to the move to solar water heaters was that the city had
" not offered incentives. It might appear to the City that this would be a financial
loss, but given the implications to the economy of three-hour [electricity/ blackouts,
it certainly would make good financial sense in th elong term” (Gosling, 2006).
The ESKOM power-blackouts have cost the Western Cape economy hundreds of
millions of rand.

However, a press release by the CCT (2007) came up with the following figures
regarding the financing of the installation of SWHs. Based on a life expectancy of
15 years, the payback time for the investment in a solar water heater is expected to
be 3 to 7 years without any additional subsidisation, and up to 3 years considering
a subsidisation from a planned ESKOM financing scheme.

Regarding the planning process of the by-law, Asmal states that “the City
has been working since 1998 with a non-governmental organisation, Sustainable
Energy Africa, in looking at sustainable energy. Through the organisation, the
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Ciity has obtained funding to bring out the Danish experts to help draft the bylaw”
(Yeld, 2006).

Energy Upgrade Project for Kuyasa Low-Income Housing At the basis
of the Energy Upgrade Project stands a housing project of ZAR 95 million, con-
sisting of the construction of 2,300 brick houses in Kuyasa, Khayelitsha, built by
 means of the South African People’s Housing Process (PHP) (CCT, 2006e).

Thereupon, the City of Cape Town developed the Kuyasa Low-Income Hous-
ing Energy Upgrade Project in partnership with the non-profit development or-
ganisation SouthSouthNorth over a period of three years. It consists in retrofitting
these 2,300 low-income households with energy efficient lighting, insulated ceil-
ings, and SWHs (REEEP, 2005a). The objectives of the project include the
following (REEEP (2005a) and CCT (2004)):

e Reduction of GHG emissions through energy efficiency measures and the
utilisation of alternative energy sources on a household level.

e Provision of sustainable development benefits such as access to energy ser-
vices, and employment creation.

e Reduction of of local air pollution, with subsequent decrease in carbon
monoxide poisoning and respiratory illnesses.

e Reduction of household energy costs through reduced energy demand and
consumption, making more disposable income available for the residing poor
families.

e Reduction in number of accidents, damage to property and loss of human
life as a result of fires.

The Kuyasa Housing project has first been designed as a CDM project under
the Kyoto Protocol (see Section 2.2.2.3), qualifying for carbon finance through
the international carbon market (REEEP, 2005a). The project is expected to
generate emission reduction credits over a period of 21 years, and to produce
emissions reductions of 2.7 tonnes of CO, per household and year (CCT, 2004).
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Interestingly, the traditional development route of these households would be
altered by leap-frogging to energy efficiency and renewable energy measures, in-
stead of going through a development path coupled to an increased consumption
of fossil-based energy carriers: Environmental protection is linked to poverty alle-
viation. This argumentation created a case of precedent, according to which other
poverty alleviation projects would fall under the CDM, enabling these projects
to access an important source of finance (REEEP, 2005a).

A pilot project was launched in 2003 comprising 10 households, aiming at
identifying patterns of energy usage and related emissions. Furthermore, an as-
sessment of available technologies has been undertaken, in order to identify the
best suited options for the project. The local company AGAMA was contracted
for retrofitting the households with the help of local labour. Importantly, the
concerned community was involved at all times in the planning process, and con-
tributed to the financing of the project. The latter posed an important problem,
as the additional funding from the CDM carbon income was not sufficient. Addi-
tional funding came eventually from the Provincial Government and the Poverty
Alleviation Fund (REEEP, 2005a).

It was furthermore aimed to create a project which is replicable in other South
African settlements, which is of particular importance against a background of 1.5
million low-income households in South Africa. It is however stated by Dr. Mar-
ianne Osterkorn, Renewable Energy & Energy Efficiency Partnership (REEEP)
international director, that “considerable barriers exist to such an expansion, par-
ticularly in financing” (REEEP, 2005b).

In connection with an awarded joint third place in the international Point’s
Carbon Best CDM Project 2004 Competition, Shirene Rosenberg, SouthSouth-
North project manager, states that “/...] SouthSouthNorth is proud that our
learning-by-doing approach and commitment to the benefits of sustainable devel-

opment is being recognised on the world stage” (CCT, 2004).
The Cape Flats Wastewater Works The Cape Flats Wastewater Works

is Cape Town’s largest sewage treatment station, designed for a throughput of
200Ml/d, running at approx. 80% capacity (Water Wheel, 2003).
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The wastewater works have been fitted with equipment worth ZAR 60 million
for the dewatering, drying and pelleting of the produced sewage sludge. The
objectives of this investment are to reduce the quantities of sewage sludge that
need to be disposed, to incorporate innovative recycling loops for a reduced fuel
consumption at the treatment station, and to produce an energy by-product
suitable for fuel substitution in a number of industrial applications (Water Wheel,
009

The starting point of the project was the fact that the disposal of sewage
sludge in the direct surroundings of the wastewater works was no longer feasible
in terms of land constraints and environmental threat. The sludge had to be
transported to landfill sites, which resulted in additional costs. By reducing
the volume of the produced sludge from 2000m® to 50m® by dewatering and
drying it, considerable costs related to transport and disposal are saved. The
costs for disposal of 10m? of sludge are estimated at around ZAR 1,800. From an
environmental perspective, emissions related to transport are reduced, and landfill
airspace is saved. Furthermore, an estimated ZAR 10-15 million are saved on fuel
due to a novel recycling system (Water Wheel, 2003).

Based on a personal communication with Michael Toll (Toll, 2005), chief en-
gineer of the Cape Flats Wastewater Works, a flowchart representing the energy
recovery infrastructure of the works has been designed. As can be seen in Figure
3.6, an amount of 65m3/h of raw sewage is fed into the anaerobic digesters, which
in turn produce a sewage sludge with a water content of 96%, and 1,200m® of
methane. The methane is stocked in a 2,000m® gas holder. The sludge from the
anaerobic digesters is dewatered in a centrifuge, resulting in a 40t/d of sludge
with a water content of 80%. 8t/d of this sludge are disposed of as cake, whereas
32t/d are fed into the drying plant, which is partly fuelled by the methane stocked
in the gas holder. A total amount of approx. 10m®/d of dry sludge with a water
content of 5% are obtained. This sludge is used in the pelleting unit for produc-
ing approx. 7t/d of pellets. The condensate obtained from the drying process
is passed through a heat exchanger, which allows to recuperate heat in form of
water at 70°C, used for maintaining the temperature of the digesters. Further-
more, methane is utilised for feeding the boilers which heat the digesters. As
the obtained end product, i.e. bagged pellets, has a high calorific value, and can
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Figure 3.6: Cape Flats Wastewater Works - Flowchart Energy Recovery

therefore be potentially utilised as fuel substitute in e.g. the brick and cement
manufacturing industry. At the point of writing, it is known that PPC cement
partly substitutes its fuel needs with the pellet product, which can be obtained
for free at the wastewater works.

In terms of the planning approach, a team of municipal engineers embarked
on a field trip to Europe in order to collect information regarding the state-of-the-
art in sludge management practices. Criteria for the choice of a technology were
technical suitability and cost-effectiveness. Finally, it was opted for the Swiss
Combi system of direct thermal sludge drying after centrifugal thickening and
dewatering. The technology could be coupled with the infrastructure in place at
the wastewater works, resulting in a number of interesting synergies regarding
the cycling of material and energy flows. The local consortium Biwater-Murray
and Roberts JV was awarded the tender to build the plant, and will operate it
for the first five years (Water Wheel, 2003).
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3.4.5.3 Discussion on Cape Town’s Energy Planning Approach

In the following, the four presented projects will be briefly discussed in order to
highlight the City’s involvement in their respective planning and implementation
processes.

With regards to the Darling Wind Farm Project, which was basically planned
and rolled out by the private sector, the City intervened during the implemen-
* “tation phase as partner-im the Power Purchase Agreement (PPA), assuring the—— -
project’s economic viability. The project has been motivated by a classic envi-
ronmental driver - i.e. the supply of renewable electricity -, typical for Northern
countries, as it is illustrated by the fact that the countries involved are Germany
and Denmark.

The SWH by-law has been developed by the City of Cape Town in partnership
with Danish experts within the frameset of LA21 in order to contribute to the
City’s renewable energy target. Although the by-law focuses specifically on a
technical intervention, i.e. the installation of SWHs, it remains broad regarding
the means of implementation, especially in terms of financing. Furthermore, it
becomes apparent that theoretical goals and practical implementation have not
been matched, when the city’s director of environmental planning states that it
“threw him back” to hear that the set targets will imply an installation of 1000
SWHs a month.

Although each of the four projects presented here include issues of environ-
mental protection and economic development, the Energy Upgrade Project for
Kuyasa Low-Income Housing is a typical South-North project, in the sense that
it addresses Southern development issues by linking environmental protection
to poverty alleviation, whilst being financed by Northern sources via the Clean
Development Mechanism (CDM). The City is actively involved in the planning
process with the assistance of SouthSouthNorth and the concerned population. A
case of precedent and a template for replication is created by adopting a learning-
by-doing approach.

Initially, the Cape Flats Wastewater Works project was not a renewable energy
and energy efficiency project. The main driver was of technical, environmental
and financial nature, based on the fact that sludge could no longer be disposed
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at the surroundings of the station. The planning for the implementation of a
dewatering and drying plant to the station was undertaken by the wastewater
department, and not by one of the services responsible for energy planning within
the City. A renewable energy carrier was obtained as end-product, and innova-
tive material and energy cycling lead to energy efficiency measures and financial
savings (win-win situation). Interestingly, the dewatering and drying plant is
run by a private consortium, successfully demonstrating the establishment of a
Public-Private Partnership (PPP).

3.5 Conclusion

The aim of this Chapter was to describe an approach for urban renewable energy
planning in the South based on the case of the City of Cape Town.

By presenting Cape Town'’s energy picture, it was shown that the City heavily
relies on fossil fuels. The City addresses these issues by releasing an Energy
Strategy and formulating a renewable energy target, although displaying a lack
of understanding regarding the richness of possibilities for their implementation.

On the other hand, a presentation of the national history of energy policy
revealed that a main challenge for South Africa is to adjust social imbalances
rooted in the country’s past. Regarding the energy sector, this issue is addressed
by means of the South African electrification programme, and the implementa-
tion of Black Economic Empowerment (BEE) into energy policy. Furthermore,
inefficiencies in the energy sector are tackled by the restructuring of the Elec-
tricity Distribution Industry (EDI) and the involvement of Independant Power
Producers (IPPs). A concern of rising importance is that of environmental pro-
tection, dealt with by means of policy and legislation aiming at the introduction
of renewable energy and energy efficiency measures. It becomes apparent though
that environmental protection and social upliftment are sometimes conflictive.

Against these backgrounds, it was asked why a South African city like Cape
Town, faced with huge governance, development and infrastructure problems, sets
itself a challenging renewable energy target?

It was shown that the City’s planning process is embedded within a frame-
work of national and local government policy papers and reports, providing a
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set of broad strategic guidelines. Whereas the responsibilities for national plan-
ning and regulation of the energy sector lie with the Department of Minerals and
Energy (DME) and the National Energy Regulator for South Africa (NERSA),
demand forecast and supply planning for electricity and liquid fuels is collectively
undertaken by bodies from the public and the private sectors. Through the re-
structuring of the EDI, competencies regarding electricity distribution are moved

~ away from municipalities towards regional bodies (REDs). It is observed that the
role of South African municipalities shifts towards the facilitation of renewable
energy and energy efficiency projects.

By analysing the energy planning process of the City of Cape Town, it has
been shown that on the one hand, the City is hampered in its approach by a
shortage of personnel and funds, a lack of guidance and technical skills, complex-
ities in its planning infrastructure, as well as fuzziness in responsibilities emerging
from the restructuring of the EDI. The City undertakes broad strategic planning
and formulates bold renewable energy and energy efficiency targets, but an imple-
mentation gap becomes apparent, especially in terms of incentives and financing
schemes, as has been demonstrated for the case of the SWH by-law.

On the other hand, renewable energy and energy efficiency projects are cur-
rently carried-out within the Cape Metropolitan Area (CMA), and the City dis-
plays a talent for improvisation and flexibility regarding its involvement in the
planning and implementation process, with or without the assistance of exter-
nal partners. It assures economic viability of the Darling Wind Farm project by
acting as partner in the Power Purchase Agreement (PPA); it couples environ-
mental and social issues - a typical Southern challenge - in the Energy Upgrade
Project for Kuyasa Low-Income Housing, assuring Northern financing through
the Clean Development Mechanism (CDM); it drafts a by-law for the installation
of SWHs, coupled to a challenging implementation target; and it demonstrates in
the case of the Cape Flats Wastewater Works that renewable energy and energy
efficiency measures can be planned and implemented by a City service not as
such responsible for sustainable energy matters, furthermore creating an inter-
esting Public-Private Partnership (PPP).

The renewable energy planning process will be described in detail for the case
of Aachen in the following Chapter, which gives the opportunity to compare and
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discuss both planning approaches in Chapter 5.
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Chapter 4

Renewable Energy Planning in
the North: the Case of Aachen

4.1 Introduction

It is the aim of this Chapter to investigate the framework and the dynamics of
the energy planning process of the City of Aachen, a pioneering city of the North
in the context of urban renewable energy use. Throughout this Chapter, it will

be aimed at answering the following question:

“What can be learned from the renewable energy planning process
of a city of the North, which can be useful for a city of the South?”

The outcomes of this Chapter will allow to draw conclusions on the trans-
ferability of elements of the renewable energy planning approach of the City of
Aachen to cities in developing countries. Furthermore, a basis will be formed
upon which the fundamental differences between renewable energy planning ap-
proaches for cities of the North and the South can be highlighted. A comparative
analysis of a city of the North and a city of the South will be carried-out in
Chapter 5.

The case study on Aachen considers four key elements. In a first step, Aachen
shall be situated in its historical context of renewable energy planning. Here, it
shall be shown how the City of Aachen dealt with the different challenges in the
field of renewable energy usage during the last decades. The second element is a
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status quo analysis and a brief projection regarding the energy sector of the City
of Aachen. It will be investigated which energy resources are used, and what the
potentials of renewable resources are. The third element emphasises the investi-
gation and description of the decision making process that lead to the planning
of a wood gasification plant in Aachen. This will give insights into planning pro-
cesses regarding renewable energies in the City of Aachen based on a practical

example. Eventually, further potentials of energetic usage of wood based materi-

als within the city boundaries will be identified and discussed. This last element
is of special importance regarding the level of detail regarding data collection in
comparison to a city of the South (see Chapter 5), and the comparison of results
for the MFA carried-out for wood-fibre based material streams in Cape Town

under Chapter 7.

4.2 Method of Data Gathering

For this Chapter, the method of data gathering is mainly based on i) completed
studies commissioned or initiated by the City of Aachen or the Public Services
Company of the City of Aachen - Stadtwerke Aachen AG (STAWAG), and ii)
interviews with key players in the field of renewable energy planning in Aachen.
These interview partners are cited as follows in alphabetical order with their

respective position:

e Dipl.-Ing. Wolf von Fabeck, Honorary Director and Founding Member
of the Development Association for Solar Energy, Germany (Solarenergie
Forderverein Deutschland e.V. (SFV))

e Dipl.-Ing. Dirk Heckmann, Project Manager, Technical Marketing of Non-
Conventional Energy Solutions, STAWAG

e Dipl.-Ing. Klaus Meiners, Head of the Division for Immission Control, De-
partment for Environment of the City of Aachen

e Dipl.-Ing. Leonhard Unterberg, Project Leader, STAWAG Energie GmbH
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e Dr.-Ing. Christian Wirtgen, Chief Engineer of the Coking, Briketting and
Thermal Waste Treatment Group (KoBrA) of the Rheinisch-Westfélische
Technische Hochschule (RWTH) Aachen University, and Leader of the Co-
ordination Office for Biomass

4.3 History of Energy Planning in the City of
Aachen

The history of energy planning of the City of Aachen is strongly interlinked with
the history of energy planning of Germany and Europe. Thus, the following Sec-
tion will start with the enactment of the first law on energy economy in the year
1935 in order to concisely describe the economical, political and legislative devel-
opment of the framework for energy planning of the City of Aachen. Eventually,
a special emphasis will be laid upon the dynamics between the sectors of waste
management and energy in order to find out to which degree this interface has
already been considered in Aachen’s energy policies.

4.3.1 The Beginnings of a Regulated Energy Economy

The following passage has been summarized and translated from Hufmann &
Meiners (1991).

“Energy in its variety of forms is necessary and essential for the economic
development of Germany and the wellbeing\of its citizens.” (Engelmann, 1990).
Therefore, the energy sector is considered as a key industry (motor of the econ-
omy), delivering an important basic product to the whole economy.

Energy politics of the Federal Republic of Germany orientates itself at the
Energy Industry Act (Energiewirtschaftsgesetz (EnWG)), 13.12.1935, a law that
was issued under the Third Reich period. Energy policy was in line with the
maxim of most secure and cost-effective energy supply. Step by step, these goals
shifted in priority, and new energy policies gained in importance (e.g. protection
of environment and resources).

In the 1950s and 1960s, especially the aspects of security of supply and inter-
national competitiveness of the German industry were predominant (Hohmeyer,
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1989). The goals of energy policy were to acquire new energy resources in order
to broaden the variety of energy carrier supply, as well as to inhibit energy price
augmentations (Jochimsen, 1984).

4.3.2 The Birth of a Sustainability Mindset

The oil price crises occured in 1973 and 1979. At that time, the USA and the
- current Organization of the Petroleum Exporting Countries (OPEC)-states were ™ ~
the essential oil producers. After the USA had surpassed their production max-
imum, the OPEC-states, only accounting for 38% of total oil production, were
able to trigger an offer restriction and a substantial increase of the oil price due
to a reduction in oil production (Schindler & Zittel, 2000).

At the beginning of the 1980s, after both the oil price crises and the acknowl-
edgment that the stock of fossil resources is limited (Euler, 1984), the environ-
mental consequences of an unlimited growing energy consumption shifted to the
focal point of the discussion on energy politics. A readjustment of the energy-
political course became necessary. This is also stated by the fact that the most
important environmental issues are still closely related to energy politics and en-
ergy economy (von Weizsicker, 1988). The restructuring of the energy economy
developed itself to a task of high political and economic weight (Euler, 1984).

Meiners (2005) states that “the discussion around finite reserves of fossil re-
sources and the protection of environment and climate had led to the consideration
of alternatives to the conventional energy production based on fossil energy carri-
ers. Possible alternatives were by then renewable and nuclear energy. Eventually,
the usage of nuclear energy revealed to be coupled to comparatively high environ-
mental risks, which led Germany to phase out its nuclear energy program, i.a.
due to high pressure from environmental activists”.

4.3.3 Development of the “Aachener Modell”

Up to the end of the 1980s, environmentally concerned political parties, most
notoriously the left-wing party “Die Griinen”, kept the discussion alive around
the topics of environmental protection, finite fossil resources and the phasing out
of the nuclear program, although taking a rather passive and destructive position.
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(Meiners, 2005) states that “at the beginning of the 1990s, a change of paradigm
within the party Die Griinen led to its active participation in the shaping of a
sustainable energy supply landscape in Germany, which could be felt in the City
of Aachen as well”.

In the period 1991-199%4, the much cited “Aachener Modell” was developed.
A question which had to be answered - acknowledging that the development
of renewable energy technology could not be stopped anymore - was based on
the prevailing ambiguity as to when renewable energy technology should be in-
troduced. From a microeconomic point of view, free market dynémics would
allow renewable energy technologies to penetrate the market place only once
these technologies would be economically viable alternatives to their fossil coun-
terparts. From a macroeconomic perspective, external costs would have to be
considered, which would create an advantageous climate for the introduction of
renewable energy technologies due to the pressure of minimizing costs; a side-
effect would be the increase of job creation due to economic stimuli triggered by
the development of new technology. The City of Aachen decided to adopt the
macroeconomic perspective, and developed a subsidization model for renewable
technologies (“Aachener Modell”) in order to accelerate their market penetration.

In 1994, the introduction of the Aachener Modell was adopted by the city
council of Aachen (Meiners, 2001). In the period from 1995 to 1999, the public
service companies of the City of Aachen, STAWAG and Aachener Strafienbahn
und Energieversorgungs-AG (ASEAG), mainly supported the erection of photo-
voltaic installations by buying the generated electricity fed into the public grid.
The buy-back price for generated electricity was set to DM 1.76/kWh (ca. ZAR
7/kWh). The amount was contractually guaranteed for the technical lifespan of
the installation. The Aachener Modell was at first restricted to the financing of
photovoltaic and wind powered installations. ,

The City of Aachen made a budget of ca. €1.5 million (ca. ZAR 12 million)
available for the realization of the Aachener Modell. This subsidization model
was financed by redistributing the costs to the totality of standard electricity
customers. This resulted in an increase of the price for electricity of 1%. As the
Aachener Modell was introduced before the liberalization of Germany’s electricity
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market, and Aachen’s citizens being obliged to buy electricity from the communal
authorities, the price increase was quite easily introduced.!

A countrywide impulse was noticeable at this point in time, as several cities
beside the City of Aachen started simultaneously with the implementation of
renewable energy concepts. When big industrial companies such as Siemens
Aktiengesellschaft (AG) and Bayer AG decided to invest in renewable energy

Eventually, a total of 240 photovoltaic projects were or still are being financed
via the Aachener Modell with a total capacity of ca. 1,000 kW (Stadt Aachen,
2001). Besides the environmentally sound effects achieved via the focused support
of renewable energy technologies, the manufacturing of photovoltaic cells started
in Aachen, consolidating the city as a business location.

Due to an innovative energy planning approach, and the implementation of a
renewable energy financing model, the efforts of the City of Aachen were finally
accredited when the Aachener Modell was adopted as the basis for the develop-
ment of the German Renewable Energy Sources Act (EEG) introduced on the
1.4.2000.

The introduction of the EEG triggered a nationwide boom in the entire field
of renewable energies. As for the Aachener Modell, the subsidization via the
EEG is financed through the redistribution of overhead costs to the standard
electricity customers. The introduction of the EEG notably caused a decrease
of investments in PV-projects in Aachen, as the subsidization is lower than the
subsidization via the Aachener Modell (von Fabeck, 2005).

BMU (2007) sates that the generation costs for fossil based electricity amounts
to approx. €0.02-0.05/kWh in 2006, whereas the EEG-subsidisation for electric-
ity generated from renewable sources is on average €0.10/kWh for the same year.
Especially regarding the different renewable energy sources, meaningful differ-
ences can be observed. Whereas the subsidisation for wind-generated electricity
is approx. €0.15/kWh, electricity generated via PV-solar systems amounts to
approx. €0.52/kWh, a factor 10 bigger than the generation price for fossil based

1t has to be noted that socio-political activists were against the redistribution of the costs
to the totality of the population, as economically weaker population groups would be disadvan-
taged.
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electricity. Biomass-based electricity is subsidised with approx. €0.15/kWh.
These numbers show that electricity generated from renewable energy sources is
not yet competitive with its fossil fuel based alternatives. Meiners (2005) states
that the renewable energy market developed itself slower as initially expected.

4.3.4 Current Policy Framework

Currently, the policy framework for renewable energy planning for municipalities
in Germany is mainly regulated by three key documents, which will briefly be
introduced in the following Section. There is no additional legislation emitted on
the municipal level to foster the growth of the renewable energy market.

4.3.4.1 EU Directive on Renewable Energy Sources

The European Union (EU) Directive on the Promotion of Electricity Produced
from Renewable Energy Sources in the Internal Energy Market (EU, 2001) was
adopted on the 27.10.2001. The purpose of this directive is to create the basis in
the electricity sector for doubling the share of renewable energies to 12% of the
total EU energy consumption until 2010. The share of renewable energy sources
in the electricity production of the entire EU shall then increase from 14% in
1997 to ca. 22% in 2010.

In order to achieve this goal, indicative goals are set for the member states
regarding the share of renewable energy sources in their electricity production.
For Germany, this goal is set to be 12.5% by 2010. This corresponds to a doubling
of the 6.25% in 2000. The member states are responsible for the means they
utilize for achieving these goals. The role of municipalities has not explicitely
been adressed.

4.3.4.2 German Energy Industry Act

In Germany, energy regulation is mainly subject to the German Energy Industry
Act - Energiewirtschaftsgesetz (EnWGQG) - which is federal law. A new EnWG
(BMU, 1998) dealing with the general structure of electricity and gas markets
came into effect on 29 April 1998, and is directed towards the liberalization and
deregulation of the German electricity and gas markets with the intention to lower
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prices for electricity and gas to a competitive level within the European common
market. The amending law serves to implement the EU directive concerning
common rules for the internal market for electricity into national law, in particular
by changing the EnWG of 1935 (see Section 4.3).
According to the Federal Department of Environmental Affairs (BMU, 2005a),
a further step towards the liberalization of the German energy market has been
_achieved by the new amendment of the German Energy Industry Act (BMU,

2005b) on the 1st of July 2005. Due to a growing competition in the energy sector,
energy supply will become more user-friendly, and energy prices will decrease in
the long-term. The support of renewable energies as promoted by the German
Renewable Energy Sources Act has fully been integrated to the Energy Industry
Act, and is furthermore supported by additional guidelines.

The responsibility of energy provision lies no longer with the municipalities
as governmental bodies as such, but with the energy provider with the majority
of connections in a specific area of the grid (e.g. public/private sector compa-
nies). The responsibility of energy provision does not apply if the connection and
provision of a potential customer is not commercially viable.

4.3.4.3 German Renewable Energy Sources Act

The German Renewable Energy Sources Act (EEG) was issued on the 29** of
March 2000. Its latest amendment was on the 21% of July 2004 (BMU, 2004),
and it is binding in its current form since the 1% of August 2004.

It is the aim of this law to protect nature and environment, to contribute to the
avoidance of conflicts around fossil energy resources, and to support the further
development of technologies for the generation of electricity based on renewable
energy. Furthermore, it is the aim of this law to contribute to the achievement of
the renewable energy goals of the Federal Republic of Germany, namely 12.5% of
electricity supply based on renewable energy by 2010, and 20% by 2020 (see EU
Directive on Renewable Energy Sources).

This law regulates the prioritized connection of plants for the generation of
electricity based on renewable energy to the general electricity supply grid, the
prioritized take-over, transmission and remuneration of this electricity by the
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grid operators, and the countrywide balancing of the provided and remunerated
electricity.

The Renewable Energy Sources Act defines a financing mechanism in order
to attract investment from private and public sectors in the field of renewable
energies in the recently privatized energy sector (see 4.3.4.1).

4.3.5 Energy Planning in the City of Aachen

The Office of Environmental Affairs (Umweltamt) and the Energy Advisory Board
(Energiebeirat) are the two institutions of the City of Aachen dealing with en-
ergy matters. The Public Services Company of the City of Aachen (STAWAG),
initially being a private company owned by the City of Aachen, became a Public
Limited Company (PLC) in 1967, the majority of its shares belonging to the City
of Aachen.! See Appendix 77 for the STAWAG holding organigram.

The STAWAG supplies as a multi-utility company the domestic, commercial
and industrial sector with electricity, gas and heat via its grids.2 The lion share
of energy fed into the grids is supplied by third party energy providers such as
Rheinisch-Westfilisches Elektrizititswerk (RWE) AG® and E.ON AG*. In 2003,
the STAWAG contributed 0.25% to the electricity supply from own plants (Com-
bined heat and power (CHP) plants and natural gas expansion plant); regarding
the supply of district heat, the STAWAG contributed ca. 17.1% (STAWAG,
2003).

According to Meiners (2005), “integral energy planning is not anymore under-
taken by the City of Aachen. In 1994, the City of Aachen released a framework
energy concept (ENERKO, 1994), which turned out to be too rigid. As the key
challenges in the field of renewable energies are generally known, the City shifted

to the publication of implementation-oriented part-concepts such as the ‘Action

1The STAWAG has got 2 Chief executive officers (CEOs) (Dr. Dieter Attig and Dieter
H.H. Stolte), as well as an executive board being constituted of 15 political members (chief
mayor, city director, worker’s representatives, chamber members, as well as expert citizens)

(Stadt Aachen, 2004).
2The STAWAG also supplies water, which is not of relevance in this context.
Swww.rwe.de
4www.eon.com
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Plan for Climate Protection 2010’ (‘Handlungskonzept Klimaschutz 2010°) (EN-
ERKO, 1998)! and the development and implementation of projects”.

Meiners (2005) says furthermore that “there are no fized renewable energy tar-
gets for the City of Aachen either”. Since the deregulation of the German energy
market by the new German Energy Industry Act of 1998 (see Section 4.3.4.3), lo-
cal government has less authority over the energy sector as before, where citizens

relies on existing energy market dynamics for the achievement of its renewable

energy goal set by the EU (see Section 4.3.4.1). It actively promoted a price ad-
vantage for renewable energies via the EEG (see Section ?77). Local government,
i.a. the City of Aachen, supports the created market platform. In case the re-
newable energy goals set by the EU are not met, investments in this sector must
be rendered even more attractive, mainly by increasing subsidisation as regulated
by the EEG.

A series of studies and academic theses have been undertaken dealing with
the potentials of renewable energy usage in Aachen:

e Wind

— Integral investigation of wind potentials Aachen-Nord-West (Kluttig,
1993)

— Potentials of usage of wind energy (Kluttig, 1994)
e Solar

— Potential contribution of photovoltaics to the electricity supply of
a city (Bischof, 1993), diploma thesis written in collaboration with
STAWAG?

e Biomass

1In autumn 2005, an update of the “Action Plan for Climate Protection 2010” was expected.
2 According to von Fabeck (2005), “the outcomes of the thesis were quite remarkable, as it

was suggested that the entirety of all south-oriented roof areas are sufficient for supplying up to
50-65% of Aachen’s energy needs via photovoltaics. This turned out to be too optimistic. Using
@ more conservative approach, the specific roof areas would be sufficient to meet ca. 25% of
Aachen’s energy needs in 100 years”.
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sets new standards in the field of energetic biomass utilization. Via a coordina-
tion office at the Institute for Cokiﬁg, Briquetting and Thermal Waste Treatment
(KoBrA) of the RWTH Aachen University, a number of different university insti-
tutes work together with the STAWAG and the company Choren Industries based
in Freiberg, Saxony. The company CHOREN Industries developed the patented
Carbo-V(®-process for the production of wood gas, with which Aachen shall be
supplied with electricity and heat.

According to Charl (2005b), the project with a total investment volume of
€44 million is in its authorization process at the point of writing. The plant
feed consists of untreated wood wastes from forests and landscaping. The wood
wastes are downsized and dried in a wood processing plant. The wood chips are
subsequently transformed to wood gas in a multiple stage process. An innova-
tion is that a proven tar-free gas is produced from wood. This gas can be used
without problems in conventional gas engines without any traces of tar in order
to produce gas and heat. The complete plant has an electric efficiency of 33%,
being substantially higher than the efficiency of conventional wood combustion.

4.5.2 The Decision Making Process

In order to achieve a feasible plan for the wood gasification plant, a series of
decisions had to be made. In this Section, this process shall be described in
order to offer a basis for the comparison to similar processes in other cities. The
different planning steps will be described in chronological order as given by the

time line in Appendix B.

4.5.2.1 Initial Motivation

Unterberg (2005) states the following: “the starting point of the planning process
for the wood gasification project was the will of the STAWAG executive board to
support the image of the City of Aachen as a pioneering and environmentally
conscious city by implementing an innovative impulse project in the field of re-
newable energies. After several board meetings, the project was approved. The
project itself shall create jobs in the region of Aachen. The maturation of the
technology shall secure jobs in Germany, and render the technology exportable.”
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-

A need of the population for a specific energy carrier is not given, as there
is not (yet) a shortage of electricity, heat or liquid fuels. However, there is a
more imminent need to stabilise the economy by investing into future oriented

technologies.

4.5.2.2 Preselection of the Resource

(Wirtgen, 2005) states that “as the renewable energy sources wind power and
photovoltaics had already been assessed in detail during the energy supply history
of the City of Aachen', it was political will to shift the focus to the renewable
resource biomass. An advantage of biomass as a renewable resource is that it can
easily be stored, which allows a steady and secure supply of the resource, as it is
not the case with wind power and photovoltaics”.

Two studies were undertaken in order to investigate the resource potentials
for biomass, i.e. wood, in the region of Aachen (see Section 4.3.5). Wirtgen
(2005) states furthermore that “t was established that there is sufficient fresh
wood in the region of Aachen and its immediate surroundings in order to use it
as a renewable energy carrier. The City of Aachen is thus in the position to meet
its fuel wood needs by its own means. Additional costs that would have arisen
from importing fresh wood from other regions in Germany or Europe would have

threatened the economic viability of the wood gasification project”.

Study on biomass potentials In 1998, a study on biomass potentials was
undertaken (Kluttig et al., 1998), investigating in detail the options of energeti-
cally using organic wastes, wood and agricultural biomass such as animal manure,
straw and energy crops in the region of Aachen. The overall CO;-reduction poten-
tial was estimated at about 40,000 t/a, equaling 2% of Aachen’s overall emissions
including the transport sector, which is quite a substantial value for a city of
the size of Aachen. “The study clearly illustrated the potentials for biomass based
energy applications” (Meiners, 2001).

1gee Section 4.3.3
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Study on potentials of fuel wood for the area Aachen/Eifel The study
on potentials of fuel wood for the area Aachen/Eifel was undertaken by VIKA
(2000) for the Kathy Beiss foundation in Aachen. It was aimed to understand
the potentials for a fostered use of wood as energy carrier.

The motivation for this study was to acquire additional knowledge on quan-
tities, qualities and prices of the energy carrier wood, as it is a major factor of
uncertainty in the decision-making process. The study outlined the current sta-
tus of the wood sector in the region Aachen/Eifel, concluding that it is not yet
adapted to an energetic utilization of wood: a regional market for fuel wood can
not yet exist, due to an insufficient number of potential customers.

The study had to be commissioned by the STAWAG, as the City of Aachen
is not responsible for matters that extend beyond the city boundaries, as here,

the region Euregio Maas-Rhine was considered.

4.5.2.3 Selection of the Conversion Process

As the emphasis of the investments of the STAWAG in the field of renewable
energies were to be focused on the energetic usage of biomass, only a restrained
number of families of conversion processes was theoretically available (Scahill,

2004):!
e Combustion
¢ QGasification
e Pyrolysis

Anaerobic digestion

e Fermentation

Esterification

¢ Hydrolysis

1see Section 2.2.7.2
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The different families do have several advantages and disadvantages respectively,
which makes it necessary to make a trade-off according to the criteria of the
decision-making process.

Wirtgen (2005) states that “the combustion process has a lower efficiency
compared to the gasification process. This is of further importance, as the EEG-
subsidization depends on an efficiency minimum. Furthermore, the combustion
- process only produces electricity and heat, whereas the gasification process enables

the production of electricity, heat and liquid fuel. The remaining processes, e.g.
pyrolysis and hydrolysis, are not yet ready for the market especially on an in-
dustrial scale, and are therefore no viable options compared to the gasification
process. Eventually, the main reason for the selection of the gasification process
was its higher overall efficiency as compared to a classical steam-cycle process”.

Wirtgen (2005) says furthermore that “an other utilization option for wood
s the production of chemical products”. Up to the point of writing, no market
analysis for chemical products based on wood has been undertaken.

4.5.2.4 Creation of a Coordination Office

The interdisciplinary research and development work within the project includes
the acquisition, logistics and processing of the biomass, the thermal process tech-
nology as well as the energy production, and the legislation on environment and
energy.

As a process at such an order of magnitude represents a novelty, the STAWAG
secured itself the competencies of the RWTH Aachen University on a contractual
basis via the establishment of a biomass coordination office. The coordination
office is led by the Institute for Coking, Briquetting and Thermal Waste Treat-
ment (KoBrA) of the RWTH Aachen University. All research activities related
to the wood gasification project between the STAWAG and the RWTH Aachen
University are coordinated by this office (Charl, 2005c¢).

4.5.2.5 Selection of the Conversion Technology

At the time of writing, a series of gasification technologies are available on the
market, listed as follows by country of origin of the technology provider (see Gajic,
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2005):
e Austria

— BioCoComb project (Zeltweg, Austria)
— FICFB plant in Giissing

e Denmark
— Carbona technology

Finland

— Coal power plant Kymijarvi in Lathi, Finland - Biomass gasification

for co-combustion

Germany

— “Blue Tower” or “Selective Conversion”

— Carbo-V(®)-process

Sweden

— TPS Termiska Processer gasification technology
— Vérnamo IGCC pilot plant

e USA
— SilvaGas process

Most of the technology providers stem from Scandinavian countries (Denmark,
Finland, and Sweden), followed by Austria and Germany. Only one technology
provider stems from the USA.

The STAWAG decided to go for the patented Carbo-V(®)-gasification process,
as represented in Figure 4.4. The choice of the Carbo-V(®)-gasification technology
was made due to a number of technical and econo-political arguments.

A first technical argument is the multitude of potential input feeds, rang-
ing from coal to wood chips over shredded waste wood to organic residues from
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mechanical-biological waste processing. A second technical argument are the
application options for the produced gas, ranging from electricity and heat gen-
eration via gas turbines and gas engines to the production of liquid fuels via
a Fischer-Tropsch-synthesis. Further advantages of the Carbo-V@®)-process are
the production of tar-free gas, high H,- and CO-contents, high electric efficiency,
cold-gas efficiency of over 80%, and low emissions. Potential disadvantages in
compa.rlson to other processes are the necessmy of two reactors, the complex

combination of the different process steps, ‘the necessmy of additional coke pro- .

cessing, and the relatively high costs of the gasification process as such (Gajic,
2005).

According to Wirtgen (2005), “the contact to the company CHOREN was
made on a level of market-economy, most obviously via a personal contact during
a technology exzhibition, CHOREN 1is momentarily market leader regarding the
Carbo- V(®)-technology, which means that the selection of the technology provider
happened unsystematically”. In order to acquire the necessary know-how, the
STAWAG secured its access to the Carbo-V(®-technology through a license agree-
ment with the company CHOREN Industries GmbH in Freiberg/Saxony.!

At the point of decision making, the Carbo-V(®)-process appeared to be the
best possible technology. It is at the point of writing that critical voices rise
claiming that the license agreements have been made too early, as there are
doubts about the suitability of the process for the achievement of the defined
goals. (Meiners, 2005) states the following: “At the point of licensing, the process
was considered as the best available technology, however the technology s a non-
standardized process. This appeared to be a weak spot afterwards, as the process is
still not operating stable at the moment of writing. It was an act of entrepreneurial
risk-taking of the STAWAG to make an early decision for the CHOREN-process.”

Technology description The following passage has been summarized and
translated from (Gajic, 2005) and is based on Wolf (2001), Wolf (2002), CHOREN
(2005), Bandi & Specht (2004), FVS (2003).

In the Carbo-V@®)-process as depicted in Figure 4.4, an autothermal low-
temperature gasification is coupled to an autothermal flue gas gasification, in

1See Section 4.5.2.12 for details on tendering process.
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4.5 Renewable Energy Planning

The wood gasification project as described in Figure 4.7 contains, in addition
to the locations for the CHP plants, two plants which have to be erected in the
City of Aachen area, which are as follows (Charl, 2005a):

e A wood processing plant for ca. 75,000 t/ a assuming the following tasks:

— Wood reception (wood is stored at gathering spots in the forest)

— Processing and drying (output ca. 58,000 t/a, w=15%)

e A wood gasification plant (fuel capacity: 30 MW;,) on location RWTH
Melaten-Seffent consisting of:

~— Two low-temperature gasifiers

— One high-temperature gasifier

— Wood gas cooling, cleansing, and storage

e A wood gas distribution grid and five locations for energy generation con-
sisting of:

— Ca. 5 km conductor length
— 4 decentralised locations:
* Location electric power transformation station STAWAG Seffent:
- CHP-module, 1 MW,
. CHP-reserve, 2 MW,
* Location CHP plant Laurensberg-Rahe
- CHP-module, IMW,;, 1.13 MW,
. Heat supply for student residence Riitscher Strasse
- Heat supply for 300 households
* Location CHP plant Kastanienweg:
- CHP-module, 1 MW, 1.13 MW,
- Heat supply for student residence Kastanienweg

* Location CHP plant Bendplatz
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- CHP-module, 2 MW, 2.25 MW,

- Heat supply for company Lindt&Spriingli GmbH (chocolate
factory)

— 1 central location of wood gasification plant:

* Location RWTH Melaten-Seffent

. Condensation steam turbine, SMW

. CHP-module, 2 MW,

As a district heat grid is prone to substantial losses, only buildings and indus-
try in close proximity are supplied with heat from the CHPs plants. Note that
excess heat is utilised within the wood gasification process itself.

Dimensioning of the Plant The limiting factor for the dimensioning of the
overall plant is the wood gasification reactor. (Wirtgen, 2005) states the fol-
lowing: “In Freiberg/Sazony, a 1MW-plant was tested. Aachen’s plant has been
dimensioned at 30 MW. This is already a challenge from a process systems engi-
neering point of view, as the plant has been dimensioned a factor 30 bigger. An
even bigger plant would bare too many technical risks, as there are no experiences
yet for such dimensions. A smaller plant would not be economically viable, as
generally, the bigger the plant is, the more financially viable it is (economy of
scale). The splitting of the electricity generation to 4 distinct locations is based
on the higher subsidisation through the EEG, and the utilisation of heat”.

4.5.2.10 Feasibility Study

The costs of the project are estimated as shown in Table 4.4. The major share of
the costs are allocated to the wood gasification plant, accounting for €27 million.
The costs for the CHP plants and the gas grid are estimated at around €12
million, whereas the wood processing only accounts for approx. ‘€5 million. Thus
total costs for the wood gasification project are estimated at around €45 million.

The detailed cost calculation could not be accessed, as it contains economically
sensitive data. Unterberg (2005) says that “the financing model is based on bank
loans over 10 years time. Financing sources are the subsidisation through the
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Section [million €]
Wood gasification plant 27.0
Blockheizkraftwerk (BHKW) and gas grid 11.8
Wood processing 4.9
Total 43.7

Source: Charl 2004

Table 4.4: Cost Estimation: Wood Gasification Project

EEG, the earnings from selling heat to local customers, and possible additional
funding from the Department of Environmental Affairs [Bundesministerium fir
Umwelt, Naturschutz und Reaktorsicherheit (BMU)J”.

Approval Process Heckmann (2005) says “not the municipal government, but
the regional government is responsible for the approval process based on the 4t
German Federal Immission Protection Ordinance (4. BImschV') due to the di-
mension of the project. The approval process is lead by the regional government
of Cologne as approving authority. The start as well as the end of the approval
process is published in the federal report and local newspapérs”.

During the approval process, emission and material cycles are analysed amongst
other things. CO;-emissions are not considered, as CO; is a contributor to the
global warming phenomenon, but is not considered as a toxic substance as such.
Noise emissions have also been considered; it can already be stated that noise

emissions will be minimal.

Environmental Impact Assessment Heckmann (2005) says furthermore that
“within the framework of the approval process, a pre-assessment of the single case
has been undertaken, proving that an environmental impact assessment is not nec-
essary, as the construction and the operation of the plant do not implicate mean-
ingful environmental impacts. As the STAWAG went public at an early stage in
order to introduce its project, all objections and ambiguities could be clarified with

the citizens beforehand”.

1(BMU, 1985)
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During the approval process, objections to the project can be made public
within 14 days. As the wood gasification plant can be considered as a closed
system during normal operation, emissions occur when it comes to the wood gas
combustion in the CHPs plant. Though, the emissions lie substantially below the
levels of standardised CHPs plants which are run with fossil fuels. As opposed
to conventional power plants, the wood gasification process has a neutral CO,-

balance. Per year, 45,000 t of CO, are saved. Also, the amount of nitrogen-

emissions from the CHP plants are low, as the nitrogen-compounds in the feed
material wood are low. The high content of carbon monoxide in the wood gas is
diminished through catalysts in the CHP-engines, so that the emission levels are
below the required levels here as well. Furthermore, the growth of wood exceeds
the amount of used wood in Europe since the 1950s, which means that the threat
of potential deforestation has been neutralised as well.

4.5.2.11 Further Limitations Regarding the Resource

The wood which will be used as input material for the wood gasification plant
will mainly stem from within a radius of ca. 70 km. A transport from forest areas
further than that would not be economically and ecologically viable. Type and
source of the wood is given by a certificate from the provider. The background is
that the EEG from August 2004 only supports the generation of electricity from
biomass if the biomass has exclusively been harvested for the purpose of electricity
generation. In the case of wood, one talks about fresh wood, as opposed to other
untreated wood such as wood chips. In order to harvest the fresh wood from the
forest of the Euregio, ca. 20 jobs are created. “Via the certification mechanisms,
the STAWAG can produce evidence from harvest to processing as to where the
wood comes from in order to apply for subsidisation via the EEG” (Wirtgen,
2005).

A further reason for the selection of fresh wood as feed material is the residen-
tial area directly surrounding the plant. The utilisation of treated waste wood
would have increased the costs for the reduction of pollutants by air cleansing on
the one hand. On the other hand, the adjacent residents would have formulated
complaints during the licensing procedure.
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[m®/a] [MWh/a]

Soft wood 69,855 153,600
Hard wood 109,000 258,700
Total 178,855 412,300

Source: VIKA 2000

Table 4.5: Fuel Wood Quantities and Energy Content for the Region Aachen/-
Eifel

The plant will be fed with 70,000 t/a of fresh wood, requiring a cultivation
area of 20,000 ha. As can be seen in Table 4.5, a total amount of ca. 400 GWh/a
of energy are bound in softwood and hardwood in the region Aachen/Eifel.!

4.5.2.12 Implementation Phase

(Unterberg, 2005) states the following: “The STAWAG set itself the target to
achieve a renewable energy capacity of 20 MW by the year 2011. This goal
would have been achieved by installing the first 10 MW, of the wood gasification
plant by the end of 2006. Ewvery following year, the capacity would have been
increased by another 2 MW.”?

In order to implement the project in the set timeframe, STAWAG had firstly
to officially tender the wood gasification project, as it is an enterprise of the
public authorities. The core technology - the Carbo-V(®)-process - has already
been confirmed; the technology supplier CHOREN has been confirmed as well.
Although the provision of the core technology does not have to be tendered, all
standardized services must be tendered. This is embodied in the assignment
right. The invitation to tender for the wood gasification project has been issued
on the European level. However, the implementation process has been stopped
at the moment of writing, as the the project is not yet economically viable.

(Wirtgen, 2005) states that “the lowest quotation ranged at about €55 million.
This exceeds the initially calculated price by ca. €10 million. The main reason
is the implementation of the Carbo-V(®-technology from a process systems point

In the study undertaken by VIKA (2000), wood wastes from the wood processing industry

were not taken into account, as it is considered being a cross-regional issue.
2The project plan could not be accessed as it is a protocol of a management board meeting.
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of view, which rose from €20 million to €30 million”. (Meiners, 2005) argues
furthermore that “the commissioning of the plant has been rescheduled for two
years, as economic viability was not yet given. On the other hand, this leaves
a time window of two years during which the Carbo-V(@®-technology can be opti-
mised, as the stableness of the continuous operation (7,500 full load hours/a) has
not yet been verified. A similar plant has not been commissioned in Germany so

far”.

4.6 Further Potentials for Energetic Wood Util-
isation

Besides the amount of fresh wood which has been considered as fuel for the wood
gasification plant as described in Section 4.5.2.11, there are other wood fibre
based material streams within the boundaries of the City of Aachen which are
potentially suitable for energy recovery.

In the following Section, two documents will briefly be analysed regarding data
availability on further wood-fibre based resources suitable for energetic utilisation.
These documents are!:

e Study on biomass potentials for the City of Aachen (Kluttig et al., 1998)

e Waste management concept for municipality and City of Aachen, 1993, as
amended in 2001 (AWA, 2001)

The purpose here is to investigate the level of detail regarding the collection
of data - which is an integral part of a renewable energy planning process - for
renewable resources within the City of Aachen. These insights are of importance
regarding the comparison of the renewable energy planning processes of two cities
respectively of the North and South in Chapter 5, and the Material Flow Analysis
(MFA) in Chapter 7.

Furthermore, the wood bank initiative of the City of Aachen will briefly be
introduced and analysed regarding its potentials regarding the avoidance of CO.
emissions.

1See Section 4.3.5
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4.6.1 Wood Fibre Based Material Streams

As given by Table 4.6, a total amount of approx. 70,000 t/a of wood is potentially
available in Aachen itself (as opposed to the region Aachen/Eifel). Considering
the amount of energy being made available via these sources without previous
drying during storage, a total amount of 115 GWh/a are available. Including
a preliminary drying period, the available energy would amount to approx. 140
GWh/a. The biggest amount of woody material stems from sawmills (wood
chips), accounting for approx. 27,000 t/a, followed by Aachen’s total growth of
wood in forests, parks and gardens of about 20,000 t/a, and wooden materials
within Aachen’s waste streams, accounting for approx. 9,000 t/a.

Interestingly, due to a moisture content of approx. 7%, the energy yields from
wooden materials within Aachen’s waste streams are high compared to those
from sawmills or Aachen’s total growth, accounting for approx. 30 GWh with or
without previous drying (storage). This said, it might be interesting to have a
closer look at the waste streams within the City of Aachen, as depicted by Table
4.7.

Approx. 3,000 t/a of waste wood as a separate fraction is generated yearly,
whereof the majority is being reutilised or recycled. Only 34 t/a is being thermally
treated, and 34 t/a is being disposed. This leaves an amount of approx. 6,000 t
of wood waste (9,000 t/a - 3,000 t/a) which is included in the categories MSW,
bulky waste, market waste, street swipings, builder’s rubble, gully cleansing and
paper & cardboard.

Summarily, it can be said that wooden material streams the most attractive
for thermal utilisation are those that arise in high amounts, neat fractions, and
having a low moisture content. In this case, the most attractive material streams
would be wood chips from sawmills and clean wood wastes fractions which are
not mixed to other waste materials.

However, Meiners (2005) states that “all available material streams have been
analysed regarding their recovery potentials, and that material streams are being
recovered where this is economically viable. This means in other terms that by
2005, none of the remaining material streams is suitable in terms of quantity

and/or quality for energetic recovery from an economic perspective”.
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woods
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4.6.2 The Wood Bank

Another initiative which has been developed by the City of Aachen is the wood

bank, as given by Vankann (2002). In order to heat a one-family-house under mid-

European climatic conditions, ca. 20 m3/a of fuelwood are necessary. Aachen’s

fuel wood subscription provides residual wood from the forest cultivation as fuel

wood. Precondition for subscribers are an environmentally sound wood combus-

tion-device (open fire ptaces-arenot suitable)-outside-of the-immission-threatened— —————-
city bowl. The wood can be purchased for €10/m® from the municipal forestry

office. More than 60 inhabitants of Aachen made the subscription, and use ap-

prox. 800m?/a of fuel wood. The environmental advantages are savings of fossil

fuel and avoidance of CO,-emissions.

Back-of-Envelope Calculation: Avoidance of CO;-Emissions According
to Jungmeier (1999), the emissions of CO,-equivalent of a light il central heating
system based on a Life Cycle Assessment (LCA) is 399.32g/kWh, whereas a
modern wood log central heating system emits 32.42g/kWh of CO,-equivalent,
which gives a difference of 366.90g/kWh (ca. 0.35kg/kWh). Based on a wood
density! (pine) of ca. 0.5t/m® and a heating value? of approx. 15,000MJ/t, the
amount of avoided COz-eq emissions by combusting 800m?/a of fuel wood in a
modern wood log central heating system compared to the same amount of energy
converted in a light oil central heating system - assuming a similar efficiency for
both the conversion technologies - is calculated as follows:

800m3 /a * 0.5t/m® » 15,000M J/t x 1kWh/3.6 M J * 0.35kg/kW h
= 583.33tC 0O, — eq =~ 600tCO; — eq

4.7 Conclusion

The aim of this Chapter was to investigate the renewable energy planning process
of a city in the North, in this case the City of Aachen. It has been shown

lyww.simetric.co.uk/si_wood.htm
2http://en.wikipedia.org/wiki/Heating_value
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that the history of energy planning of Aachen is tightly interlinked with the
global, European and German history of energy planning. A strong environmental
element grew i.a. in the German energy sector over the last decades, which could
also be felt in Aachen. This lead to the development of the Aachener Modell
at the beginning of the 1990s, which was not a broad strategy, but a practical
financing model for renewable energy applications. The Aachener Modell was in
turn used as a template for the development of the German EEG.

By considering the legislation regarding the renewable energy sector in Eu-
rope and Germany, it was found that the role of municipalities was not addressed
explicitly, and that a strong shift towards the reliance on liberalised market dy-
namics is noticeable. The role of municipalities in the renewable energy market is
found as public partner in the implementation of projects. There is no additional
legislation on the municipal level in Aachen for the renewable energy sector.

Regarding the renewable energy sector, the City of Aachen shifted from broad
strategic planning to the development of partial implementation concepts, as this
proved to be more efficient. However, there is no renewable energy target for
Aachen. Furthermore, planners rely on a strong bureaucratic infrastructure and
a good data basis for the development of projects. Although Aachen made sub-
stantial efforts regarding the integration of renewable energy sources - especially
wind and solar - into its total energy mix, renewables still play a secondary role
as compared to fossil energy resources.

The analysis of the example of the wood gasification plant gave good insights
into the renewable energy planning process in Aachen. The driver of the planning
process is the political will of the city to foster its image as a green and pioneering
city in the field of high technology (i.a. in connection with its world renown
university), as well as to secure its market place through economic development.
A strong planning infrastructure and efficient coordination between the involved
parties proved to be necessary for carrying-out a high-technology project at this
order of magnitude and this level of complexity, especially against the backdrop
of a saturated an ailing economy. Still, the planning process had to be readjusted
several times, i.a. due to changes in the subsidisation model (EEG) in order to

secure the project’s economic viability.
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The renewable resource ‘wood’ was chosen based on technical and economic
facts, as well as its novel nature. The core conversion technology was chosen based
on econo-political reasons and entrepreneurial risk at an early stage, whereas stan-
dard services were officially tendered at the end of the planning process. The en-
ergy products were selected in order to ensure highest profitability. Interestingly,
a two-phase plan was developed regarding the types of energy carriers produced.
However, a weak spot lies in the lacking systematic consideration of options for

fossil fuel substitution in the industrial sector.

Problems emerged at the implementation phase, because of economic and
technical reasons, causing a delay of two years. As there is no energy shortage
or need for a specific energy carrier, the delay has no immediate consequences in
terms of social, economic and/or environmental aspects.

In the following Chapter, the case study presented in this Chapter will be
compared to the case study carried out for a city of the South in Chapter 3 in
order to identifiy similarities and differences in the renewable energy planning
approaches of both cities.
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5.2.3 Discussion

In both countries, energy security and economic development play a basic role.
But whereas in Germany, an environmental movement with a strong civil and
political tradition and lobby developed, South Africa’s priorities lay with social
issues related to the country’s poor.

It is also due to both the countries geopolitical position that the emerging
issues have been dealt with in a specific way. If Germany would not have had
to rely on energy imports for developing its economy, it is imaginable that its
economy would have been developed around the abundance of indigenous energy
resources, as it was the case with the USA (especially during the first half of the
last century - see e.g. Heinberg (2003)). It should be noted that a shift to the
development of renewable resources is partly due to the scarcity of Germany’s
own resources, and the possibility to develop a new export-driven technology
market. It should furthermore be noted that in the first half of the last cen-
tury, the scarcity of Germany’s resources was one main reason for its expansion
will in order to access new energy resources, which eventually lead to WW II
(see e.g. Heinberg, 2003). In the case of South Africa, a low availability of own
coal resources would have made the internationally embargoed Apartheid regime

economically inviable, thus leading to an earlier collapse.

5.3 Climatic and Demographic Framework

5.3.1 Climatic Conditions

The City of Cape Town is located at the southern tip of Africa in a Mediterranean
climate, characterised by a wet winter and a dry summer. The temperature range!
is 7°C and average annual precipitation is approx. 52 cm (Benders-Hyde, 2000).

The City of Aachen is situated in central Europe, being subject to a moist
continental climate. Seasonal changes between summer and winter are very large.
Daily temperatures also change' often. Abundant precipitation falls throughout

Difference between the highest and lowest average monthly temperature over a one year
period
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the year. The temperature range is about 31°C, and annual precipitation levels
at around 81 cm (Benders-Hyde, 2000).

The temperature range in Aachen is 24°C higher than in Cape Town, and
annual rainfall is 60% higher in Aachen. From an energy perspective, these
important differences in climatic conditions affect energy use patterns especially
regarding space heating during the winter months (see Section 5.3), and the
prevalent biome. The latter aspect'has especially repercussions on availability of

quantity and types ‘gfhbiomass, as well as availability of arable land for biomass
cultivation.

5.3.2 Demographical Facts

As can be seen in Table 5.1!, Cape Town has a population of approx. 3 million
inhabitants, whereas Aachen only counts approx. 260,000 inhabitants, a factor
>10 smaller. Both are urban areas, having a same order of magnitude regarding
the population density, with the City of Aachen having a slightly higher density
of approx. 1,600 inhabitants per square kilometer, compared to 1,200 in Cape
Town.

Cape Town Aachen
Population 2,900,000 260,000

Density [inh/km?] 1,200 1,600
Unemployment [%)] 29.2 12.6
Average Income [ZAR/a] 27,000 333,000
Foreigners [%) 3.0 17.3

Table 5.1: Demographic Data - Cape Town/Aachen

From an unemployment perspective, Cape Town has a percentage almost
three times as high as Aachen’s, with 30% compared to 12.5%. The average (pre-
tax) income in Cape Town is more than a factor 10 smaller than Aachen’s, with
ZAR 27,000/a compared to €37,000/a (approx. ZAR 333,000/a).2 Furthermore,

1GtatsSA (2001), CCT (2006b), COJ (2004), LDS NRW (2001), Allesklar.com (2005)
21t should be borne in mind that incomes need to be considered in the context of the

prevailing costs of living. Generally, a rough “Big Mac” factor (see e.g. Orley Ashenfelter &
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white households in Cape Town earn approx. 7 times as much as African house-
holds (COJ, 2004). These numbers give an indication on the important social
inequalities prevailing in Cape Town.

5.4 The Local Energy Sector

In this Section, the local energy sector in Cape Town as well as Aachen will be
addressed. Energy consumption and generation patterns will be compared, as
well as the legislative framework guiding and affecting the urban energy planning
processes in both cases. Subsequently, a special emphasis will be laid upon the
renewable energy planning process of the two cities. Next, an energy planning
model for local authorities will be proposed based on the insights won of the
comparison of both approaches. Finally, potential renewable resources will briefly
be discussed.

5.4.1 Consumption and Generation Patterns
5.4.1.1 Status Quo

Based on the data on total energy usage in Cape Town and Aachen - 120 PJ/a
and 30 PJ/a respectively - the energy consumed per capita and year has been
calculated for both cities, amounting to 41.5 GJ /c*a and 125 GJ/c*a, Cape
Town’s per capita energy consumption being approx. three times smaller than
Aachen’s. By comparing energy demand by sector for both cities (see Sections
3.2 and 4.4), it appears that Aachen’s energy demand is more balanced, ranging
from 11%-34%, whereas Cape Town’s demand varies from 1%-55%.

Aachen’s household energy demand has the biggest share with 34% and ac-
counts for 42.5 GJ/c*a, whereas Cape Town’s household sector has a share of
14% and accounts for 5.81 GJ/c*a, a factor 8 smaller than Aachen. The main
reason for this difference is the energy demand for space heating during the win-
ter months in Aachen (see Section 5.3.1). Although the share of Cape Town’s
transport sector is the biggest with 55%, and Aachen’s transportation sector only

Jurajda, 2001) of 2 is assumed between South Africa and Germany. This still leaves a factor 5
regarding the adjusted average pre-tax income difference between Cape Town and Aachen.
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accounts for 13% of the total energy mix, the respective annual values for energy
consumption per capita are of the same order of magnitude: 22.8 GJ/c*a for
Cape Town and 18.75 GJ/c*a for Aachen.

By comparing the energy carrier consumption for both cities, it appears that
Cape Town’s transport sector is responsible for the lion share of energy carrier
consumption - Petrol & Diesel - accounting together for a total of 56%. Aachen’s
combined Petrol and Diesel consumption only accounts for 22%. Interestingly,

Aachen has a gas grid, providing 34% of Aachen’s energy consumption. This

is even high compared to German standards. On the other hand, Cape Town
relies on 33% of fossil fuel based electricity for meeting energy demand. Aachen’s
electricity share is only 16%. Furthermore, LFO accounts for 23% in Aachen.
Remarkably, a district heat system exists in Aachen, accounting for 3% of energy
delivered. Where in Aachen, the renewables wind and photovoltaics appear al-
ready in the statistics, the traditional energy carrier ‘fuel wood’ still plays a role
in Cape Town’s energy metabolism.

5.4.1.2 Projections

In the case of Aachen, no huge variations in quantity and variety of energy carrier
consumption is expected. The energy market is closely related to the subdued
economic situation. In the case of Cape Town, an annual growth rate in energy
consumption of 2% is assumed, based on economic development and population
growth.

Regarding the role of renewables, it is expected for Aachen that by 2010,
the commissioning of the planned wood gasification plant will increase existing
renewable energy production by approx. 200%, increasing its share to slightly over
1% of total current energy consumption, or 20-25% of the electricity demand of
the household and small enterprise sector. For Cape Town, a challenging target
of 10% of renewables has been set for 2020.!

Interestingly, wood would reappear in Aachen’s energy mix, this time not as
traditional energy carrier as in Cape Town’s energy mix, but as renewable energy
carrier used for sustainable energy generation.

1As to the probability with which this target is going to be achieved, no projections are
available at the point of writing.
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5.4.1.3 Linkages to Waste Management Sector

For both cities, the waste management sector has as such not systematically been
integrated in the energy provision sector.

In the case of Cape Town, methane is recovered at the Cape Flats Wastewater
Works. It is noteworthy that methane recovery for energy purposes is planned
for the Bellville South landfill site. Interestingly, a study has been carried out
by Austin et al. (2006) looking at potentials for energy recovery from MSW in
South Africa, using Cape Town in its case studies.

In the case of Aachen, a waste incineration plant exists with integrated energy
recovery for electricity generation; its main purpose is though the waste treatment
aspect rather than energy generation.! Several other projects have been planned
(i.a. Biogas-Anlage Aachen/Vetschau), although these projects have not been
realised up to the point of writing. Regarding existing waste streams, waste
utilisation for energy recovery is technically imaginable, but economic viability

needs to be given.

5.4.2 Legislative Framework

In the case of Cape Town, several national and local policy papers, guidelines and
reports describe broad aims and goals regarding the development of the (renew-
able) energy sector (see Section 3.4.1). For Aachen, two national key documents
are of importance, which are embedded within the framework of EU legislation
(see Section 4.3.4).

When comparing specifically the two national documents regulating the re-
newable energy sector, namely the EEG and the White Paper on the Promotion
of Renewable Energy, it becomes apparent that the former is a concrete guide-
line regulating the technology related subsidisation of renewable energy projects,
whereas the latter is a broad report describing the country’s strategies and goals

1360,000t/a of waste are processed, approx. 20% of which stem from Aachen. The turbine
which is run with process steam from waste combustion has an electric capacity of 35MW.
Assuming 7,500 full load hours per annum, 262GWh/a of electricity are produced. As Aachen’s
share of input material is 20%, 52.5GWh/a are produced from Aachen’s waste, which amounts
to approx. 3.5% of Aachen’s total electricity consumption.
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in the renewable energy sector. Furthermore, South Africa sets itself a renewable
energy target, but does not give any concrete technical implementation guidelines
as to how it shall be achieved. These guidelines are not specified on the local
level either (here in the case of Cape Town). This issue is being addressed as the
implementation gap by Chapel (1977).

-—-5.4.3 .The Renewable-Energy Planning Process- - - - —— —— —

5.4.3.1 Motivation

For both cities, a political will to support an image as being pioneering and envi-
ronmentally concerned is the stimulant for renewable energy projects. Financial
viability of the projects is a fundamental prerequisite, and economic growth cou-
pled to job creation is a strong motor. In the case of the planned 30MW wood
gasification plant in Aachen, short-term viability is based on subsidies, and long-
term viability is based on free market dynamics, requiring a switch regarding the
delivered energy products. Economies of scale were applied in order to guarantee
viability.

In Cape Town, a number of sustainable energy projects are taking place.
Efforts are focused on interventions such as the SWHs by-law, the Energy Upgrade
Project for 2,300 low-income households in Kuyasa, and the production of a
secondary energy carrier and methane recovery at the Cape Flats Wastewater
Works. The future supply of 13.2 GWh/a of wind generated electricity has been
contractually guaranteed from South Africa’s first IPP.

Although the planning approaches for both cities are in line with the principles
of LA21, Cape Town needs to address pressing social issues by delivering modern
energy services. In Aachen, no pressure regarding the supply of specific services
exists. However though, an increasing public environmental awareness has created
a market for green energy sources.

5.4.3.2 Planning Infrastructure, Competencies and Capacities

In both cases, the cities mainly act as distributors of energy generated by third
parties, as own generation capacities are low.
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A decreasing trend regarding Cape Town’s interference with the energy sector
is noticeable since the restructuring of the EDI, where responsibilities have partly
shifted towards the REDs, which are in the process of being created. Similarly, a
decreasing trend regarding Aachen’s authority over the energy sector is noticeable
since the deregulation of the German energy market in 1998.

Furthermore, the role of both cities increasingly shifts to the facilitation of
renewable energy projects, and the implementation of energy efficiency policies
and by-laws.

In Cape Town, renewable energy planning happens at two different bodies at
the city level, namely the Electricity Services and the Development Services. In
Aachen, the Office of Environmental Affairs and the Energy Advisory Board are
responsible for energy planning issues. A public services company (STAWAG),
fully owned by the City of Aachen, has its main purpose in energy distribution.
Moreover, the STAWAG is responsible for project planning and implementation,
which leads to a clear differentiation of duties between the bodies involved in the
energy planning process in Aachen. Whereas an implementation gap has been
identified for Cape Town, Aachen has dedicated a whole company for implemen-

tation tasks.

5.4.3.3 Data Basis

In Cape Town, data collection is in its start-up phase, providing a narrow set
of data which makes it difficult to identify trends and formulate projections. It
is noteworthy that the data collection under the State of Energy Report - the
first of its kind for Cape Town - happened in partnership with stakeholders from
the private sector and academia. However, a limited understanding of renewable
resources prevails.

In Aachen, energy planners can fall back on a good data basis regarding
existing resources and available technologies. It is estimated that at the point of
writing, all feasible renewable energy projects have been identified based on the

available data.
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5.4.3.4 Decision Making Process

In the global North, an environmental mindset has organically grown over the
last decades, which found its place in mainstream politics during the 1980s. Al-
though old democracies as those found in Northern countries are characterized by
dualistic political views (e.g. Republicans and Democrats (US), Tory and Labour
(UK), CDU and SPD (Germany)), there is a growing fundamental consensus re-

that Germany is currently lead by a great coalition of CDU and SPD. A relative
political stability leads to a good basis for an efficient long-term planning process,
on the national as well as the local level.

In South Africa, a young democracy is confronted by a multitude of strongly
different perspectives represented by a range of parties, having at times different
political currents within themselves (e.g. ANC). On the local level, this situation
leads to an inefficient short-term planning process due to institutional hurdles and
blockages. Furthermore, the planning process is hampered by a missing coordi-
nation between the responsible bodies; a lack of strong guidance from national
& provincial government regarding implementation plans, funding capacity and
financing schemes; and lacking technical skills. Furthermore, Cape Town’s gov-
ernment has low influence on the liquid fuel sector. Typical environmental issues
in a Northern tradition are of minor priority against a background of pressing
social needs in Cape Town.

Renewable energy projects are carried out in both cities in partnerships be-
tween parties of the public and the private sectors. In both cases, project imple-

mentation is based on a regulated tender process. In Aachen, a private company .

(STAWAG), fully owned by the City, is responsible for the implementation of
projects. The responsibilities of both parties are clearly defined, organized and
efficient. Aachen’s energy planners can fall back on an efficient financing model
for renewable energy projects (EEG). Although the planning process for the
wood gasification plant is well organised, it is still an iterative process, as the
planning process had to be revisited several times due to changes in legislation.
On the other hand, a strongly regulated planning process tends to become old,
rigid and bureaucratic. It is therefore that the City of Aachen moved away from
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strategic planning to the formulation of implementation oriented part-concepts,
which led to more flexibility in the planning approach.

In Cape Town, the City undertakes strategic planning, starting with the In-
tegrated Development Plan (IDP), upon which the Integrated Metropolitan En-
vironmental Policy (IMEP) is built. The Energy Strategy is subsequently being
formulated as part of the IMEP. This construct lets appear a certain level of
complexity, hampering an efficient renewable energy planning process. Moreover,
the City of Cape Town formulates challenging sustainable energy goals, which
tend to be decoupled from actual facts and lack means for implementation, as
illustrated for the case of the SWH by-law. However, sustainable energy projects
are carried-out within the city’s borders in connection with private partners.
These relationships are diverse and not institutionalised. This leads to a dy-
namic and organic planning process, able to react on currently emerging needs,
and in line with the prevailing Zeitgeist. As has been shown for the case of the
Kuyasa project, the City, in collaboration with SouthSouthNorth, has linked typ-
ical Southern development needs with environmental issues, creating a powerful
pilot project, and assuring financing from Northern partners through the Clean
Development Mechanism (CDM). It has furthermore been observed that renew-
able energy projects can be carried out by departments not directly responsible
for energy issues within the City of Cape Town.

The planning process for the gasification plant in Aachen lasts severa.l years,
and early public awareness campaigns were crucial in order to guarantee a fast
and easy approval process. Whereas an aspect leading to delays in the planning
process is the tendering of standard services, as a public sector corporation is at
the helm of the project. For Cape Town, planning processes last several years as
well. However, major delays were recorded for the case of the Darling Wind Farm,
mainly due to a lacking case of precedent, but also a lacking local public support.
On the other hand, the Kuyasa project is carried out in close collaboration with
the affected households. '

5.4.3.5 Risk Factors

For Aachen, risk factors regarding the renewable energy planning process have
been identified as being i.a. technology maturity, changes in legislation, and
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security of input supply. In the case of the wood gasification plant, the conversion
technology has not yet been proved on commercial scale. Furthermore, changes in
legislation have to be integrated in the planning process, as the economic viability
in the start-up phase of the project is built on subsidisation guaranteed by the
EEG. Lastly, the minimum required input stream must be guaranteed. Therefore,
detailed studies regarding the availability of required renewable resources were
- carried-out beforehand.
In the case of Cape Town, risk factors include the ones stated for Aachen, as

well as broader issues such as political and economical stability of South Africa’s

young democracy (see e.g. Erb et al. (1996) and Delany & Varga (2002)). A
further important risk factor emanates from the aspect of cost estimation. Up to

this point, very few cases of precedence exist for medium- to large-scale applica-

tions of renewable energy technology in South Africa, which makes it difficult to
develop reliable projections regarding capital expenditure for new ventures.!

5.4.3.6 Cooperation

Against the background of Aachen’s wood gasification project, the efficient col-
laboration between the different stakeholders has been identified as a key issue,
so that a coordination office has been created. The project is being carried-out in
partnership with German parties of the public and private sector, and academia.

In Cape Town, renewable energy projects have been carried-out in collabo-
ration with local and international partners from the public and private sectors.
Academia has not systematically been involved. For the realisation of the SWH
by-law, the Darling Wind Farm, and the sustainable energy project at the Cape
Flats Wastewater Works, parties from developed countries have been involved,
addressing typical Northern aspects of renewable energy supply and energy ef-
ficiency. In the case of the Kuyasa project, SouthSouthNorth, an international
climate-change NGO headquartered in Cape Town, has been involved in order to
tackle a typical Southern energy & development challenge.

Against the background of the existing LA21-partnership between both cities,
relatively little activity has been recorded regarding renewable energy projects.

1This issue is being discussed for the case of biofuels by Amigun et al. (2006)
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deliver a set of prioritised projects that it will feed-back to the planning body.
The planning body will subsequently formulate a suggestion on which projects
should be adopted. Finally, it is the role of the decision making body to agree on
this suggestion, and to lobby for or provide adequate resourcing for the selected
projects. In an affirmative case, an optimised energy supply strategy is released,
which will have to be realised and implemented so that the preliminarily defined
user demand will practically be satisfied. In a negative case, the planning loop

will have to be carried out again.

5.4.5 Current Biomass Utilisation in Cape Town and Aachen

In this section, the current biomass utilisation practices in Cape Town and Aachen
will directly be compared.

According to Jeffares & Green (2004), a total amount of ca. 112,000 t/a of
biodegradable waste is being generated in the City of Cape Town (CCT), whereof
30,000 t/a (ca. 10 kg/c*a) - 27% of the total biodegradable waste amount - are
being composted. This fact lets appear the potentials for further treatment and
composting of biodegradable wastes in Cape Town. Biodegradable wastes are not
collected separatly on a household level, but an infrastructure of collection spots
exists for the capture of biodegradable wastes. Interestingly, the utilisation of
traditional biofuels such as fuel wood play an important role especially in Cape
Town’s informal sector. A detailed investigation of biomass utilisation in formal
and informal sectors is carried out in Chapter 7.

According to AWA (2001), ca. 34,000 t/a of biodegradable waste are generated
in the City of Aachen. Ca. 2,500 t/a of biodegradable waste are treated at the
waste incineration plant MVA Weisweiler, whereas ca. 31,500 t/a of biodegrad-
able waste are handled at the local composting plant - 93% of the total biodegrad-
able waste amount. Broken down to a per capita basis, 128 kg/c*a are being com-
posted in Aachen. This fact lets appear that the potential for the utilisation of
biodegradable wastes in Aachen are almost completely exploited. No biodegrad-
able waste is being disposed of (directly) at the local landfill site. All compostable
wastes are either collected via the ‘Biotonne’ (separate bin for the collection of
biodegradable wastes), or via different pick-up or bring systems. Furthermore, a

155



5. A SOUTH-NORTH COMPARISON: THE CASE OF CAPE
TOWN VS THE CASE OF AACHEN

biogas-plant and a wood gasification plant were planned for the City of Aachen,
but were not realised up to the point of writing. The biomass feedstock consid-
ered for these projects would not (only) have consisted of existing biodegradable

wastes, but also of biomass cultivated especially for such a purpose.

5.4.6 Potential Renewable Resources

In Aachen, the potentials of wind and PV have been fully investigated. The
same statement is applicable for biomass, and more specifically for fuel wood.
Regarding other wood fibre based resources, there are recoverable amounts in the
MSW stream. The energetic utilisation of green waste has been considered as
input feed for a biogas plant. However, the project was not carried out because
of political will.

In Cape Town, several studies have been carried out in order to investigate the
potentials of existing renewable resources. Regarding wood fibre based resources,
no systematic investigation had happened at the point of writing.! In contrast
to Aachen, there are no nameable commercial forest plantations in proximity to
the City.2

5.5 Insights and Recommendations

Due to their historical national backgrounds and their different climatic, demo-
graphic and economic settings, both cities are faced with challenges different in
nature regarding the renewable energy sector. Whereas in Aachen, environmental
concerns and economic growth are key factors of the development of the renew-
able energy market, Cape Town is faced with important social tasks regarding
energy provision of the poor.

1A detailed MFA is therefore presented in Chapter 7, showing theoretically the potentials

of energy recovery from existing material streams.
2Note that the Ukuvuka campaign (www.ukuvuka.org.za) aims at reducing the fire risk in

the Cape Peninsula emanating from alien vegetation by cutting down specific wood types. This
activity releases certain amounts of potentially recoverable wood. At the point of writing, no
information regarding the recovered amounts of wood were accessible.
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In Cape Town, environmental consciousness is not necessarily the prime driver
regarding the integration of renewable energy options. It is rather believed that
in Cape Town, renewable energy options are under specific circumstances more
suited to meet energy service demands than existing fossil-based options, specif-
ically regarding social and economic development needs. It was found that Cape
Town’s per capita transport energy requirement exceeds that of Aachen’s, whilst
in the remaining categories, Cape Town'’s energy requirements account for only
1/3 to <1/10 of Aachen’s on a per capita basis. A recommendation would be
for Cape Town to focus on sustainability measures regarding its transport sector,
preferably in terms of energy efficiency options such as a modal shift to public
transportation means, rather than renewable energy options such as the intro-
duction of biofuels.

Moreover, it is recommended that Cape Town continues with its efforts to
set-up its renewable energy planning infrastructure, although responsibilities re-
garding electricity distribution will shift to the RED. Based on Aachen’s example,
Cape Town should act more like a dynamic corporate organ with public duties
instead of a rigid public institution with steering and control functions. As local
government is at the intersection between strategic planning and implementa-
tion of projects, it could become a meaningful player in South Africa’s renewable
energy scene. On the other hand, Aachen could seek to find new project op-
portunities in collaboration with new national and international partners, e.g.
via the existing but neglected LA21-partnership with Cape Town. A challenging
task would be to couple insights won during the realisation of renewable energy
projects with developmental needs of the South.

Furthermore, the creation of pilot projects on local governmental level has
shown in the case of Aachen and Cape Town that they can potentially be utilised
as templates for reproduction in other cities, or even federal government.

Finally, a point of argument is the financing of subsidisation models such as
the Aachener Modell and the EEG in the context of Cape Town. For both ap-
proaches, costs are redistributed to the totality of energy (electricity) consumers.
For Aachen, concerns were already formulated regarding the additional burden-
ing of low-income households. In the case of Cape Town, the redistribution of
costs should exclude low-income households, as the additional financial burden
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would not be bearable. Remember that social tariff structures have already been
developed for electricity distribution to poor households in order to make supply
affordable to them. Theoretically, such a subsidisation model is believed to be ap-
plicable for Cape Town, but the economic feasibility must be proved beforehand.
Furthermore, financing schemes of renewable energy applications in developing
countries exist already, such as the Clean Development Mechanism (CDM), illus-

trated by the case of the Kuyasa project. |

5.6 Conclusion

In this Chapter, a comparison of the case studies on the City of Cape Town and
the City of Aachen has been carried out.

Firstly, the different national backgrounds of both cities have been discussed.
It has been shown how fossil energy reserves influenced past and present energy
policy, and lead to different priorities in the energy planning sector. Germany
has been identified as a net energy importer, having a strong tradition regarding
environmental matters. South Africa has been identified as a net energy exporter,
having high priorities regarding social and economic upliftment of previously
disadvantaged population groups. Cape Town is prone to high inequalities in
terms of income along previous racial segregation lines.

Energy consumption patterns for both cities have been compared. Analysis
showed that Cape Town’s energy consumption per capita is three times smaller
than Aachen’s. Whereas Cape Town’s main energy demand stems from the trans-
port sector, domestic demand accounts for the highest share in Aachen’s energy
mix. The biggest difference in per capita energy consumption has been identified
for the household sector, caused by a need for heating during the cold winter
months in Aachen. However, per capita energy consumption for the transport
sector in both cities is of the same order of magnitude. In both cases, the share
of renewables is < 1%.

Regarding the projections of the city’s energy sectors, Cape Town is affected
by economic development and population growth, whereas Aachen’s energy mar-
ket is predicted to be rather stagnant. Cape Town set itself a challenging renew-
able energy target without any concrete implementation plans, whereas Aachen’s
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renewable energy share will rise above 1% with the realisation of the planned
wood gasification plant.

For both cities, the waste management sector has not systematically been
integrated in the energy sector. However, Aachen possesses a waste incineration
plant that generates energy by-products, accounting for 3.5% of Aachen’s con-
sumption for the case of electricity. For Cape Town, a secondary energy carrier is
produced at the Cape Flats Wastewater Works, along with the energetic recovery
of methane.

An implementation gap has been identified regarding energy related legisla-
tion relevant for Cape Town. Regarding potential renewable resources, a deep
understanding of available resources is prevalent in Aachen.

Cape Town'’s renewable energy planning process can be qualified as dualistic,
as on the one hand, it is not fully coordinated and strategic regarding its public
component. Its efficiency is decreased due to complexities in the planning infras-
tructure, as well as a lack of technical skills and financial means. On the other
hand, the planning process is flexible and improvised, especially in its collabo-
ration with different partners in order to tackle challenges of different natures.
It has been demonstrated that the City of Cape Town possesses capacities such
as an active City council, and can fall back on a pool of experts stemming from
the private sector and academia, enabling the City to get actively involved in the
realisation of RE projects, whilst simultaneously tackling social issues.

Aachen’s planning process is efficient, and the relationship to its private part-
ner is well established and organised. Aachen’s energy planning process can
furthermore be qualified as mature!, rigid?, and institutionalised3.

1The implemention of environmental issues is well understood, and developed over the last

three decades (see Section 4.3.2 and 4.3.3).
21t is strongly based upon guidelines such as the EEG (see Section 4.3.4.3), and relies on a

regulated approval and tender process (see Sections 4.5.2.10 and 4.5.2.12), yet still being driven

by the vision of a pioneering city (see Section 4.5.2.1).
3Decision-making is undertaken by steady bodies within the City and the STAWAG (see

Section 4.3.5), and planning and implementation requires efficient coordination between the
involved parties (see Section 4.5.2.6). However, it has been shown for the case of the planned
biogas plant in Aachen-Vetschau that an institutionalised planning process offers opportunities
for political blockages (see Section 4.3.6.2). :
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Cape Town is faced with important challenges regarding socio-political aspects
due to its population heterogeneity, and risk factors including cost estimation, as
well as economic and political stability. It has been demonstrated i.a. by the
case of the Kuyasa housing project that clear social consequences of energy deci-
sions or inactions are given. In order to optimise energy provision to low-income
population groups, and achieve the target of poverty alleviation and economic
upliftment, a detailed understanding of energy needs must be developed, coupled

“to the implementation of adequate and sustainable energy supply chains. These

issues will be discussed in the following Chapter.

An energy planning model has been proposed for local authorities, and insights
and recommendations have been formulated. The importance of local government
as a key player in the energy scene has been stressed, and options for the im-
provement and the development of the renewable energy planning sectors have
been formulated in both directions. Finally, a brief discussion on the economic
viability of subsidisation models in the Capetonian context has been carried-out.

Based on the background given on the link between energy and poverty in
Section 2.2.2.4, the presentation and discussion on urban planning approaches in
Section 2.2.4, the national backgrounds presented and compared for both case
studies in Section 5.2, and the results obtained for the comparative analysis of
the energy planning approaches for both case studies in Section 5.4, it is claimed
that Hypothesis 1 - “The municipal energy planning process in developing cities
can have a greater impact on socio-political aspects than in Northern cities, if
certain capacities are available or very clear consequences of energy decisions
or inactions are given” - has been sufficiently substantiated, so as to make a
significant intellectual contribution to the addressed topic.
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Chapter 6

Renewable Energy for
Sustainable Urban Development:
Employing the Concept of
Energisation

6.1 Introduction

In the previous Chapter, it has been identified that socio-political aspects play a
far greater role in the urban renewable energy planning processes of cities of the
South than cities of the North. An implementation gap has been identified for
sustainable energy projects in the South, which could be addressed by integrating
an understanding of the linkages between socio-economic development needs and
energy sﬁpply.

It has been stated as second Hypothesis of this dissertation that “/b/y fo-
cusing strongly on detailed socio-economic development needs and coupling these
directly to renewable energy supply options, environmentally sustainable and so-
cially meaningful development can be enabled by the energy planning process”.

In order to substantiate this Hypothesis, the concept of energisation will be
analysed by means of a literature review, with the aim to identify the existing
linkages to sustainable development issues. Based on the findings of this review,
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the concept of energisation will be extended in order to fill potential gaps. Fur-
thermore, the extended approach will be translated into an economic model in
order to visualise the multiple effects of energisation. -Eventually, the new un-
derstanding of the concept of energisation will be integrated into the technical
energy planning process, by means of a checklist for energy planners.

Note that a general background regarding the linkage between energy and
poverty is given in Section 2.2.2.4.

6.2 The Concept of Energisation

OED (1989) defines the verb “to energize” as follows: “/...] b. To infuse energy
into, supply with energy. (Now esp. in technical use.)”.

In the field of energy planning, the term ‘energization’ (or ‘energisation’), the
substantive of the verb ‘to energize’ (or ‘to energise’), has been utilised in the
literature in different ways and different contexts, not being bound to a clear
and unambiguous definition. The term energisation is also employed as a trendy
catchphrase, often more in a figurative manner, inducing progress, boost and
stimulation. In the following Section, definitions of the term ‘energisation’ as
well as contexts in which it has been utilised will be presented, so that eventually,
quintessential findings regarding the concept of energisation can be formulated.

6.2.1 Definitions and Contexts of Energisation

In the 1980s, Hosier & Dowd (1987) introduced the concept of an “energy ladder”
in the context of developing countries, a basis for the concept of energisation.
They defined it as follows: “The underlying assumption is that households are
faced with an array of energy supply choices which can be arranged in order of
increasing technological sophistication. At the top of the list is electricity, while
the low end of the range includes fuel wood, dung, and crop wastes. As a house-
hold’s economic well-being increases, it is assumed to move ‘up’ the energy ladder
to more sophisticated energy carriers. If the economic status decreases, through
either a decrease in income or an increase in fuel price, the household is expected
to move ‘down’ the energy ladder to less-sophisticated energy carriers. Thus, the
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[the] complete energy miz - renewables, non-grid electricity and conventional en-
ergy carriers. However, it is stressed that efficient, clean and sustainable energy
carriers must be used in the energisation strategy. Additionally, the uneven dis-
tribution and affordability of energy carriers make the energisation process rather
difficult.”

In the White Paper on Renewable Energy, DME (2003b) utilises the concept
of energisation in the following manner: “The DME is spearheading the imple-
mentation of the concept of ‘Energisation’ in the rural areas in conjunction with
the rural electrification programme in order to address the energy needs of com-
munities in a sustainable and consistent manner. The services will be available
locally through a chain of integrated energy centres and one-stop energy shops to
wncrease ready access and cut down on transport costs to distant towns. This will
also lessen the dependency on fuel wood and contribute to environmental con-
servation. It is intended that ready access and lower prices will shift domestic
demand towards cleaner and more efficient fuels and energy technologies.”

Gaunt (2003) uses energisation in the following context: “A key characteristic
[of electrification] in this thesis is that it is electrical and not inclusive of other
energy, despite some approaches to broader ‘energisation’ ”. In this context,
energisation is being understood by the author as the provision of someone or
something with energy, in contrast to electrification, which would then be defined
as the provision of someone or something with electricity.

SEA (2003b) uses the concept of energisation in the title of its brochure
“Energising South African Cities & Towns: A Local Government Guide to Sus-
tainable Energy Planning”, where energisation is equated to sustainable energy
planning. Importantly here, energisation is used in the context of cities and
towns, viz. an urban context, rather than the usual rural context.

WLPGA (2003) gives the following definition: “Energisation is a process
whereby communities progress from a restricted use of traditional fuels to a broader
range of modern fuels such as diesel, kerosene, LP Gas, natural gas and electric-
ity.”

From the view point of another developing country, Mohan & Kumar (2005)
states in the Indian context that: “Biofuels as a domestic and renewable energy
source, can significantly reduce India’s dependence on foreign oil, can minimize
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the environmental threat caused by fossil fuels, and it is the best ever alternate in
securing the energy needs of the country. The other advantage is in meeting rural
energisation, and empowerment of village community through enhanced livelihood
opportunities and thus controlling migration.” Against the specific background of
biofuels for rural empowerment, Mohan & Kumar (2005) further state that “/.../
government is focusing mainly on biogas and biomass based producer gas for the

~energisation of rural poor. Apart from providing much relief from power shortages,

power projects based on biomass would also open up new avenues for employment
generation in rural areas in collection, storage and handling of biomass mate-
rials. Each 5MW project could generate at least 100,000 man-days per year of
employment in rural areas.”

Sebitosi & Pillay (2005) say “At project level, the choice of an appropriate
energy conversion technology is also critical. The most inefficient way to use
electricity is by applying it for a purpose that could more efficiently be performed
by a different form of energy or fuel.”, and continues by stating: “What is needed
is energisation in contrast to conventional electrification”.

UNDP (2005) uses the verb form of the term ‘energisation’ in its report
“Energizing the Millennium Development Goals - A Guide to Energy’s Role in
Reducing Poverty” in a more figurative manner, implying the fostered imple-
mentation of the MDGs and its linkage to energy. Note that the report gives
a systematic and concise overview on the linkages of energy to the achievement
of the eight MDGs, stating that “while there is no MDG specifically on energy,
access to energy services is a prerequisite to the achievement of all eight MDGs.
[...] Unfortunately, much greater quantities and much greater quality of energy
services will be required to meet these goals than are presently available in develop-
ing countries”. The emphasis of this report is particularly on the poor, reducing
poverty, and sustainable development, furthermore making a clear distinction be-
tween energy carriers and energy services, as well as energy service quantities and
qualities.

Prasad (2006) says that “the terms ‘energisation’ and ‘integrated energy pro-
vision’ have become popular in the South African energy sector in recent years.
They refer to improving energy provision by using a combination of different fu-
els, rather than a single energy carrier such as electricity. These terms reflect
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a switch in thinking away from an almost exclusive focus on electrification. The
term ‘energisation’ has also developed connotations of a more political notion of
empowerment and local community activism around energy and development is-
sues”.

UN (2006b) states in the context of external constraints to the energy sector,
that “low education is spread across African societies, however its highest density
is found in sub-Saharan rural areas, the same regions where access to energy
is the lowest. Implementing energization programmes in rural areas, with full
participation by local population is constrained by the level of education of the
population. This reduces their ability to act as agent of change for the design
of local energy solutions including the development of local entrepreneurship for
installation and maintenance of decentralized energy systems, as well as for the
development of productive use activities.”.

The Wuppertal Institute (2006) introduces an energisation project carried out
by the company Parallax in a remote village in South Africa, and describes its
aim as follows: “The overall goal of the project was to show the extent to which
energisation of rural communities can limit the negative contribution of energy
use to climate change whilst offering a means for sustainable development. It
aimed to determine whether a user-owner model of energisation was effective in
the rural South African context, and whether it could be implemented on a com-
mercial basis. A successful demonstration would provide the evidence necessary

for widespread replication.”

6.2.2 Critique of Current Definitions and Usage of the

Concept of Energisation

The previously presented definitions and contexts contain important information
regarding the concept of energisation. The essential findings are summarised in

the following points.

General Observations From the previous review, a number of basic state-
ments could be made in terms of precision of the definition, as well as basic

notions. These observations are as follows:
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e More than one definition (four alone in this review), and variation in con-

texts
e Synonym: ‘Integrated Energy Provision’

o Basis: Notion of ‘Energy Ladder’

Aim Moafeover,nity':;—a's found that there were similarities and variations regard-
ing the aim of the different definitions and contexts. These points are given as
follows:

e Matching of energy needs with appropriate energy resources

e Improved energy provision in terms of quantity and quality of energy ser-

vices supplied

e Away from traditional energy carriers, and towards combination of cleaner

and more efficient modern fuels

e Mainly aimed at household issues (e.g. cooking, lighting, space heating),
but in some definitions also including local economic development and em-

powerment (see ‘Political Connotations’)

Focus Furthermore, similarities and variations were identified regarding the
focus on target groups, as well as energy supply options. These aspects were
summarised as follows:

e Developing country contexts (e.g. South Africa, India)
e Mainly rural and poor communities, but alsb cities and towns
e Inclusive of and broader than merely electrification

e Includes (not necessarily) renewable energy sources
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Political Connotations The concept of energisation was identified as being
broader than just a technical approach to energy provision. The extension to
which the concept of energisation embraces aspects of sustainable development
remains fuzzy. The following observations were made:

e Political connotations regarding empowerment and community activism

e Enabler of economic development through job opportunities in- and outside

energy sector
e Connection to notion of sustainability

e Underpins MDGs (supporting poverty alleviation, economic development,
education, gender equality, health care, environmental sustainability, and
global partnerships for development)

Emphasis on cultural and social aspects

Implementation A number of elements were identified as being critical regard-
ing the implementation of the concept of energisation. They include technical,
economic, social and political aspects. These elements have been summarised as

follows:
e Energy service decoupled from final energy carrier and end-user device
e Integration of existing energy supply networks
e Main challenges: accessibility and affordability

e Commercial viability critical issue: user-owner models and Integrated En-
ergy Centres (IECs) (i.e. public-private partnerships) are practical exam-
ples

o Education enabler of energisation through development of local entrepreneur-

ship

e Critical enablers: i.a. energy policy, government commitment, markets for

private investors

e Local government is key player
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Dynamics Against the backdrop of energisation, a number of dynamics were
identified, linking issues of energy provision to specific development aspects. The
following links were identified:

e Link between income and fuel choice (extension of the consumer model)
e Low education coupled to low energy access
e Reduction of environmental threats by decreased reliance on fossil fuels

e Impact on migration control and security of supply

6.3 Energisation in Practice: Three South African

Examples

6.3.1 The Electrification Programme

Regarding the objective of South Africa’s electrification programme, Davidson &
Winkler (2006) state the following: “The National Electrification Programme was
implemented between 1994 and 1999. Its objective was to electrify rural and urban
low-income households which had been deprived of access to electricity during the
apartheid period. The Programme expected that newly electrified households would
switch from using fuelwood, candles and batteries to using electricity for their
household needs”.

Gaunt (2003) reports that “over 8 million new domestic customers (house-
holds) in South Africa were connected during the past decade. This significant
electrification programme raised the proportion of households with access to elec-
tricity from 36% in 1991 to 69% in 2001. [...] However there are still many house-
holds without access to electricity and politicians have stated goals of achieving
universal access by 2012”.

Regarding the evaluation of the success of the electrification programme, key
findings have been formulated, amongst other things (Gaunt, 2002):

e Electrification in low-income areas is not financially viable
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e Electrification has significant social impact, but the benefits are constrained
by lack of access to the network, lack of appropriate appliances for those
connected, and a poor understanding of tariffs.

e Achieving the desired impacts of electrification requires a broad approach
to setting targets in terms of benefits, with implications for management,

evaluation and regulation.

If one looks specifically at the degree of sustainability achieved regarding the
satisfaction of energy service needs, major issues become apparent.

Prasad (2006) argues against the background of extending the range of rural
electrification through a weak grid approach, that “households depending pri-
marily on non-commercial fuels like wood and dung are likely to continue with
these to save costs, although it is hoped that some will switch to cleaner fuels.
[-..] What will these households choose if grid electricity becomes cheaper than
kerosene or LPG for cooking, especially households adopting the proposed elec-
tricity basic support tariff? The demand to use electricity for cooking could then
rise substantially, especially among those households presently using kerosene and
LPG”.

It is furthermore stated in the White Paper on Renewable Energy (DME,
2003b): “An electrification programme, particularly if it has a strong non-grid
component, has to form part of a holistic approach to energy provision, if it is
to succeed. Electricity supply through photovoltaics (solar home systems) is (eco-
nomically) insufficient to cater for thermal energy requirements of households,
while experience shows that even if grid-electricity is supplied the energy inten-
sive thermal requirements are often satisfied through fuel wood and conventional
fuels (e.g. paraffin, LPG)”.

These two statements make clear that the initial expectation that newly elec-
trified households would switch from using fuelwood, candles and batteries to
using electricity for their household needs was not met.

It appears that choices for specific energy carriers coupled to end-user devices
are highly dependent on their pricing, making electricity less competitive espe-
cially against alternatives such as free traditional energy carriers, e.g. fuelwood

171



6. RENEWABLE ENERGY FOR SUSTAINABLE URBAN
DEVELOPMENT: EMPLOYING THE CONCEPT OF
ENERGISATION

and dung. It also becomes apparent that energy service needs must be under-
stood in the first place, in order to be able to meet them efficiently, and to trigger
the desired effects of energisation (see Section 6.2.2).

It should be noted that there is almost no mention regarding issues of energy
service needs outside of the household sector (e.g. for local production) nor of
local economic participation in distribution or equipment retailing/installation
against the backdrop of the South African electrification programme. Further-

more, the goal against which the success of the electrification programme was
measured was the number of households supplied with electricity. The considera-
tion of social and economic development aspects were by definition not considered
for the measurement of the programme’s success. An apt comment on the South
African electrification programme was thus (see e.g. Ward, 2002):

“Electricity is the Answer! - What was the Question?”

6.3.2 Integrated Energy Centres

Prasad (2006) describes the purpose and advantage of an IEC as follows: “Through
bulk buying, IECs would be able to obtain fuels at a lower cost and thereby reduce
the cost overheads associated with transport and multiple-step distribution chains.
Besides bringing energy services ‘closer to the people’, they could stimulate active
local participation in relation to both energy issues and economic development
initiatives and social services.”

Up to this point, IECs are mainly focused on rural areas, especially poverty
nodal areas, being based on the principles described in the Integrated Sustainable
Rural Development Strategy (ISRDS). According to Subramoney (2004), the
purposes of an IEC are the following:

e One-stop energy shop
e Provide energy solutions to communities

e Attract attention of service providers, government and financing agencies
to local level energy problems
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¢ Besides servicing communities, focal point for DME, other government de-

partments, and municipality’s own activities

DME (2003b) states that IECs will be set up by government in cooperation
with stakeholders. It states furthermore that “like the energisation concept, the
Government will be seeking to bring energy services (fuels and appliances) to the
disadvantaged communities, as well as to address health, environmental, economic
and other needs”. Eventually, it is said that “IECs encourage the development of
cooperatives, and thereby enhance economic development activities”.

Prasad (2006) states that “The proposed energy centres are designed to be
public-private-community partnerships, with funding assistance mainly from Sasol
and a high level of participation by local government and community groups. Two
have so far been established, and more are at various stages of planning and
organisation”.!

The establishment of IECs and the development of related activities is an
ongoing process. Updated information on i.a. the number of established IECs,
the number of jobs created, and the number of energy safety trainings performed
is available from the website of the DME.?

Note that an interesting concept stated furthermore by Subramoney (2004) is
to utilise IECs as a “base for local level energy planning, identification of public

and private investment opportunities”.

6.3.3 Unplanned Energisation: A Wood Fuelled Local Econ-
omy in Khayelitsha

In the following Section, the results obtained by the author during the investi-
gation of the dynamics of Cape Town’s wood and paper sector (see Chapter 7)
will be analysed regarding their insights into energisation in an urban context,
emphasising the dynamics between the formal and the informal market sectors.

1In the lead-up to national elections in 2004, it seems that there was a swing towards
establishing IECs in peri-urban locations, to serve poorly serviced communities living around

towns. Possibly this was because these areas have a higher voter density.
2http://www.dme.gov.za/energy /planning.stm
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Although the primary aim of the data collection was to identify the existing
wood & paper streams in Cape wan, it was found that a meaningful informal
wood market has established itself in the informal settlements of the city, i.e.
Khayelitsha. A series of interviews was performed with assistance of Fikiswa
Mahote from Development Action Group (DAG), based on a questionnaire de-
veloped in English and Khosa (local African language), in order to collect the
- necessary data-for the MFA of wood & paper (see-Annexure G). These interviews.
were revisited in order to extract the information relevant for this Section.

A quantitative analysis of material streams has been performed in Chapter 7;
thus, the following explanations will be of a rather qualitative nature.

6.3.3.1 Patterns of Energy Usage

Khayelitsha is a large, mainly informal settlement about 30 km from the centre of
Cape Town, having an estimated population of 400,000-900,000 (StatsSA, 2001).
80% of Khayelitsha’s households are electrified (Prasad & Visagie, 2006). Cowan
& Mohlakoana (2005) state that two thirds of the households which have access to
electricity use it for cooking. This finding challenges the conventional view that
low-income electrified households tend to use alternative energy carriers such as
LPGas, paraffin, or fuel wood for their main cooking tasks.

However though, fuel wood and used timber are utilised for commercial cook-
ing purposes, viz. meat ‘braaing’ and sheep head preparation (see e.g. Qase,
2000).

The devices used for meat braaing are open grills with very low thermal ef-
ficiency. Sheep head vendors prepare their food on open fires as well, boiling it
using pots. The difference to meat braaing is that the food does not come in
contact directly with the open flame, and fumes generated by the combustion of
the energy carrier. Therefore, used construction wood (timber) such as planks
partially substitutes fuel wood. Interestingly, in the case of meat braaing, the

aroma of burned wood is desired by the customers. Used construction wood is

1 A ‘Braai’ is the Afrikaans term referring to the preparation of food with the heat and hot
gases of a fire made with wood or charcoal (equivalent to grilling or barbecue).
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not adequate for serving that latter purpose, as it may contain chemical treat-
ment residues, and thus would pose a health threat as fumes come in contact
with the food. '

Ncasa (2005), a meat vendor in Khayelitsha, states: “I buy and use generally 4
bunches of 20 pieces of wood per day, sometimes even 6-7, when it is very windy.
I buy mainly Port Jackson, either from local people, or from fuel wood traders
with bakkies [pick-up trucks]. They collect the fuel wood either from surrounding
forests in Khayelitsha, or Eersterivier”.

The disadvantages of this type of commercial utilisation of fuel wood and
timber in Khayelitsha are i) its low efficiency, and ii) local emissions, fuel wood
combustion being one of the main contributors to bad local air quality, as well as
the Capetonian Brown Haze phenomenon (see e.g. Spalding-Fecher, 2005).

From an environmental perspective in South Africa, the cutting down of alien
vegetation such as Port Jackson for fuel wood is supported, as it poses a threat to
indigenous vegetation (e.g. Fynbos), as well as groundwater resources. However,
fuel wood collectors must bridge ever longer distances, as vegetation regresses.

Interestingly, fuel wood is sometimes used for previously unexpected purposes.
Mandaba (2005), a fuel wood collector and seller in Khayelitsha, states: “I collect
one [supermarket] trolley of fuel wood per week. I sell the wood to neighbouring
households. They use the wood for boiling water. They sell the water to a church
in J Section, Khayelitsha, which uses it for healing purposes”.

Note that charcoal is being manufactured locally based on fuel wood, which

is used for energetic purposes as well (see e.g. Azorin, 1992).

6.3.3.2 Existing Networks

Fuel wood is collected at the surroundings of townships and sold to commercial
meat braaing places and sheep head vendors. The advantage of fuel wood is its
free availability. Job opportunities are being created regarding the collection and
selling of fuel wood and timber, charcoal manufacturing based on fuel wood, as
well as jobs related to commercial meat braaing and sheep head preparation.
Temba (2005), a fuel wood collector and trader in Khayelitsha, states the
following: “I collect and sell one [supermarket] trolley of fuel wood per day. I
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collect mainly Port Jackson in the Mfuleni area, on the way to Bellville. One
trolley takes five bunches of wood, each bunch counting 6-7 pieces of wood. I
sell it to private households for cooking and commercial meat braaiers. I don’t
make any big profits: What I earn is sufficient for my survival”. The turnover is
estimated at approx. ZAR 150 per week.

The amounts of wood traded by individuals having access to proper transport,
e.g.- ‘bakkies’ (pick-up. trucks), is substantially higher. Amos (2005),-a fuel wood ...
trader in the Strand area (Cape Town), states the following: “I buy the fuel
wood from a collector in Hermanus [ca. 200 km from Cape Town/. I sell around
150-200 bags of wood per week, which makes a turnover of ca. ZAR 1,500 per
week”.

An interesting interface is created to the first economy, as used construc-
tion materials can be collected in the formal areas, or bought from scrap yards,
such as the one run by Ross Demolition (Lansdowne/Cape Town), a demolition
contractor. Some businesses in the informal areas live from the trade of second-
hand construction materials. E.g., Mpokwana (2005), a trader of second-hand
construction materials, states the following: “I sell second-hand doors, windows,
frames and furniture. Fach item costs between ZAR 50-150. I buy my materials
either from Ross Demolition, or collect them from demolition sites around Cape
Town. I own a bakkie [pick-up truck] for transportation, but for bigger loads, I
hire a truck for ZAR 300. I sell about 6 items per week, which earns me more or
less ZAR 2,000 per month”.

Note that second-hand construction goods are utilised for the building of
informal dwellings (i.e. shack or “wendy” houses). Mguli (2005), a builder of
“wendy houses”, says: “I build and sell around 6 to 7 ‘bungalows’ per month,
at approz. ZAR 3,500 each. The framing is made of rusty pine [wood], and the
roofing is made of corrugated iron. The ceiling is made of rhinoboard [wood], and
the walls are either made of zinc sheets or wood pannels. I currently sell more
‘bungalows’ with zinc walls, as wood became more expensive during the last couple
of years”.

A valuable argument is that as long as wood is kept bound in construction, it
has a certain value in terms of carbon sequestration.
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An advantage of “wendy” houses against the backdrop of the current political
situation in South Africa is their mobility. According to Hillary (2005), a coloured
“wendy” house owner in Blackheath/Cape Town, states the following: “I bought
my house 10 years ago, and I moved with it already four times. The problem with
coloured people is that they are often too rich to qualify for the state’s People’s
Housing Process (PHP), but too poor for owning their own land. We have to

move from the places we settle when the land is reclaimed by its owners”.

6.3.3.3 Findings

In the case studied here, the utilisation of fuel wood has largely been suppressed
on a household level by energy carriers such as electricity. However, wood re-
mains an important fuel for commercial activities, thus contributing to economic
development.

It has been shown that a diversified network of especially informal jobs already
exist around the materials fuel wood, charcoal and timber. The means of trans-
portation have been identified as playing a crucial role regarding the development
potentials of certain commercial activities. Furthermore, important linkages have
been build to formal market sectors. By substituting woody material streams or
diverting them for other (energetic) purposes, a list of jobs would be suppressed.

Product pricing has been found to be a main factor influencing the customer’s
choice of energy carriers and construction materials. The quantities of fuel wood
and timber used are strongly linked to their price competitiveness against other
commodities. In the case studied here, an argument for using a specific energy
carrier (i.e. fuel wood) for food preparation is related to the customer’s demand
for a specific flavour.

A list of alternatives exist for using woody material streams energetically (see
Section 2.2.7.2). Logistics might play an important role if existing networks were
to be integrated, as informal fuel wood and timber collection and utilisation has

a decentralised character.
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6.4 Redefining Energisation

Based on the critique in Section 6.2.2 regarding existing definitions and contexts
of energisation, and the analysis of three South African examples, it is the aim of
this Section to develop a new definition of the term energisation. In the following,
explanations regarding the target group, energy service needs and sustainable
development will be given.

6.4.1 The Target Group

It is argued that potentials for energisation will mainly be found in developing
countries, where the majority of the world’s poor live (UNDP, 2004a). Note
that the concept of energisation would also be applicable to developed countries,
although one would then rather refer to the term ‘development’ or ‘growth’.

In the South African context, it is of particular importance to distinguish
the targeted community, as governmental development programmes have often
been focused on rural areas, e.g. by means of the ISRDS, including the rural
electrification programme, easily leading to equating rural communities with poor
communities. Gaunt (2003) thus argues in the context of his thesis that “rural
electrification is based on the segregation of customers, addressing the needs of
both the poor and not-poor in the rural areas. On the other hand, electrification
for social objectives is directed to meeting the needs of the poor and, although
most poor people live in rural areas, many people in urban areas are also poor.”
It shall therefore be emphasised that the definition of energisation will apply to
poor communities, independently from their location (viz. rural or urban).

However though, it shall be noted that the focus of this thesis will be on the
poor in (peri-)urban areas, as this field has not yet been analysed in detail from
an academic perspective, and promises to bear interesting findings, especially
regarding potential synergies between the so-called ‘first’ and ‘second’ economies.

It is furthermore believed that the term ‘community’ is naive and roman-
tised. Therefore, it is proposed to refer instead to a poor economic subgroup of
the South African economy, which will be called ‘second economy’ (Mokopanele,
2006a), consisting of consumers and producers stemming from the domestic, and
commercial/industrial sectors (see economic model developed in Section 6.5).
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same overall economy.

ClusterPlus' segments the South African population into 10 main groups,
which are further divided into 38 clusters. These groups and clusters have been
defined in terms of the socio-economic rank, life stage, and dwelling type (Knowl-
edge Factory, 2005). In Cape Town alone, 11 different clusters can be identified,
illustrating the meaningful variety of specimen (consumers) populating the con-
sidered urban ecosystem, implying an important number of potential synergies to
be exploited against the background of energisation. It has been chosen for the
sake of clearness to reduce the number of considered elements for the economic
model to high and low-income households.

By looking closer into the energy sector (shaded box of Figure 6.6), one identi-
fies a classic energy sector within the first economy, being characterised by central
actors, international networks, formal business activities, and competition (Ke-
bir, 2003). On the other hand, the microenergy sector has a rather decentralised
character, being constituted of many actors, practicing informal business, and
being limited in choice (Kebir, 2003). The energy sector in general produces en-
ergy services that are bought by consumers (e.g. households and firms - arrows
3 & 4). At the same time, the microenergy sector buys energy services from the
classic energy sector, whereas at the same time, the former could act as supplier
to the latter (arrow 6).2 ‘

Eventually, the following classification must be understood. According to
president Thabo Mbeki, South Africa’s economy can be divided into a first and
a second economy (Mokopanele, 2006a). The first economy contains the firms in
the formal sector (incl. the classic energy sector) and high-income households,
being characterised by being rich and well developed, being constituted of middle
to large firms acting in the formal business sector, which can produce or import
all necessities. The second economy (cross-hatched boxes) contains firms in the

! According to Knowledge Factory (2005), “ClusterPlus is a geo-demographic segmentation
system which provides remarkable insight into the behaviours, characteristics, lifestyles and
locations of the people of South Africa. Developed at a suburb level, ClusterPlus is an essential
component of any micro-marketing model allowing for the meaningful targeting of prospects in

specific areas”.
2The energy services produced and consumed by the formal sector have not been represented
by an arrow for the sake of transparency; the same applies to the informal sector.
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informal sector (incl. microenergy sector) and low-income households, and is
characterised by being poor and marginalised, being constituted of either small
or micro enterprises. This classification is important, as in the following Section,
the emphasis will be laid upon the second economy, as only here, (sustainable)
energisation can take place as previously defined (see Section 6.4.4).

.6.5.2_ Translating Energisation_into the Economic Model _

The aim is now to translate the concept of energisation into the defined economic
model in a qualitative manner. The main focus of sustainable energisation is
on the second economy (informal sector including microenergy sector, and low-
income households), which will be subject to the primary effects of the process.
Secondary effects will have repercussion on the remaining elements of the system.

In Table 6.1, the impact of Sustainable Energisation has been represented
for each element of the economic model (see Figure 6.6). Firstly, the impact
on the different sectors of production/provision and consumption are considered
(boxes in Figure 6.6), followed by the flows of commodities (arrows in Figure 6.6).

# Name of Element Impact of Sustainable Energisation

A Firms (Producers/Consumers) Growth

Diversification of Activities

Job opportunities

Fluctuations in Energy Tariffs (Higher Demand vs
Higher Supply)

Fluctuations in Waste Disposal Tariffs (Higher Recov-
ery Rate, Higher Generation Rate)

aj Firms - Formal Sector Creation of Market Gaps for Informal Sector

az Firms - Informal Sector Economic Development

New Enterprise Opportunities

Higher consumption of goods & services

Higher waste generation rate

Higher supply to formal sector

B Households (Consumers) Better social environment (less unemploy-
ment/criminality)

Impact on local air pollution (cleaner fuels vs higher
consumption)
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Environmental impact through higher waste genera-
tion (disposal vs recycling)

Fluctuations in Energy Tariffs (Higher Demand)
Fluctuations in Waste Disposal Tariffs (Higher Gener-
ation Rate) )

by

High-Income Households

Supplementary Income Source (Supplier of Second
Hand Market)

bz

Low-Income Households

Poverty Alleviation

Better Health

Better Education and Skills

Better job opportunities

Higher Income

Consumption of higher quantity, quality and variety
of (energy related) goods and services

Higher waste generation rate

Different waste generation pattern

Energy Sector

Growth

Diversification of Activities

Job Opportunities

Higher Conversion Efficiency

Fluctuations in Energy Tariffs (Higher Supply)

al

Classic Energy Sector

Creation of Market Gaps for Microenergy Sector
Fossil Fuel Substitution by Renewable Resources (incl.
Waste)

a2

Microenergy Sector

Economic Development

New Enterprise Opportunities

Utilisation of renewable energy sources

Supplier to Classic energy sector

Supplier to Low-Income Households esp. where not
viable for classic energy sector

Primary Resources

Increase in Quantity

Goods & Services

Increase in Quantity, Quality and Diversity

Firms - Waste

Increase in Quantity

LIRA L2 Rl

Firms - Goods & Services

Increase in Quantity, Quality and Diversity (both di-
rections) '

Labour

Increase of skilled labour
Decrease of unskilled labour

Households - Waste

Increase in Quantity
Change in quality (less organic matter in MSW)
Higher Recovery Rate

Households - Goods

Increase Second-Hand Energy Devices and secondary
energy carriers (b — b2)

Primary Materials & Energy Resources

Increase in Quantity, Quality, and Diversity
Shift to more sustainable, renewable energy resources
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11 Energy Related Goods and Services Increase in Quantity, Quality and Diversity
I En. Rec. Waste & Energy Related Second- | Higher Waste Recycling Rate (Energetic Usage)
Hand Goods )
Increased Reuse of Second-Hand Energy Devices
v Energy Sector - Goods & Services Increase in Quantity, Quality & Diversity (both direc-
tions)

Table 6.1: Impact of Sustainable Energisation on Economic Model
As can be seen in Table 6.1, impacts that will affect firms as a whole (A)
--- —— ——-- gre-economic-growth; diversification of activities;-both of which will-engender job— — — -
" opportunities. Fluctuations in energy and waste disposal tariffs will be noticeable,
respectively because of a balance between higher energy demand (low-income
households and informal sector) and higher supply (energy sector), and a balance
between higher waste recovery and waste generation rates. Note that firms are
also producers, and as such will trigger higher consumption and waste generation
rates.

An impact specifically on the formal sector (al) is the creation of market gaps
for the informal sector.

Furthermore, the informal sector (a2) will profit of economic development,
including the setup of informal market infrastructures, enabling new enterprise
opportunities. In contrast, economic growth is used in this context as merely the
increase of growth rates, whereas economic development focuses specifically on
the start-up phase. Furthermore, there will be an increase in supply opportunities
to the formal sector. '

It is worthwhile stressing the paramount importance to identify opportunities
for the informal sector to supply the formal sector. Mokopanele (2006b) writes:
“Believing that small businesses [informal sector] would create more jobs than
big firms [formal sector], the government has set up parastatals to support them.
These include Ntsika for training and Khula Enterprise Finance to provide mi-
crocredit. However, Mike Schussler, an economist at T-Sec, says the strategy has
not worked well. Khula has failed because its strategy is based on the assumption
that there are enough linkages between the first and second economies to generate
credit demand for micro enterprises [informal sector] to act as suppliers to first
economy. Schussler says these linkages, however, are just not there in sufficient
quantity.”
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Impacts that will affect households as a whole (B) are a better social envi-
ronment through lower unemployment rates, thus resulting in less criminality.
Moreover, local air pollution will either increase or decrease, depending on the
balance between a higher share of cleaner fuels and the increased quantity of total
energy carriers consumed. It might be that a shift from local to global emissions
will be noticeable (less particulate emissions, but higher CO, emissions). In a
similar manner, local environment will be affected by a higher waste generation
rate; here the balance between recycling and disposal rate will be of importance.
Furthermore, a higher energy demand from low-income households will affect the
pricing structure of energy carriers for all consumers, i.a. electricity tariffs. The
same statement is valid for waste disposal tariffs.

An impact specifically on high-income households (b1) will be an additional
revenue source through the increased sale of (energy related) second-hand goods
such as used fridges or stoves. The transactions can happen either through mid-
dlemen (e.g. second-hand shops, e-waste initiatives - firms) or with low-income
households directly.

For the low-income households (b2), Sustainable Energisation (SE) implies
poverty alleviation, better health standards, better education and skills, which
results in better job opportunities and a higher income. A higher income will
entail the consumption of a higher quantity, quality and diversity of (energy
related) goods and services (see Section 6.2.2, ‘Dynamics’). Eventually, a higher
consumption will lead to a higher waste generation rate and a change in waste
generation patterns (proportionally less organic matter in MSW, see Jeffares &
Green (2004)).

When one focuses specifically on the energy sector (@), the following impacts
become apparent. Due to economic growth and diversification of activities there
will be an increase in job opportunities. As for SE, the whole energy supply
chain must be considered from a sustainability perspective, leading i.a. to higher
efficiencies in the conversion processes (see Section 6.6.2). Fluctuations in energy
tariffs will also be noticeable especially through higher energy supply.

Regarding the classic energy sector (a;), gaps will be created for the mi-
croenergy sector. Furthermore, a shift from fossil to more sustainable, renewable

sources will take place, including waste.
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Specifically for the microenergy sector (az), economic development will take
place with increased opportunities for new enterprises. Many new enterprise
opportunities will emanate from the renewable energy sector (see e.g. India).
The microenergy sector will act more and more as a supplier to the classic energy
sector (e.g. IEC), and as a supplier especially to low-income households, where
the market is not viable for the classic energy sector.

e Regarding the system flows, a rise in quantity of primary resources will occur
(1). Furthermore, goods & services provided to households (2) will increase in
quantity, quality & diversity. There will be a noticeable increase in the volumes of
waste produced by firms (3), as well as the quantity, quality and diversity of goods
& services exchanged between the formal and the informal sector (4). There will
be an increase in skilled labour, and a decrease in unskilled labour (5).! However,
this aspect needs to be balanced with urban influx and population growth rates.
It is worthwhile noticing that the availability of skilled and unskilled workers has
an effect on the viability of new ventures, but that only the former is rate limiting
in a developing economy.

Regarding the waste produced by households (6), there will be an increase in
quantity and a change in quality due to a decrease of organic matter in MSW.
A higher recovery rate will also be observed, as firms shift to renewable energy
source, as well as start-up ventures based on the collection and trade of second-
hand/used goods.

Moreover, there will be an increased flow of second-hand (energy) devices and
secondary energy carriers from high-income to low-income households (7).

Focusing on the energy sector, there will be a rise in quantity, quality and
diversity of primary materials and energy resources, especially because of the shift
to more sustainable, renewable energy resources (I). Regarding the provision of
energy related goods & services, an increase in quantity, quality and diversity will
occur (II). Regarding energetically recoverable waste & energy related second-
hand goods (III), an increase of the energetic recovery rate of specific waste
fractions will occur, as well as an increased reuse of second-hand energy devices.
Finally, the exchange of goods & services between the classic energy sector and the

In this context, Gaunt (2003) states that “the most abundant resource of the poor [low-
income households] is labour, and other resources are in short supply”.
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microenergy sector will increase in both directions in terms of quantity, quality
& diversity (IV).

Regarding the overall system, a growth and diversification of activities and
flows is noticeable, meaning that the system as a whole becomes more complex.
It will be of paramount importance to balance the system in order to keep it
efficient. For instance, new ventures created through the collection and/or retail
of energy carriers have a benign effect because of generating income opportunities
and rendering energy carriers more accessible. However, too many middlemen
would increase the cost of energy carriers in such a way that they are no longer
affordable by certain consumers. In this case, the system would become too

complex and less efficient (see e.g. Tainter, 1988).

6.6 Integrating Energisation into the Planning

Process

6.6.1 The ALEP Approach

Against the background given in Section 2.2.4.2 regarding the Advanced Local
Energy Planning (ALEP) approach, the main emphasis in this Section will be
laid upon the main study phase. According to IEA (2004), the main study deals
with the comprehensive analysis of the energy system, aimed at a medium to
long-term strategic planning. The different steps of the main study phase are the

following:
1. Definition of the structure of the comprehensive model (e.g. the RES)
2. Compilation of the model database
3. Calculation of scenarios and strategies
4, Integration of subsystem analyses

5. Sensitivity analysis
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According to IEA (2004), the interaction between comprehensive studies and
subsystem analyses must furthermore be accompanied by the use of models (see
Section 2.2.5), which are simplified mathematical representations of the energy
flows and costs of an actual (technical) energy system.!

Against the background of this thesis, the challenges of modeling energy sup-
ply alternatives for poor economic subgroups will be stressed. It is postulated

e — - —that- because-of-the-mathematieal /technical-nature-of-energy-models;-the-multi— — —
dimensional issues of specific energy supply objectives such as energisation tend
to be marginalised by the usage of models such as MARKAL. The latter is a typ-
ical linear programming tool, whose primal problem deals with the minimisation
of the total discounted cost of the antrophogenic activities system (Cosmi et al.,
2003). In other terms, scenarios are being optimised in order to obtain a least
cost solution.

It has been recognised by Howells et al. (2005) that there are common limita-
tions in low-income (rural) energy modeling, who describe these as having impacts
i.a. on the structuring of the model. It has been found that a common problem is
to overestimate the market penetration of electric appliances and hence electric
consumption, traditional fuels remaining important energy carriers. Furthermore,
it is stated that “the simplification is often made that a demand device such as
wood oven [...] is modeled to meet a single energy service such as cooking. In
reality, devices such as ovens are often used to provide several services, meeting
space and water heating as well as cooking. This significantly reduces the costs
incured compared to the use of several electrical devices to meet each specified en-
ergy demand”. Moreover, it is stated that “behavioural aspects of the energy usage
by the poor are often not comprehensively captured by current means”. These be-
havioral aspects include status, convenience, health and other welfare, being of
importance in terms of choosing between options with similar costs. In a model-
ing approach, where cost minimisation is considered to be the objective function,
behavioural aspects tend to be neglected. Eventually, Howells et al. (2005) state

'In most of the ALEP studies, the energy system model MARKAL was used for the com-
prehensive analysis, whereas many subsystem models were used for the analysis of specific
problems. The author is familiar with the usage of MARKAL as well as LEAP.
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that “the availability of energy data such as usage profiles and appliance penetra-
tion for rural households is limited”, and continue regarding external cost data
by stating that “Models are often used to capture the environmental, health and
welfare effects [...], and are referred to as external or externality costs. They may
be given different weight in countries of different economic wealth”.

6.6.2 An Extended Approach

Based on the previous explanatory steps and findings, it is stated that the defini-
tion of the structure of the comprehensive model (e.g. the RES), which is at the
basis of the main study and any further steps regarding calculations and model-
ing, is crucial in terms of capturing and integrating the objectives formulated in
the preparation and orientation phase in a technical and mathematical manner.
Against the background of this thesis, an extended approach is therefore proposed
in order to integrate the multiple aspects of energisation into the structure of the
comprehensive model.

By translating the concept of energisation into an economic model (see Sec-
tion 6.5), it has been shown that the sustainable energisation of a poor economic
subgroup is embedded in a complex system of reinforcing loops. The aim is to
compile a concise checklist for energy planners in order to technically implement
the multiple aspects of energisation into the design of the structure of the com-
prehensive model for each tier in the energy service supply network.

6.6.2.1 The Energy Service Supply Network

In Figure 6.10, a flowsheet superstructure! is introduced representing the different
tiers in the energy service supply network, stretching from the energy service
demand to the sources (a similar approach regarding the differentiation of tiers
has been used in UNDP (2004b)). The flowsheet superstructure is similar to the
structure of comprehensive models, and can be used as a template for setting-up
a RES. .

As can be seen in Figure 6.10, seven different tiers of elements have been
defined, namely sources (S), primary energy carriers (s), conversion/distribution

1see Section 2.3.2.2
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Figure 6.10: Flowsheet Superstructure

technologies (T), intermediate/final energy carriers (t), end-user devices (D), en-
ergy services (d), and energy service demands (E).

Moreover, there are two different types of elements:

o Boxes, representing processes of provision, conversion, distribution or con-
sumption

e Arrows, representing flows of energy carriers or services

The elements of the tier ‘Sources’ represent the sources of primary energy
carriers (e.g. coal mines, oil wells, forests).

The elements of the tier ‘Primary energy carriers’ are raw energy products
that generally need processing and can not be used as such in an end-user device
(e.g. crude oil, wind, trees).

The elements of the tier ‘Conversion/Distribution Technologies’ are processes
that either convert primary energy carriers into intermediate/final energy carriers
(e.g. oil refineries, gas turbines, wood gasifiers), or distribute energy carriers (e.g.
gas grids, electricity grids, district heat networks). These processes can be coupled
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to each other in numerous ways.! Each energy carrier emerging from one conver-
sion/distribution process and entering a subsequent conversion/distribution pro-
cess is qualified as an ‘Intermediate Energy Carrier’ (e.g. syngas, process heat, Di-
rect Current (DC)). Each energy carrier emerging from a conversion/distribution
process ready for being used in an end-user device is called a ‘Final Energy Car-
rier’ (e.g. electricity, heat, LPG, biodiesel). Conversion/distribution processes are
technically realised in form of medium to large scale applications. The elements
of the tier ‘End-User Devices’ are appliances that convert final energy carriers
into energy services on a household or small-micro company level (e.g. stove,
light bulb, internal combustion engine), or commercial/industrial level (e.g. fur-
nace, drying unit, cooling equipment). The appliances are generally smaller than
conversion/distribution technologies. The elements of the tier ‘Energy services’
represent the useful services delivered by end-user devices (e.g. space heating,
heat for cooking, motive power). More than one energy service can be delivered
by one end-user device. The elements of the tier ‘Energy Service Demands’ rep-
resent energy related needs of the end-users. Energy services are being consumed
for the satisfaction of end-user needs.

By following the arrows from sources to energy service demands, the different
routes or pathways through the energy service supply network are identified. A
practical example of such a pathway is represented in Figure 6.11. The primary
energy carrier ‘Fuel Wood’ has been collected from the source ‘Forest’. After hav-
ing converted it to the intermediate energy carrier ‘Wood Gas’ by gasifying the
fuel wood, the final energy carrier ‘Biofuel’ is produced via the conversion technol-
ogy ‘Fischer-Tropsch Synthesis’. By feeding the biofuel into the end-user device
‘Internal Combustion Engine’, the energy service ‘Motive Power’ is obtained,
which is ultimately employed for satisfying the end-user demand ‘Transport’.

6.6.2.2 An Energisation Checklist

Based on the previously defined flowsheet superstructure, each tier will be anal-
ysed regarding the integration of the concept of sustainable energisation. As can

1This aspect is represented by the two dotted lines in Figure 6.10, implying that the area
between the two dotted lines is expandable.
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Transport I:E:I End-User Demand

Figure 6.11: Energy Service Supply Pathway - Transport

be seen in Table 6.2, a checklist has been developed, which shall allow planners
to integrate the aspects of the concept into their RES. The checklist has been
developed in form of a matrix, classifying the checkpoints into poverty allevia-
tion and economic development issues, considering each tier of the energy supply
chain from resource harnessing up to the end-user demand.

The information gathered is based on a detailed review of available literature,
working out and adding essential aspects of the concept of sustainable energisa-
tion in an urban context in a developing country. A special emphasis has been
laid upon the creation of synergies between the four different actors identified
within the urban ecosystem based on the economic model developed under Sec-
tion 6.5, namely producers stemming from the formal and the informal sector,
and consumers split-up into high-income and low-income households.

As can be seen in Table 6.2, a series of conditions have been gathered for
each tier of the energy service supply network (see Figure 6.10). If a condition
applies to an element of the respective tier, it will affect one or more of the five
impact categories. These five categories are Affordability (AF) and Accessibility
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(AS), being both critical enablers for sustainable energisation, Poverty Alleviation
(PA) and Economic Development (ED), the two principal effects being achieved
via Sustainable Energisation (SE), and Environmental Protection (EP), being

included in the process of SE.

Proximity to end-user This aspect applies to the source, as well as to con-
version and distribution technologies. It supports the reduction of transport
distances between the different elements, as well as related costs and emissions.
Thus, there is an improvement of AF, AS and EP. Note that a source in close
proximity to the end-user is generally less prone to global market fluctuations,
as it is the case for the fossil resources. Hence, an aspect of security of supply
is included. Furthermore, the closer the source or the conversion/distribution
technology is to the end-user, the more likely it is that local job/enterprise op-

portunities are created (see ‘Employment’).

Employment This aspect applies to all tiers of the energy service supply net-
work except energy service demand, and focuses specifically on job opportunities
for low skilled labour and venture opportunities for small and micro enterprises.
For the source, employment can be created regarding the harnessing of the re-
source. For the primary, intermediate/final energy carriers, job and enterprise
opportunities might be available regarding collection, transport, and retail of
these commodities. For the conversion/diétfibution technologies, job and enter-
prise options might lie in the operation and maintenance sector. For the end-user
devices, job and enterprise opportunities might lie in the transport and retail
branche. In each case, existing job networks should be respected, and integrated
where possible. It is suggested in connection with the existing infrastructure re-
garding LPG and paraffin, that retail activities could be borne by local SMMEs
(Ward, 2002). ‘

Existing Infrastructure The integration of existing infrastructure applies for
the sources and the conversion/distribution technologies. In an urban area, ser-
vice infrastructure such as sewage plants exist, which can be integrated as energy
sources. Furthermore, existing electricity, gas and heat grids can be integrated for
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the distribution of intermediate/final energy carriers. For instance, the existing
petrol station infrastructure could be used for the distribution of biofuels.

Costs The cost factor is the key to the final Affordability (AF) of the energy
service, and should thus be considered for every element of the energy network,
except for the energy service itself and the final energy demand. 4

Generally, low-cost energy service supply systems should be considered, where
harnessing, conversion and distribution include low capital investment and opera-
tional costs, while operating with a high technical efficiency, i.a. reducing further
costs.

In the context of a developing country, cost estimation for the erection of
plants and establishment of energy systems is difficult, as long-term investments
are prone to risks (e.g. political stability - see Delany & Varga (2002) and Erb
et al. (1996)), there are few cases of precedent, and cost estimations must happen
based on proxy factors such as location factors (see e.g. Amigun et al., 2006).

As a rule-of-thumb, it should be aimed at settling labour-intensive industries
in developing countries, as a typical characteristic for developing countries is
high (unskilled) labour availability and low investment capacity. However, this
approach has the danger to oversimplify micro-economic reality. According to
van de Ven & van Luijk (1986), labour-intensive industries can be advantageous
in under-developed countries only if a number of rigorous conditions is satisfied,
i.a. a minimum local labour productivity, and a high ratio of indirect/direct
workers.

Economic viability for investors is a further issue. While securing affordability
for end-users, markets must remain attractive for investors. A means for achieving
this goal is the creation of Public-Private Partnerships (PPPs), where financial
support from the public side due to its responsibilities towards the population
can attract private investment into unattractive markets.

Furthermore, markets unattractive for formal business activity might still bear
potentials for informal activities or micro and small enterprises. A conscious cou-
pling of these two business spheres can lead to high synergetical effects. In this
context, DME (2003b) states that “In order to provide affordable access and to
attract the market and banking sector to service communities with a package of
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energy services (photovoltaic systems, paraffin, LPG, and renewable alternatives
such as gel fuel and solar cookers) sustainable, effective and efficient micro-credit
schemes and other financial support mechanisms have to be developed and imple-
mented.”

Furthermore, there are financing schemes and subsidies for the different tiers
in the energy service supply system in order to render the realisation and imple-

.- mentation-economically-viable — —— - - i

In a non-Annexure A country under the Kyoto protocol (e.g. South Africa),
the setup of energy service supply measures according to the requirements of
the CDM qualifies for extra support based on the trade of Certified Emissions
Reductions (CERs) (see e.g. Tyler, 2005). Note that it is more efficient to in-
tegrate such requirements in the planning phase of a project, than to upgrade
existing projects to fit the requirements. In South Africa, further potential fund-
ing for sustainable/renewable energy options is available via Eskom’s DSM fund,
or the DME’s Renewable Energy Finance and Subsidy Office (REFSO)*.

Social tariffs for electricity might increase the affordability of electricity. How-
ever, a high misuse potential is given (see Section 6.3.1).

Microcredits for the purchase of energy supply technology might be a better
option. Microfinancing schemes for the start-up of microenterprises are believed
to be the best solution regarding economic development from a long-term per-
spective, as they include the prospect of job creation in the local energy sector
(see e.g. Kebir (2003) and E+Co (2004)).2

External costs regarding threat to human health and environment should also
be considered. However, these issues are discussed elsewhere in this Section.

Ease of Processing/Handling A low technical expenditure regarding the
harnessing and processing of energy carriers reduces costs, improves efficiency,
decreases health risks and environmental impacts.

lhttp://www.dme .gov.za/energy/renew_finnace.stm
ZInterestingly, the 2006 Nobel Peace Prize was awarded to Dr. Muhammad Yunus and the

Grameen Bank “for their efforts to create economic and social development from below” (Nobel
Foundation, 2006). Yunus and his bank have meaningfully contributed to the development of
the concepts of microcredit and microfinancing (see e.g. Yunus, 1999).
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Figure 6.12: Relationship Diversity/Efficiency

Moreover, according to the physical state and the harmfulness of the en-
ergy carrier, adequate technical measures must be taken regarding the means of
transport. By focusing on easily transportable energy carriers, related capital
expenditure and potential threats to human health and environment are kept

low.

Diversity The question of diversity applies to all tiers of the energy service
supply network, except for the energy service demand. A diverse energy service
supply network secures energy service supply firstly in terms of being less vul-
nerable to global market fluctuations esp. regarding fossil energy carriers, due
to the systems capacity to balance instabilities regarding pricing and availability
(Heinberg, 2003). Furthermore, a diverse energy supply network is a prerequisite
for meeting the diversity of the end-user’s energy service demands. Finally, a
diverse energy service supply network bears a higher variety of job and venture
opportunities, esp. regarding low skilled labour and informal business activities.

A threat is though that the system tends to become less efficient the more
diverse it gets after passing a critical point. According to Figure 6.12 (adapted
from Tainter, 1988), prior to point C1/B1, the system is efficient. Between points
B1/C1 and B2/C2, efficiency gradually decreases. After a system passes point
B2/C2, efficiency becomes negative, and the system becomes vulnerable to col-
lapse. As a rule-of-thumb, it should be thrived to render a system as diverse as

possible without passing the critical point.
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By focusing more specifically on conversion technologies and end-user devices,
the option more diverse in its energy products (e.g. CHP, cooking stove) should
be favoured and recognised as such.

Efficiency From a technical point of view (e.g. thermal and electrical effi-
ciency), sources should be easily harnessed, primary/intermediate energy carriers

—..should be efficiently converted and distributed, .and final energy carriers should.. .

efficiently be transformed into energy services. The reduction of related emis-
sions, as well as the reduction and reuse of emerging by-product/waste streams
contribute to the decrease of malign environmental impacts (see ‘Waste Manage-
ment’). These considerations could be summarised under the concept of “Cleaner
Production” (see e.g. Fijal, 2007).

The ratio of Energy Returned On Energy Invested (EROEI) gives a good
approach for measuring the efficiency of specific energy service supply pathways
(see e.g. Heinberg, 2003). Effects are not only lower costs, but also a positive
environmental impact. It should also be noted that EROEI does not necessarily
remain constant over time, but might vary according to the level of depletion of
finite sources, or improved conversion efficiency due to technological progress.

As a rule-of-thumb, energy carriers with higher energy content and higher
density should be favoured, as they are easier to transport, and allow higher
efficiency rates for conversion processes.

Waste Management By reducing/reusing by-products and waste, conversion
pathways can be rendered even more efficient. Furthermore, waste and by-
products can be used as sources for other energy service supply pathways (see
e.g. von Blottnitz et al., 2006). In both cases, waste streams are being diverted
from local landfill sites, and environmental impacts as well as related costs are
being reduced. Note that here, meaningful business opportunities exist esp. for
informal approaches, e.g. paper waste collectors (see Section 7.3.4).!

!Interestingly, Zablon Karingi Muthaka (Nairobi, Kenya) won the Youth Business Inter-
national Entrepreneur of the Year 2006. Williams (2006) says “Frustrated by the scarcity of
official waste disposal sites and the accumulation of rubbish at every street corner of his city,
Muthaka spotted a business opportunity and set up Beta Bins Waste Management, a domestic
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Maintenance This aspect applies to the source, conversion/distribution tech-
nologies, and end-user devices. The ease of maintenance is derived from the
nature of the process technology/appliance as such, as well the availability of
spare parts and personnel qualified for the task. A simple conversion process or
end-user device is in general easier to maintain than a complex one, thus caus-
ing lower maintenance costs. On the other hand, the maintenance infrastructure
necessary for more complex harnessing/processing technologies and devices bears
job and enterprise potentials. These two aspects must be balanced.

Traditional Fuels A big competitor to primary and intermediate/final energy
carriers are traditional fuels such as wood and dung, esp. because of their very
low costs. This makes it very difficult for other energy carriers to compete, as
affordability is one of the critical enablers for SE. An option would be to subsidise
cleaner and safer (final) energy carriers such as electricity. It has been shown that
that option has a high risk of misuse (Gaunt, 2003). A further alternative would
be to use traditional énergy carriers (incl. related job networks) for feeding more
efficient/different transformation technologies and end-user devices (e.g. small
and large-scale gasifiers). A concern would remain regarding the environmental
impact of the collection/ harvesting of traditional fuels, e.g. deforestation.

Bulking This aspect applies to intermediate/final energy carriers, as well as
energy services. The bulk/grid supply of energy carriers has a favourable effect
on affordability due to lower prices, and accessibility due to reduced transport dis-
tances. If final energy carriers had to be purchased individually by each end-user
at the point of production, transport distances, and related costs and emissions
would be much higher. The usage of intermediates such as retailers (e.g. IECs -
see Section 6.3.2) is an option. The same is applicable for the purchase of end-user
devices.

The statement applies for the delivery of energy services as well. For instance,
the bulking of transportation such as in public transport systems is more efficient

waste collection company. [...] [T]he business proved so successful that its remit has been ez-
panded to include recycling plastics, cottons, paper, bones, metallic products, composite manure
and foodstuffs.”
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in terms of costs and emissions than individual transportation. However though,
end-user behavioural aspects such as convenience play an important role (Howells
et al., 2005).

Safety /Cleanness Safety and cleanness refer to the health impact on the end-
user, and thus apply to final energy carriers, end-user devices and energy services.

‘The safe storage of final energy carriers, the safe operation of end-user-devices, -
as well as the safe delivery of energy services are included in the aspect of poverty
alleviation. Especially the fire hazard associated with end-user energy supply
plays a critical role regarding township fires, and annually causes important toll
numbers in terms of material and human damage (CCT, 2006c).

Health impacts can be caused by leaking storage devices for final energy car-
riers, as well as emissions from the conversion processes of the end-user device
and the delivered energy service (e.g. indoor air pollution - see von Schirnding
et al. (2002)). Evidently, options with lower health impacts should be favoured.

Misuse Potential Final energy carriers and end-user devices should have a
low misuse potential in terms of delivering energy services.

As the energy planner has little impact on end-user behaviour, the focus on the
delivery of specific energy services via the complex of final energy carrier/end-user
device should be integrated in the planning/design stage. E.g. the replacement
of electric two-plate stoves with gas stoves incl. a bottle of LPGas had an imme-
diate effect on the energy use pattern for cooking for affected households (Faniso,
2006).!

Another example is the introduction of SWHs as promoted by the by-law on
solar water-heaters in Cape Town (Nielsen & Bengtsson, 2006)2. By focusing on a
(transformation technology/) end-user device delivering a specific energy service,
viz. hot water, the misuse potential has been reduced.

'However, the subsidisation (substitution) of end-user appliances such as the distribution
of gas stoves and CFL bulbs (see e.g. (Faniso, 2006) and Shlensky (2006)) are believed to be
exceptional, as the intervention was motivated by an urgent energy saving need, which would

have resulted in much higher costs to Escom if not met immediately.
2?see Section 3.4.5.2
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Substitution This condition applies specifically to final energy carriers, end-
user devices and energy services. The level of appropriateness of an alternative
energy carrier, end-user device or energy service can be compared to the level of
appropriateness of the elements to be replaced, regarding i.a. costs, efficiency,
safety, cleanness and environmental impact. If this level is higher than the one
of the elements to be replaced, the substitution is advisable. In this context, one
can also refer to the concept of “Opportunity Costs”, as being the cost balance

of alternatives compared to the option in place (Wesseler, 2007).

Passive Measures The delivery of energy services can be improved via the
integration of passive measures such as house orientation and insulation (see e.g.
UNDP, 2000b, Chapter 6). Not only does the integration of such measures im-
prove the efficiency of delivered services, but also reduce costs and environmental
impacts. Furthermore, the installation of such measures bear job and enterprise

opportunities.

Priority of Energy Needs An energy planner should first identify and pri-
oritise energy service demands as being primary and secondary energy service
needs. By doing this, the energy planner prioritises these energy needs, and as-
sures that the wanted effects of poverty alleviation and economic development
are achieved. As a rule-of-thumb, energy demand should drive the design of an
energy service supply network. Furthermore, misuse potential is being redﬁc_ed,
as energy service demands for less important purposes (e.g. leisure) are being

deprioritised.

Hidden Demands Besides the first purpose of an energy service demand, there
might be other demands that could be satisfied simultaneously. The energy plan-
ner must identify these hidden demands in order to render the energy service

delivery as efficient as possible, and optimise the impact of SE.

Culture & Market Compliance Energy service demands should be consis-
tent with the cultural values of the concerned population groups, as well as the
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market requirements in the case of energy service demands for commercial pur-
poses. In the former case, e.g. cooking is a task that has traditionally been
carried out by women, and women measured their position in society according
to this aspect (see e.g. Laing & Rosselli, 1998). In the case of cooking for com-
mercial purposes (see e.g. meat braaing), a market demand besides the cooked
food is the flavour of burned wood, thus having an impact on the final energy car-
rier (see Section 6.3.3). The entirety of the aspects concerning culture & market

compliance must be understood when identifying energy demands.

6.6.3 Observations, Discussion and Recommendations

Whereas some aspects are of a more general nature with regards to energy plan-
ning, the emphasis has been laid upon issues related to the concept of sustainable

‘energisation for the compilation of the checklist.

The development of the checklist has shown that the concept of SE touches on
a multitude of issues with regards to the set-up of the comprehensive technical
planning model, requiring some prerequisites in order to be implemented suc-
cessfully. It is therefore that the following five points are being recommended for
implementing effectively the concept of SE into the local energy planning process:

1. Integration of goals of energisation into MCDM, i.e. ALEP phases A & B

2. Identification and prioritisation of energy service demands according to pri-
mary and secondary nature

3. Data collection regarding existing sources according to proximity to end-

user

4. Data collection regarding all existing pathway options for meeting energy
demand based on identified sources

5. Set-up of energy service supply network structure incl. the required level
of depth regarding energy service demand

6. Control and adaptation of energy service supply network according to check-
list
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Several aspects of energisation are conflicting, e.g. job creation and final
energy carrier affordability, or global emissions and economic growth. These
issues need to be traded-off in an MCDM process according to the importance
allocated to these issues by the different stakeholders.

It has been identified that the knowledge of all possible technological options
for meeting energy demand is at the basis of a rich and efficient energy planning
process that fully integrates the concept of SE. An innovative way of tackling
this task is the creative generation of options, which will be discussed in depth
in Chapter 8.

Furthermore, a tendency to shift from local to global issues has been observed
the higher the considered tier in the energy service supply network. Whereas
final energy carriers and end-user devices have a direct impact on the end-user,
distant conversion processes will have more global repercussions.

A similar trend is noticeable regarding energy carrier consumption. An in-
creasing household income is coupled to an increasing quality of energy carriers,
but also to a higher total energy consumption. Indoor and local air pollution
tend to decrease, but rising CO, emissions have a greater global impact.

By keeping the energy supply network as local as possible, job and enterprise
opportunities can be maximised for the considered population subgroup.

It is believed that a local energy service supply network would also bear an
awareness effect, as it would make the environmental issues related to the energy
supply process more visible to the end-user, resulting in a public pressure for
rendering the system even more sustainable.

It is believed that especially local government should take an active role in
rendering investment more attractive in SE, e.g. by means of PPP or subsidies.
It should be noted though that, from a macroeconomic perspective, it is not
the ultimate long-term solution to make a business sector grow on the basis
of subsidies. In this context, The Economist (2006) argues that: “Subsidies
distort investment: since the German government fized the price for solar power
at munificent levels, the country has been sucking in huge numbers of solar panels
that could be put to better use in sunnier climes. A global carbon taz would be a
more efficient way to close the price gap between fossil and alternative fuels. In

the meantime, subsidies for alternatives are probably better than no action.”.
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It should also not be forgotten that energy usage patterns are tightly linked
to income levels. Thus, economic growth as such can lead to the usage of cleaner
and safer fuels. A means for boosting economic growth especially for previously
disadvantaged population groups in South Africa is BEE.

It has also been understood that the energy planner might have to compromise
between short-term interventions for alleviating dire poverty, and mid- to long-
.term options for economic development. By developing and understanding for the

nature of the energy demand (poverty alleviation and economic development),
the energy planner can design an energy service supply network that mutually
includes both aspects.

It is believed that renewable energy alternatives are more adequate for meeting
the (technical) requirements of SE as fossil resources, especially regarding the
previously discussed aspects of proximity to the end-user, diversity, environmental
impact, integration of traditional fuels incl. related networks, as well as waste
management. It should be noted that the Renewable Energy target of the City of
Cape Town (see Section 3.2) merely applies to the increased supply of unspecified
final energy carriers produced from renewable sources, and makes as such no
systematic contribution to the process of SE.

Finally, it should be noted that energy planning for SE must be a dynamic
process. Even if it has been demonstrated that by considering different economic
subgroups in an urban context, a rich number of synergies can be developed, it
should be borne in mind that podrer households will become richer, and that
informal business activities will grow and will eventually become formal business
activities. This might have repercussions on energy supply networks in terms
of number and skill of labourers, but also on securing supply of certain sources,
such as waste streams. These potential developments must be integrated in the
planning process, and monitored on a regular basis.

6.7 Conclusion

At the beginning of this Chapter, the current notion of energisation was intro-
duced by means of definitions and contexts based on a detailed literature review.
Key findings were formulated. ’
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The benefits and limitations of the current definitions of energisation were
analysed based on three South African examples. The case of the electrifica-
tion process showed the importance of defining end-user related goals for energy
supply initiatives. The concept of Integrated Energy Centres demonstrated the
importance of affordability and accessibility in terms of enabling energisation.
Furthermore, PPP might play an important role in rendering energisation initia-
tives economically viable for investors. The case of a wood fuelled local economy
in Khayelitsha demonstrated the importance of a detailed understanding of energy
use patterns and market requirements, as well as the collection of data regarding
available local energy sources.

Based on the findings of the literature review and the insights won from the
three examples, the existing concept of energisation has been adapted and ex-
tended in order to achieve the intended goals of environmental sustainability
and social development. By refining the target group, prioritising energy service
needs, and the conscious intégration of the concept of Sustainable Development,
a new definition of energisation (‘Sustainable Energisation’) was given.

In the next step, an economic model was developed, based on which the
newly defined concept of Sustainable Energisation was demonstrated. Against
the background of an urban ecosystem, insights into the linkages between the
different elements of the model were won.

The last step consisted in analysing how the concept of Sustainable Ener-
gisation can be implemented into the local energy planning process. Based on
the ALEP approach, an energy service supply network in form of a flowsheet
superstructure was introduced, consisting of seven tiers stretching from end-user
demands to energy sources. Thereupon, a checklist for energy planners was de-
veloped, considering the multiple facets of Sustainable Energisation for every tier
of the energy service supply network. Eventually, a discussion was presented in
order to formulate observations and recommendations.

In summary, it has been demonstrated based on a newly defined concept of
Sustainable Energisation, which focuses by definition on socio-economic devel-
opment needs, that environmental sustainability and social development can be
enabled by the local energy planning process. The development of an economic
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model and the integration of Sustainable Energisation to the local planning pro-
cess showed that renewable energy supply options are more adequate than fossil
alternatives for meeting the requirements of the newly defined concept.

A prerequisite for releasing the full potential of Sustainable Energisation is
the identification of possible local renewable energy sources. This aspect will be
addressed in the following Chapter.
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Chapter 7

Urban Renewable Resources: A
Material Flow Analysis of Wood
and Paper in Cape Town

7.1 Introduction and Rationale

As has been established in the previous Chapter, a detailed understanding of
socio-economic development needs is one necessary element for enabling an en-
vironmentally sustainable and socially meaningful development by the energy
planning process as stipulated under Hypothesis 2.

A second element is the understanding of available renewable energy resources
as well as technological conversion options. In this Chapter, an inventory of
potential urban renewable energy resources will be established by means of the
emerging method of MFA. A case study will be developed based on a single
type of renewable energy resources, viz. wood-based materials (including paper),
within the boundaries of the Cape Metropolitan Area (CMA). The reasons are

as follows:

e According to CCT (2003), it has not yet been identified what the poten-
tial of energy generated from wood and paper is in the CMA, and how
this potentially new energy source can improve the sustainability of energy

provision in the focused area.
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e Wood and paper materials are significant contributors to the waste disposal
problematic of the CMA.

e The wood and paper network is a complex system within the CMA, covering
market dynamics and interactions of first- and third-world type.}

- 7.2 Background and Methodology -

In this Section, the background and methodology utilised for the developement
of the MFA of wood and paper in Cape Town will be presented. The method of
MFA is introduced under Section 2.3.2.3.

Based on an approach taken by Hashimoto & Moriguchi (2003), an inventory
of wood and paper resources, stocks, sinks and material flows shall be produced
for the Cape Metropolitan Area (CMA). The purpose of the wood network system
developed by the author in Figure 7.1 is to give an overview of two main wood
and paper processing chains and the relationships to the respective sources and
sinks, as well as the matching options between the different process modules.

As described by Beck et al. (2004), the wood and paper network system is con-
stituted by three types of modules. The first type of modules (white) represents
sources, the second type (grey) represents sinks, and the third type (hatched)
represents process steps. Two main process chains are being considered:

e the energy conversion chain of wood and paper,
e and the manufacturing & construction chain for wood and paper products.

A functioning wood and paper manufacturing & construction sector exists in
the Cape Metropolitan Area (CMA), including its own infrastructure and market
dynamics. On the other hand, existing and potentially new energy conversion
options will be analysed, including their logistics and own dynamics. Already
here, a range of interactions between both the procéss—chains will be identified,
which will deliver options on rendering the wood and paper network system more
sustainable. '

lsee Section 6.3.3
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Energy Carrier Starting Node Sink l Quantity | Energy Content

Flows (t/a] ([GJ/a]
M5 Wood waste Sawmills Thermal Utilisation Formal 40,000 876,000
M10 Construction wood | Construction Formal Disposal 68,000 1,502,000
M15 Construction wood | Construction Informal Thermal Utilisation Informal 37,000 804,000
M16 Construction wood | Construction Informal Disposal 10,000 222,000
M19 Fuel wood Fuel Wood Traders Formal Thermal Utilisation Formal 43,000 788,000
M23 | Charcoal Charcoal Traders Formal . Thermal Utilisation Formal 12,000 366,000
M26 Fuel wood Fuel Wood Traders Informal | Thermal Utilisation Informal | 105,000 1,921,000
M30 Paper waste Pulp & Paper Manufacturing | Thermal Utilisation Formal 3,000 40,000
M32 Paper waste Paper & Cardboard Use Disposal 139,000 2,227,000
M33 Sewage sludge Wastewater Treatment Thermal Utilisation Formal 1,000 12,000
M34 Sewage sludge Wastewater Treatment Disposal 3,000 55,000
M36 Methane Wastewater Treatment Thermal Utilisation Formal 1,000 53,000
M37 Methane Wastewater Treatment Atmosphere 1,000 42,000
M38 Biomass Parks & Gardens Composting Facilities 8,000 267,000
M39 Biomass Parks & Gardens Disposal 11,000 364,000
Total 482,000 9,539,000
Stocks [t] [GJ]
17 .| Construction wood | Construction Informal Stock Construction Informal 123,000 2,638,000
. Total 123,000 2,638,000
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7.3.1 Structural Wood

A functioning wood manufacturing & construction sector exists in the Cape
Metropolitan Area. Here, wood waste is produced which goes to the landfill
site (ca. 23 kg/c*a), is thermally utilised (ca. 13 kg/c*a), or is sold on second-
hand markets, forming an important interface to the informal settlement wood
market.

- \Nood-for-the-construction-of informal dwellings-(shacks)-stems-from-the-first————

and second-hand market. It emerged from an interview with an informal wood
trader that the price of wood increased over the last couple of years, making other
construction materials more competitive, e.g. metal sheets. Results show that a
considerable amount of wooden material is released into the Cape Town energy
market due to a steady flux of informal dwellings being replaced by brick houses
driven by the national PHP mechanism. According to the City of Cape Town's
Housing Department, ca. 4,000 new informal dwellings are built in Cape Town
each year, whereas ca. 2,000 informal dwellings are being replaced by brick houses
each year. An estimated total amount of ca. 123,000 t of construction wood is
currently being bound in informal dwellings (shacks), as given by Table 7.1. This
fact might become of substantial importance to the City of Cape Town before
the background of planned projects such as the N2 Gateway project, aiming at
replacing up to 20,000 informal dwellings by formal brick houses.

Approx. 3 kg/c*a of construction wood stemming from the informal sector
go to the landfill sites and approx. 12 kg/c*a are utilised thermally.

7.3.2 Fuel Wood

In the informal settlements, wood utilised for energy purposes is mostly collected
at the surrounds of the settlements and represents therefore a cheap energy car-
rier (traditional biomass) (Azorin, 1992). The wood utilisation for household
purposes though decreased over the last couple of years, as wood is being re-
placed by paraffin and electricity for heating and cooking (CCT, 2003). The
main utilisation of fuel wood happens at commercial meat grilling places in the
informal settlements (ca. 35 kg/c*a). This means of fuel wood utilisation is a
main contributor to local air pollution besides exhaust emissions and sand inflow,
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which is substantially higher than in the city centre (Ravenscroft, 2005). Fuel
wood utilisation in the formal sector is estimated at ca. 14 kg/c*a, and charcoal

utilisation at ca. 4 kg/c*a.

7.3.3 Woody Biomass

All wastes from parks & gardens are referred to as woody biomass. As can be
seen in Table 7.1, a total amount of 8,000 t/a (ca. 3 kg/c*a) of wood contained
in woody biomass is composted, whereas 11,000 t/a (ca. 4 kg/c*a) are being
disposed of at local landfill sites (Jeffares & Green, 2004), representing a major

loss of recoverable energy or good compost.

7.3.4 Pulp, Paper and Cardboard

There is an active paper recycling market in Cape Town, but all paper fibre
ultimately degrades and should preferentially be used to replace dirtier, non-
renewable fossil fuels instead of being landfilled (Moberg et al., 2005). This
does, however, not happen. In addition, the recycling market periodically suffers
saturation, which allows paper manufacturers to choose best paper qualities, re-
leasing at the same time huge quantities of paper to the local landfill sites. Waste
streams from recycling (e.g. effluents, sludges, waste paper) are partially ther-
mally utilised at the paper factories (ca. 1 kg/c*a), but a sizable amount of these
waste streams are still disposed of by landfill (ca. 46 kg/c*a). Flow diagrams
regarding the Pulp, Paper and Cardbaord sector are given in Appendix I.

7.3.5 Sewage Sludge

There are twenty wastewater treatment plants in Cape Town, processing ca. 600
Ml1/d of sewage water (CCT, 2001). The total amount of wood-fibre contained in
the sludge from these plants is estimated at ca. 4,000 t/a. The sludge is either
transported to landfill sites or utilised as a fertilizer in agriculture. A total amount
of ca. 2,000 t/a of methane (traced back to wood fibre) is produced in anaerobic
digestion processes, ca. 1,000 t/a being utilised as diesel fuel substitute, and
the remainder being released into the atmosphere. Furthermore, a total amount
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of ca. 2,500 t/a of sewage sludge pellets are being produced, a fraction of it
currently being co-combusted in a cement kiln (Toll, 2005). The potentials of
energy recovery on the sewage plants themselves are high.!

‘7.4 Discussion on Material Flow Analysis

- —As-can-be-seen-in-Table-7-1;-wood-fibre-based-materials-bind-sizable-ameunts-of——

energy which can potentially be utilised for energy recovery. Up to this stage, ma-
terial flows are either disposed of at landfills, thermally utilised with the carbon
then released into the atmosphere, composted, or bound as construction mate-
rial. In all cases, there are substantial potentials for energy recovery. Note that
whilst some material flows are already thermally utilised, the applied conversion
technologies are often not appropriate and of low efficiency, e.g. open wood fires
for food preparation (thermal efficiency ca. 1%), thus offering large potentials for
improved energy recovery. It should also be mentioned that the material streams
listed as flows in Table 7.1 occur on a regular basis, whereas the construction
wood listed under stocks is only available once, though being released over a
longer period of time, in the order of a couple of years.

The estimated energy content of 9.5 PJ/a comes to roughly 70% of the renew-
able energy target if defined more inclusively, or to double the adopted target. It
should be interpreted as the maximum of an order of magnitude estimate. The
amount of available energy for end-users is lower, as this number does not yet
take into account any energy losses occurring in possible energy transformation
& supply systems, or limited availability of wood fibre based material streams
caused by infrastructural constraints. If all available recﬁrring streams could be
converted via standard technology to electricity at a typical efficiency of 25%,
this would still mean that half of the adopted renewable energy target could be
met from wood-fibre based materials. '

Eventually, once the potential energy resources of a defined system are identi-
fied, it is important to be able to use the full potential of existing and especially
emerging sustainable technologies for energy conversion. Therefore, there is an

1see Section 3.4.5.2
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increasing need for tools stimulating the creative development of energy conver-
sion options in order to meet the broad variety of energy needs that emerge in a

city like Cape Town.

7.5 Conclusion

In this Chapter, an innovative approach for the identification of potential renew-
able energy sources within the boundaries of a developing city has been proposed
by means of a MFA. A case study has been developed based on wood-fibre based
material streams in Cape Town.

Data have been gathered and compiled for the formal and informal fuel wood
sector, the formal manufacturing, construction and demolition sector, the infor-
mal construction sector, the pulp and paper market, the municipal solid waste
management sector, as well as the wastewater treatment sector.

Analysis shows that no more than approx. 70% of an inclusively defined
renewable energy target of the City of Cape Town (which aims for 10% of energy
demand covered by renewable energies by 2020) could be met via the redirection
of wood fibre based material flows within the Cape Metropolitan Area (CMA),
and the utilisation of innovative transformation technology.

A novel approach for stimulating the design of technological conversion op-
tions which match renewable energy sources and energy service demand will be
presented in the following Chapter.
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Chapter 8

Creative Web-Based Option

(Generation

8.1 Introduction and Rationale

Over the last decades, the necessity grew for innovative option generation in order
to move away from supply-side driven, electricity based energy planning (see
e.g. Geller, 2003). In order to design a sustainable energy product, the markets
(needs) should be known and drive the product design and selection process, as
it is applied in the field of e.g. Chemical Product Design (Cussler & Moggridge,
2001). The procedure for doing so should follow the steps of identifying energy
demands before considering potential supplies, and generating a superstructure
and intermediates linking demands to supplies. The last step is often neglected, as
all possible technological options are seldom known, and/or its crucial importance
is under-estimated. | |

As has been shown in Chapter 6 and 7, a profound understanding of energy
service demand has been developed in the context of enérgisation, and the method
of MFA has been applied in order to identify locally available renewable resources.

Up to this point in time, energy planning on the municipal level has happened
both without or with the use of computer-aided energy planning tools. The point
is that neither the manual nor the computer-enhanced approach embed a sys- .
tematic concept for the preliminary screening of possible energy transformation
pathways relevant within a set system, e.g.‘ an urban context, feeding from a
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steadily updated set of possible options, and emphasising renewable and sustain-
able means for meeting energy demand.

The aim of this Chapter is to contribute to the development of an alternative,
richer, more powerful and more appropriate planning process, basically substan-
tiating the initially stated Hypothesis in Section 1.4:

The transferability of existing western energy planning methods,

which are very limiled amongst other things because they have only
recently started to systematically include renewables into their ambit,
will be enhanced by the use of computer-aided synthesis of options,
informed from the emerging field of Combinatorial Process Synthesis,
and embedded in Multiple-Criteria Decision Analysis.

Based on the background information given under Section 2.3.2.4, it has been
found that meta keywords of an URL are of special interest against the backdrop
of this thesis. It is postulated that a semantic link exists between meta keywords
of an URL.

In pursuit of substantiating the above stated Hypothesis, the following twofold
question needs to be answered:

1. Is it possible, based on the interlinked information currently available in
the WWW and a software application using Web 2.0 technology, to create
semantically related keyword chains between two different initial starting

points over one or more iteration steps?

2. Can this approach practically be implemented in the field of renewable en-
ergy planning for Southern urban contexts, by generating stimulants for the
design of innovative conversion pathways stretching from end-user demand
to inner-city energy resource, enabling a signiﬁcarit process of sustainable
energisation?

In order to answer the previously stated questions, an option generation model
will be defined based on the approaches of CPS and data mining. A software
application integrating the newly defined model will be developed. Furthermore,
a series of experiments will be carried out, using the software application, in order
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to validate the model and its application. Results of the validation experiments
will be analysed and interpreted. Subsequently, the outcomes will be discussed,
so that finally, conclusions regarding the efficiency of the chosen approach can be
drawn.

The examples utilised in Sections 8.2 and 8.3 have only an illustrative purpose
in order to explain the developed methodology based on practical cases. These
examples represent by no means original outputs of the proposed model and
software tool, and have been chosen because of their clarity and familiarity to
researchers in the field of biofuel options. In Section 8.4, original results will be
proposed based on a set of experiments; The practical implementation potential
will be discussed at the end of the Section.

8.2 Methodology

A basis for the option generation model is the approach of data mining (see
Section 2.3.2.4). At the core of the option generation model lies a process based
on looped and improved web search queries, delivering option networks (option
trees) similar in structure and connectivity to the ones delivered by a CPS (see
Section 2.3.2.2).

The option generation process is by definition driven by both energy demand
and supply, as it generates option trees starting from both ends of the energy
system, namely energy resource(s) and end-user demand(s). The obtained op-
tion trees are matched where they meet, forming result chains which are ranked
according to a set of calculated parameters. These result chains might be of two
different natures, on the one hand representing logical technological connections
(e.g. input, conversion technology, output), readily implementable in existing en-
ergy systems, or on the other hand representing neural connection strings similar
to the ones delivered by the process of brain storming as defined in the concepts
of e.g. MindMapping (Buzan, 1991), enabling creative thinking processes outside
predefined system patterns. .

The model realised as a software tool incorporates proved State-of-the-Art
technology from the field of web search, such as Google’s flagship search service
(so-called second generation or Web 2.0 applications (O'Reilly, 2005)). The web is
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considered as a platform, providing a large, accessible and regularly updated and
extended collection of data, counting approx. 8 billion websites of information at
the point of writing (Vise, 2005).

The results of the software tool are delivered in a format suitable for both

manual or computer-aided energy system analysis and optimisation, as they are

In the following Section, a more detailed methodological description of the
steps of option tree generation, option tree matching, and result processing and

display will be given.

8.2.1 Option Tree Generation

8.2.1.1 Generation Model

As given by Figure 8.1, the first task in the option tree generation model consists
in triggering a web search based on an initial search query (e.g. end-user energy
demand). Out of the generated list of results, a number of websites are selected.
For each of the selected websites, a number of keywords is retrieved from the
website’s keyword list. The process described up to here is referred to as being
one iteration level. For each keyword obtained in the first iteration level, a new
website search is triggered, and a number of parallel processes consisting out
of website selection and keyword retrieval is started as described for the first
iteration level. The totality of these subsequent steps is being referred to as the

second iteration level. This loop can theoretically be carried on infinitely.

Based on a theoretical example!, it is demonstrated in Figure 8.2 how the

results of an option tree generation exercise are displayed.

IThis example does not represent an original output of the proposed model and software
tool
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Figure 8.1: Generation of Option Trees
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| Transport |

| Ca’,rs ] | People |

[1c Engin< Boeine [ School ] Holiday |
| Diesel | [ Ethanol | | Electricity |

Figure 8.2: Example Option Tree - Transport

8.2.1.2 Parameter settings

Eight parameters! have been defined in order to influence the generation of option
trees, namely the initial search query, the search context, the number of websites,
the number of keywords, the iteration level, the website repetition, the keyword
repetition, and the keyword quotation. In the following, these parameters will be
described.

The parameter ‘Initial Search Query’ describes the first search query when
the generation of a new option tree is launched. The parameter can take two
different values, either ‘simple’ or ‘specific’. In the former case, the initial search
query is equal to the research area, and is entered as such, e.g. ‘Cooking’. In the
latter case, the initial search query is made of the research area, combined with
a number of more specific and related search terms, taking into account Google’s
specific query terms (Google, 2006a).

The parameter ‘Search Context’ is a constant value that is added to the search
query for each new search during the generation of an option tree. Similar to the
previous parameter, the parameter ‘Search Context’ can take two different values,
either ‘simple’ or ‘specific’. In the former case, the parameter consists of a single
keyword, e.g. ‘energy’. In the latter case, a more complex context is formulated,
focusing the search on more specific research fields.

1The option generation procedure was extended to the parameters ‘Language’ and ‘Country’
for the verification phase (see Section 8.4.1.4), allowing the user to restrict his option tree
generation geographically.

234



8.2 Methodology

Note that the maximum number of research terms when combining the initial
search query to the search context may not be longer than 10 (or 2048 bytes), as
this is one of the limitations of the Google SOAP Search Application Program-
ming Interface (API) at the point of writing (see Google, 2006a). A complete list
of specific search queries and search contexts can be found in Appendix O.

The parameter ‘Nr of Websites’ describes the maximum number of websites
considered for each Google search, represented by value = in Figure 8.1. The
maximum number of websites delivered by the Google API per search query is
currently limited to 10 by the service provider. In experimentation (described
later), three different possible values were used for this parameter, namely 1, 5,
and 10, covering one median as well as two extreme values.

The parameter ‘Nr of Keywords’, represented by value y in Figure 8.1, de-
scribes the maximum number of keywords to be retrieved from a website delivered
by the search engine. Three different possible values were used in experimenta-
tion, namely 1, 15, and 25, to be representative for one intermediate and two
extreme values.

The parameter ‘Iteration Level’, represented by value z in Figure 8.1, sets the
maximum number of iterations for the generation of an option tree. An iteration
level is considered to be the totality of search queries starting with the keywords
delivered by the previous totality of search queries. The first iteration level is
the totality of search queries using the value of the parameter ‘Initial Search
Query’. The highest possible iteration level is 5, as the application is at this
stage programmatically limited to this value.

The parameter ‘Website repetition’ is a boolean value, allowing it or not for
a website to be repeated within one option tree. In case the parameter value
‘Website repetition’ has been set to false, already existing websites are skipped,
and the next website is being retrieved until the user defined maximum value of
websites has been achieved, unless the provider maximum of 10 is being crossed.

The parameter ‘Keyword repetition’ is a boolean value, allowing it or not for
a keyword to be repeated within one option tree. In case the parameter value
‘Keyword repetition’ has been set to false, already existing keywords are skipped,
and the next keyword is being retrieved until the user defined maximum value
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of keywords has been achieved, unless the number of keywords on the specific
website is not sufficient.

The parameter ‘Keywords in quotes’ is a boolean value, setting or not the
keyword(s) of a new search query in quotes, which is of importance regarding the
Google query syntax; two separate keywords without quotes are considered as two
individual search terms, whereas two keywords in quotes are being considered as

8.2.2 Matching of Option Trees

As demonstrated by the theoretical example! in Figure 8.3, at least two option
trees need to be compared in order to tackle the initially stated problem. The first
option tree on top has an end-user energy demand as starting point (‘Transport’);
the second option tree at the bottom has an energy supply (resource) as starting
point (‘Biomass’).

The process of matching both the trees has the purpose to obtain result chains
of keywords leading from energy demand to energy supply. A match corresponds
to two identical keywords in the top and the bottom tree. As can be seen in
Figure 8.3, identical matches are the keywords ‘Diesel’, ‘Syngas’, ‘Ethanol’ and
‘Electricity’. By matching up the keywords with their respective keyword chain
chunks leading up to the initial keyword of each tree, one obtains the following
result chains:

1. Transport — Cars — IC Engine — Diesel — FTS — Syngas — Wood — Biomass
2. Transport — Cars — IC Engine — Ethanol — Sugar Cane — Biomass
3. Transport — Cars — IC Engine — Syngas — Wood — Biomass

4. Transport — Cars — Electric Engine — Electricity — Gas Turbine — Syngas — Wood

— Biomass

1This example does not represent an original output of the proposed model and software
tool
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Figure 8.3: Example Option Tree Matching - Transport/Biomass

237



8. CREATIVE WEB-BASED OPTION GENERATION

8.2.3 Processing and Display of Results

One of the main challenges of the creative option generation application is to
provide the user with a set of valuable information that he can easily integrate
into his multiple-criteria decision problem. In order to achieve this goal, the
data that has been retrieved during the option tree generation phase (see Section
8.2.1), and matched during the option tree matching phase (see Section 8.2.2),

" needs to be processed-insuch & way-thatthe most relevant-datais-screenedout— ——-

This is achieved in three distinct steps. Firstly, as set of parameters needs to be
calculated for each result chain, so that a qualitative information regarding the
data is obtained. Secondly, the result chains must be ranked according to their
quality, integrating a set of weighting values defined according to user-specific
priorities. Thirdly, the ranked result chains must be provided to the user in
an accessible and understandable manner. This is achieved via the display of a
selection of highest ranking result chains in a tabular and graphical form. These
three steps will be discussed in detail in the following Sections.

8.2.3.1 Parameter Definition

A set of four parameters has been defined in order to rank the result chains
created during the option tree matching phase. The parameters are chain length,
keyword importance, website importance, and pattern similarity. In this Section,
these four parameters will be explained in terms of significance and calculation.

In Table 8.1, a theoretical example has been developed, which will be utilised
for the calculation of the defined parameters based on the proposed equations.
The example given in Table 8.1 does not represent an original output of the
proposed model and software tool.

The parameter ‘Chain Length’ represents the number of keywords within a
result chain. It is hypothesised that the longer the result chain, the higher the
chances to obtain a meaningful connection between the keywords of the result
chain. The value for parameter ‘Chain Length’ (CL) is calculated according to
the following formula:

CL,' = l(Cﬂ,,‘) + (l(Ctg,,') - 1) (81)
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Where I(Cy, ;) is the number of keywords in the part of the result chain stem-
ming from the first combination of option trees (energy demand), and [(Cy, ;) the
number of keywords in the part of the result chain stemming from the second
combination of option trees (energy supply). [(Cyz;) is subtracted by 1 in order
to avoid double accounting for the matching keyword.

As given by the example in Table 8.1, the value for parameter CL is calculated
based on the values given in the column ‘Position’, which gives the value 5 for
I(Cu ), and 4 for I(Ciz; — 1). Their sum thus amounts to 9.

Tree Combo Position Keyword # Website # Type Pattern Pos

Wood t2 1 25 48 EC 1
!
Gasification t2 2 11 8 TT 2
!
Syngas t2 3 33 3 EC 3
!
FTS t2 4 65 22 TT 4
!
Liquid fuel £2/t1 5 11/13 2/1 EC 5
l .
President t1 6 17 18 - 0
!
IC Engine tl 7 17 16 TT 1
! ,
Mechanical Energy t1 8 38 34 EC 2
!
Transport tl 9 6 2 TT 3

Table 8.1: Example Parameter Calculation

The parameter ‘Keyword Importance’ represents the number of repetitions of
a specific keyword within the totality of keywords of the considered option trees.
It is hypothesised that the higher the number of repetitions of a keyword, the
higher its importance - and thus significance - in a specific search context.

The value for parameter ‘Keyword Importance’ (KI) is calculated according

to the follbwing formula:
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j=0 j=0

1(Cu1,4) 1(Chta,i)
KI,' = I:( Z n(k,-,-,tl)) —l(Ctl,.'):| + I:( Z n(kij,t2)> - l(ot2,i):| (82)

The formula for calculating the parameter KI for result chain ¢ basically
consists of two terms, corresponding to the part of the result chain stemming from

—————the-first-combination-of optien-trees-{energy-demand);-and-the-part-of-the-result— — —

chain stemming from the second combination of option trees (energy supply). In
the left term of the formula, the number of occurrences n of each keyword k;; in
the first combination of option trees t1 is summed up over j, eventually being
subtracted by the number of keywords in the chain [(C}; ;) in order to restrict the
accounting to the recurring keywords only. In the right hand term, calculations
are identical to the calculations in the left hand term, using this time values from
the second combination of option trees ¢2.

As given by Table 8.1, the value for parameter K is calculated based on the
values given in the column ‘Keyword #’, which gives for the first term (25+ 11+
33+65+11) — 5 = 140, and for the second term (13+ 17417+ 38+6) —5 = 86,
which gives a total value KI; = 226.

In analogy to the parameter ‘Keyword Importance’, the parameter ‘Website
Importance’ represents the number of repetitions of a specific URL within the to-
tality of URLSs of the considered option trees. It is hypothesised that the higher
the number of repetitions of an URL, the higher its importance - and thus sig-
nificance - in a specific search context.

The value for parameter ‘Website Importance’ (W) is calculated according
to the following formula:

KCt1,) U(Ct2,4)
WI,; = l:( Z n(w,-,-,tl)) - l(Ctl,;)] + l:( Z n(wij,t2)> - l(Ctg,,;):| (83)

The formula for calculating the parameter W1 is similar to the formula used
for calculating the parameter KI (see equation 8.2), except that the number of
occurrences n of each website w;; is summed up over j.
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As given by the example in Table 8.1, the value for parameter W1 is calculated
based on the values given in the column ‘Website #’, which gives for the first term
(48+4-8+4-3+22+2)—5 = 78, and for the second term (1+18+16+34+2)—5 = 66,
which gives a total value WI; = 144.

The parameter ‘Pattern Similarity’ represents the similarity of a result chain
to an ideal pattern of keywords of alternating types ‘Energy Carrier’ (EC) and
‘Transformation Technology’ (TT) (EC-TT-EC-TT-EC-TT-etc.). The background
is that in reality, an energy conversion pathway from resource to end-user demand
consists of this two alternating elements. It is hypothesised that the closer the
result chain to that ideal pattern, the higher its importance and significance in
the specific search context.

The value for parameter ‘Pattern Similarity’ (PS) is calculated according to

the following formula:

S ((CRCAED) »

CL;

This parameter has been developed in order to express quantitatively how
close the pattern of keyword types of a result chain 7 is to an ideal pattern of
keyword types, consisting of an infinite alternation of energy carriers and trans-
formation technologies. In order to do so, the length [ of each pattern fragment
p; must be identified within the result chain <. This term is multiplied by a term
allocating a weight to a pattern fragment p; according to its position j in the
list of pattern fragments sorted by length. This term is calculated by subtracting
the position j of a pattern fragment from the total chain length CL; added by 1.
This result is normalised by dividing it by total chain length CL;.

As given by the example in Table 8.1, the type of each keyword has been given
by column ‘Keyword Type’, ‘EC’ standing for ‘Energy Carrier’, ‘T'T’ standing for
‘Transformation Technology’, and ‘-’ standing for none of the previous two. The
two chain chunks are now considered as a whole, eliminating one entry for the
matching keyword ‘liquid fuel’, giving a total length CL; = 9. Two pattern
fragments can be identified (j = 2), the first one starting at position 1, being 5
positions long (I(p1) = 5), and the second pattern starting at position 7, being
3 positions long (I{(p;) = 3). Furthermore, the first fragment is also the longest
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pattern fragment, positioning it at number 1 before the second pattern fragment.
By replacing these values in equation 8.4, one gets the following calculation:

PS; = 5'((921)"1)+3'((9;1)"2) — 54 267 = 767

Note that the importance of the parameter Pattern Similarity is twofold, as

it firstly accounts for the types of keywords as such, and secondly allocates more
value to result chains the closer they are to an ideal pattern.

8.2.3.2 Ranking of Results

In order to rank the results of a tree matching exercise, one must first calculate
the four parameter values as given in Section 8.2.3.1 for each chain of results.
Thereafter, the parameter values for each chain are weighted according to user
defined settings. The user will define for each parameter its sorting order, as-
cending or descending, and a weight in percentage. The sum of the weights of all
four parameters must be equal to 100%.
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Figure 8.4: Absolute Parameter Values - R2.1 Top 30

In order to illustrate the calculations made for the ranking of results, an exam-
ple has been chosen based on a random option tree matching exercise performed
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with the proposed model and software tool. This example will only by utilised
throughout this particular section for illustrative purposes, and is not related to
the quality of information work carried out in later Sections of this Chapter.

For the proposed example, it can be seen in Figure 8.4 that the absolute values
for all four parameters are displayed for the top 30 results of the obtained 2,089
ranking results of a random option tree matching exercise.

The absolute values for the parameters ‘Chain Length’ and ‘Pattern Simi-
larity’ are given on the scale of the left y-axis, where as the absolute values for
the parameters ‘Keyword Importance’ and ‘Website Importance’ are given on the
scale of the right y-axis. It can be observed that the order of magnitude for the
values of ‘Keyword Importance’ and ‘Website Importance’, varying between 200
and 900, is a factor 100 bigger than the order of magnitude of ‘Chain Length’
and ‘Pattern Similarity’, varying between 2 and 6.
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Figure 8.5: Absolute Parameter Ranking - R2.1 Top 30

In order to make the values for the different parameters comparable, two
steps are necessary, namely an absolute and a relative ranking of the parameter
values for each result chain. As can be observed in Figure 8.5, the absolute
rank for each parameter of a result chain is calculated relatively to the values
for the same parameter for the other result chains. For instance for result chain
number 950, the absolute rank for ‘Chain Length’ and ‘Pattern Similarity’ is 1,
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whereas the absolute rank for ‘Keyword Importance’ and ‘Website Importance’
is 32 and 81 respectively. This means that e.g. the value for parameter ‘Website
Importance’ has been ranked on position 81 when compared to the values for
parameter ‘Website Importance’ from the other result chains. It must be noted
that the number of ranking positions for each parameter can differ, as it is possible
that several result chains were allocated the same value for one parameter. It is

therefore necessary to perform a relative ranking for each parameter accordingto

the following formula:
Di,abs,max — Di,abs (85)
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Figure 8.6: Relative Parameter Ranking - R2.1 Top 30

Di,abs,maz 1S the maximum absolute ranking position for the specific parameter
for result chain 7, and p; ., is the ranking position for a specific parameter for
result chain 1.

As can be seen in Figure 8.6, the relative rankings for the top 30 results
of a matching exercise have been displayed. For instance, absolute position 1
harnessed 100%, whereas the lower the position, the lower the percentage value.
In the case of result number 950, the value for the relative position of parameter
" ‘Keyword Importance’ has been calculated based on its absolute position (32),
and the lowest position for parameter ‘Keyword Importance’ for all the result
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8.5 Discussion

An issue affecting the quality of delivered results is the amount of data in
the comparison tables, enabling the definition of keyword types. Although the
data provided by external applications such as LEAP form a good basis for the
definition of keyword types, it has been identified that the self-learning process by
manually defining keyword types in the option trees is of paramount importance.
For the running of the exploratory experiments, no systematic manual definition
of keyword types was attempted. The time necessary for screening the amount
of data contained in the twenty experiments would have extended substantially
beyond the time frame set for this thesis. However, a systematic manual sorting
of keywords according to type was carried-out for the four experiments of the

verification phase.

8.5.3 Outlook and Recommendations

From a model perspective, one could consider to choose another approach regard-
ing the connectivity between keywords in result chains. An option would be to
retrieve keywords from websites that are connected via hyperlinks, an approach
similar to the one used in the PageRank! algorithm. In this case, an iteration
step would no longer consist in retrieving a list of keywords from a set of websites
obtained by triggering a set of web searches based on a list of previously obtained
keywords. An iteration step would then consist in retrieving a list keywords from
a set websites that are back-linked to the websites from which stems a list of
previously obtained keywords.

For the purpose of performance enhancement of the option generation applica-
tion, issues respectively affecting the search engine, internet access, and database

transactions are considered.

1The heart of the Google software is PageRank, a system for ranking web pages developed
by Google founders Larry Page and Sergey Brin at Stanford University. The Google website
desrcibes the algorithm as follows (Google, 2006b): “In essence, Google interprets a link from
page A to page B as a vote, by page A, for page B. But, Google looks at more than the sheer
volume of votes, or links a page receives; it also analyzes the page that casts the vote. Votes
cast by pages that are themselves important weigh more heavily and help to make other pages

important.”
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From the point of view of the search engine provider, it would help to enhance
the application performance to get a full version of the Google SOAP search
API without restrictions. One might also consider other search engine providers
such as Yahoo (Yahoo, 2006), and test their search engine APIs regarding their
performance. Moreover, it would be useful to approach such a company for the
commercialisation of the tool, as at this point in time, the license agreement

— .. allows the usage of the Google API search engine exclusively for non-commercial

purposes. Furthermore, it would be very interesting to observe the application
performance if one had access to Google’s full computational capacity.

A fast internet access via a broadband service provider would accelerate the
option tree generation procedure meaningfully.

A further step regarding the enhancement of time of data retrieval would
be the setup of a parallel computer structure, enabling the simultaneous data
retrieval via a computer cluster. Furthermore, such a cluster could also be used
to split up the time consuming procedures of option tree matching and results
processing (see Openshaw & Turton, 2000 and El-Rewini & Abd-El-Barr, 2005).

By migrating from an MS Office Access 2003 database to a more performing
open-source MySQL! database solution, or an industrial scale IBM DB22, IBM In-
formix® or Oracle? database solution, database transactions could be accelerated.
The choice of the database technology for the future large scale realisation of the
application is of paramount importance, as the application is database intensive,
and database transactions have been identified as a performance bottleneck.

Furthermore, it could be envisaged to convert the programming code from
MS Visual Basic .NET to C++ or C# in order to accelerate the application code
as such. Note that the performance enhancement here is believed to be not that
important, as the application is not process intensive compared to its database
activity.

Regarding the quality of the obtained results, one could consider the devel-
opment of a number of additional parameters used for the ranking of results. By

lhttp: //www.mysql.com

2http: //www-306.ibm.com/software/data/db2/
3http://www-306.ibm.com/software/data/informix/
4http://www.oracle.com/database/index.html
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obtaining the PageRank value for the websites of a result chain, one could cal-
culate an average PageRank value for the chain, delivering a value that could be
included in the ranking procedure. Furthermore, more weight could be given to
result chains containing renewable energy solutions by introducing an additional
keyword type reflecting the keyword’s renewable nature. A parameter reflecting
the degree of renewability of a result chain could be calculated and integrated to
the ranking process as well.

A broader set of comparative data for the definition of keyword types would
enhance the quality of delivered results. This goal could be achieved by making
the application available to a broad user base, e.g. via the means of a web-based
application, using one central database. This database could then be updated by
the entire user community. The realisation of this database as a wiki!, similar to
the free encyclopedia Wikipedia?, could be a technological option.

The release of a smaller version of the application is also imaginable, where
the user has access to a database containing already generated option trees for a
variety of energy demands and supplies. The user could run matching and ranking
exercises based on the existing data, giving him the opportunity to quickly come
up with a set of possible options, without having to perform the time-consuming
generation of option trees.

At this point in time, the option generation applications draws its data en-
tirely from the WWW. In order to improve the quality of delivered results, one
could consider to use additional scientific digital libraries such as ScienceDirect?.
Migration to these kind of databases should be relatively easy, as they also use
indexing systems based on keywords enabling their users to search their contents

amongst other things by topic.

1A wiki is a type of Web site that allows the visitors themselves to easily add, remove, and
otherwise edit and change some available content, sometimes without the need for registration.
This ease of interaction and operation makes a wiki an effective tool for collaborative authoring
(Wikipedia, 2006e).

2According to Wikipedia (2006f), Wikipedia has rapidly grown into the largest reference
Web site on the Internet since its creation in 2001. The content of Wikipedia is free, and is

written collaboratively by people from all around the world.
33cienceDirect offers more than a quarter of the world’s scientific, medical and technical

information online, including 2,000 peer-reviewed journals, and hundreds of book series, hand-
books and reference works (Elsevier, 2006)
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Eventually, it should be noted that the developed model could also be applied
to other fields where similar problem statements can be found, e.g. product
design, where a variety of input materials and production processes could be
deployed for the creation of a single final product, or waste management, where
a waste product could be reused as input material for a variety of processes for
producing a series of new products.

8.6 Conclusion

In this Chapter, an option generation model has been defined based on the ap-
proaches of CPS and data mining. The model was structured into three sections,
namely the option tree generation, the matching of obtained option trees, and
the processing and displa.yl of obtained results.

Option trees are generated based on a previously defined set of parameters,
mainly influencing the number of URLSs, keywords and iteration steps utilised for
the retrieval of information from the WWW via a search engine service.

The matching of option trees consists in comparing the keywords of two or
more previously generated option trees, forming keyword chains were the option
trees match.

During the processing and display of results, four different values are calcu-
lated for each keyword chain, enabling to sort them according to their importance.
Finally, a concise option network is displayed, containing all necessary informa-
tion.

Based on the previously defined model, a software application was developed.
The application has been built around a three-tier architecture, consisting of a
data tier, a logic tier, and a presentation tier.

The data tier consists of a database and contains 17 tables. The logic tier
includes all logical data processing procedures, and has been structured according
to the underlying model into the option tree generation procedure, the option
tree matching procedure, and the result processing and display procedure. The
programming language of the application is MS Visual Basic (VB) .NET, and
the database is a MS Access 2003 application.
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Subsequently, the defined model and the developed application have been
validated during a exploratory experimentation and a verification phase.

For the exploratory experimentation and the verification phase, two series of
experiments were developed before the background of sustainable energy plan-
ning.” For the exploratory experimentation phase, the series of experiments has
been developed around the renewable energy resources identified in Chapter 7,
and household energy demands for low-income households in Khayelitsha, a town-
ship of Cape Town (see Section 3.4.5.2). Twenty different experiments were de-
signed, varying in search topic and parameter settings. After having run the
experiments, the results were analysed and interpreted. Thereupon, the applica-
tion was modified and extended, and parameters were adjusted and fine-tuned.

For the verification phase, an independent series of experiments was developed
around energy service needs and resource availability in an urban context that had
not yet been investigated in the framework of this thesis, i.e. transportation and
organic waste. Four experiments were carried out using an optimised application
and a refined set of parameters. In a subsequent analysis and interpretation of
obtained results, it was verified by the calculation and comparison of technical
scores that the quality of the information contained in the option networks for the
verification phase is highér than the one contained in the option networks of the
exploratory experimentation phase. Furthermore, it was verified that practically
sensible information for stimulating the design of renewable energy conversion
pathways can potentially be retrieved from the results obtained for one option
network generated during the verification phase.

A final discussion was performed around principle outcomes, a weak spot
analysis, as well as an outlook and recommendations. The insights won during
the exploratory experimentation and validation phase showed that the generation
of option networks must happen based on a specifically defined search topic, a
calibrated set of parameters, a vigorous manual categorisation process of keyword
types, and a subsequent filtering of obtained results. By doing so, it is possible to
create semantically related keyword chains between two different starting points
over one or more iteration steps, concisely represented in an option network.

In line with Hypothesis 3, it was furthermore suggested that the results de-
livered by the software application can be used for the development of renew-
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able energy supply options, and can thus assist Southern energy planners in the
MCDM process for the sustainable energisation of the urban poor.

The weak spot analysis revealed that a restricted access to input data is a
cause for decreased result quality. Furthermore, two performance bottlenecks in
terms of processing speed were identified for the application, namely WWW and
database transactions.

In order to tackle the identified weak spots, it was recommended to con-

sider another approach regarding the semantic connectivity of information of the
WWW. Furthermore, an altered web search engine - either a full version or an-
other provider -, and a faster internet access (broadband) would help to mine
larger amounts of data in a shorter period of time. Finally, the migration to a
more performing database solution would increase the speed of database trans-
actions.
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Chapter 9

Conclusion and Outlook

9.1 Conclusion

It was the goal of this dissertation i) to develop insights into the renewable energy
planning approaches of cities in the developed and the developing world, and ii) to
develop and demonstrate novel approaches for assisting renewable energy planners
in cities of the global South. Lead by a methodology split into three work phases
and seven modules (corresponding to Chapters 2-8), the goal of this dissertation
was tackled by substantiating a threefold Hypothesis.

Preliminarily, it was stipulated that energy planning approaches of the North
are only transferable to some extent to Southern cities, as they do not implicitly
consider typical features of fast-growing cities, only recently started to consider
renewable energy alternatives, and are heavily focused on supply-side options.

In Chapter 2, an overview was presented regarding the scientific background,
the theoretical basis, and the methods applied for the research undertaken in
this dissertation. By providing the background on urban energy planning, the
previously stipulated statement was illustrated by means of a short history of
energy planning, and a critique of existing energy planning approaches and con-
cepts. It was questioned to which extent existing energy planning approaches are
transferable to cities of the South, as they were developed based on insights won
from experiences in Northern cities over the last three decades, with a strong
environmental element. By following-up on this preliminary statement, it was
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firstly hypothesised that the municipal energy planning process in devel-
oping cities can have a greater impact on socio-political aspects than
in Northern cities, if certain capacities are available or very clear con-
sequences of energy decisions or inactions are given.

A comparative analysis of two case studies regarding a city in the South (Cape
Town - Chapter 3) and a city in the North (Aachen - Chapter 4) was carried-out

in Chapter 5. The development of hoth case studies is based on original reseaxch
work and interviews. The reason for selecting the case of Cape Town was its
position as the leading city regarding sustainable energy planning in Africa. On
the other hand, the case of Aachen was selected because of its impressive history
regarding renewable energy planning and implementation.

For both cities, the national, historical and geo-political backgrounds were
presented and compared. The renewable energy planning process in Aachen was
illustrated by means of the planning process of a 30MW wood gasification plant.
For Cape Town, four different sustainable energy projects were presented.

Results showed that renewable energy planning emerged in Aachen driven
by environmental concern. In turn, Cape Town is preoccupied with energy
related challenges tightly linked to socio-economic development issues, but, to
some extent, cognisant of global climate change consequences of business-as-usual.
Aachen’s planning process was qualified as implementation-oriented and efficient,
as well as policy driven and rather rigid, especially regarding the cooperation with
its private partner. Cape Town’s planning process was qualified as strategic and
less efficient, i.a. due to lacking human and financial resources, but also impro-
vised and flexible, especially in cooperation with project partners. The insights
won helped to substantiate Hypothesis 1.

After having identified the similarities and differences in the urban renewable
energy planning approaches of the two case studies, it was aimed in the next
phase to develop and demonstrate new approaches for improving the Southern
renewable energy planning process. It was stipulated in a second Hypothesis that
by developing a detailed understanding of energy needs, and coupling
these to a set of renewable energy options, a meaningful process of

social upliftment and economic development is enabled.
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9.1 Conclusion

In Chapter 6, the emerging concept of energisation was investigated by means
of an extensive literature review. Furthermore, the application of the concept of
energisation was analysed for three practical South African examples, i.a. through
original research work regarding a wood fueled local economy in Khayelitsha,
Cape Town’s largest township. Based on insights won, a new definition of an
extended concept of Sustainable Energisation was proposed.

Thereupon, an economic model was presented for a reframed concept of Sus-
tainable Energisation. Based on the theory of urban ecosystems, a special em-
phasis was laid on the so-called first and second economy in urban contexts in
developing countries. In the next step, within a framework of Multiple-Criteria
Decision Making (MCDM), a checklist for the drafting of technical energy supply
systems was developed, with the aim of implementing the elements of Sustainable
Energisation at each tier of the energy supply chain.

After having developed a deep understanding of energy service demand in
cities of the South, it was furthermore aimed at investigating means for the iden-
tification of potential urban renewable energy sources. Therefore, the method
of MFA was applied to the case of wood-fibre based material in Cape Town in
Chapter 7. ‘

As no comprehensive and centralised collection of data on wood fibre based
materials in Cape Town existed at the point of writing, data were drawn from
existing publications, public databases, telephonic interviews and site visits at
companies for the formal sector of Cape Town. Interviews were conducted on site
in informal settlements in Cape Town in order to collect data for the informal
wood-using sectors. The data collection was conducted over a period of two years.

By focusing on specific biomass streams, it was found that the city possesses a
wealth of renewable energy resources within its boundaries, coupled to important
linkages between formal and informal activities. It was established that approx.
70% of an inclusively defined renewable energy target of the City of Cape Town
could be met via the redirection of wood fibre based material flows within the
Cape Metropolitan Area (CMA), and the utilisation of innovative transformation
technology. By assisting in the identification of renewable resources for the case
of Cape Town, it was demonstrated that the method of MFA is a valuable element
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in enabling a process of social upliftment and economic development as stipulated
in Hypothesis 2.

In the last step, it was claimed that a prerequisite for matching energy needs
and renewable energy sources in the most sustainable way is the knowledge of
the diversity of possible energy supply options. It was argued that energy plan-
ners typically fall back on a poor short list of renewable conversion options

e that reads:“wind, solar, biomass, hydro”. It was thus stipulated in Hypoth-
esis 3 that the efficient coupling of energy needs with renewable en-
ergy options will benefit from the use of computer-aided synthesis of
options, informed from the emerging fields of Combinatorial Process
Synthesis (CPS), Data Mining, and the Use of Search Engines.

In Chapter 8, it was demonstrated by means of a model and a software tool
that semantically linked keyword chains can be generated based on two distinct
starting points, and that this property can potentially be used for the design of
novel renewable energy project ideas on a local scale. '

The proposed model for creative option generation is structured into the gener-
ation of option trees, the matching of option trees, and the processing and display
of results. Based on the model, a three-tier software application was developed in
MS Visual Basic .NET using an MS Access database, including state-of-the-art
web search engine technology (Google Web API).

Based on the wood-fibre based material flows identified for Cape Town in
Chapter 7, a series of experiments was designed in order to prove the proposed
concept in the exploratory experimentation phase. Next, parameters were cali-
brated according to insights won during the previous phase. Subsequently, the
model and the software tool were tested in the verification phase by means of an
independent series of experiments against a technical and a practically sensible
goal.

Results showed that from a technical perspective, a higher quality of informa-
tion was obtain for the verification phase than the exploratory experimentation
phase. At least one practically sensible renewable energy conversion pathway
has been generated in the verification phase. In line with Hypothesis 3, it was
suggested that the results obtained can be used for the development of renew-
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able energy supply options, and can thus assist Southern energy planners in the
MCDM process for the sustainable energisation of the urban poor.

Summarily, it can be stated that by carrying out a comparative analysis of two
case studies, insights were won regarding the similarities and differences between
renewable energy planning approaches in cities of the South and the North, espe-
cially in terms of the importance allocated to socio-economic development needs
(Hypothesis 1). Subsequently, an understanding of energy service needs was de-
veloped by investigating and reframing the concept of energisation, and it was
demonstrated by means of a case study that the method of MFA is a valuable
tool for the identification of renewable urban energy resources (Hypothesis 2).
Finally, it was established by developing a model and a software tool that the
coupling of energy needs to a set of renewable energy options in order to enable
a process of social upliftment and economic development (see Hypothesis 2) can
be informed from the field of Information Technology (IT) (Hypothesis 3).

This dissertation has thus developed deep insights into the field of urban re-
newable energy planning, and delivered a number of novel approaches which could
contribute in their way towards shaping our cities for sustainable development.
It is with great optimism that I look into the future, ready to take the challenges

that stand ahead of us.

9.2 Outlook

This dissertation has married within its ambit several approaches and methods
stemming from different research fields, i.a. enérgy planning, renewable energy
technology, chemical engineering, systems analysis, and information technology,
as well as elements from the fields of economics and politics.

Due to its broad spectrum, room for further research has been identified at
different levels within this dissertation.

For the case of Cape Town, it would be of interest to follow-up on the develop-
ment of South Africa’s EDI, as well as the new role of Cape Town and other local
governments in this changing environment. As the restructuring of the EDI is an
ongoing process, it is possible to creatively intervene in the shaping of this new
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landscape from a local government perspective, assisted by academia, especially
regarding a more supportive structure for sustainable energy projects.

Four different sustainable energy projects have been investigated for the case
of Cape Town.! They all include different planning and cooperation approaches,
and can serve as templates for the creative development and implementation of
further sustainable energy projects within Cape Town, as well as other cities

- —in-South-Africa-and-the-developing world.—Especially-the Kuyasa project-has

successfully demonstrated that social and environmental issues can be married;
in the same line, projects should be identified that link renewable energy options
with Sustainable Energisation in urban contexts.

A starting point for the systematic screening of possible projects could be
the MFA of wood-fibre based materials in Chapter 7. The latter has also shown
that an understanding of renewable energy sources within a city is critical for
creating a good basis for future planning. Further research could be undertaken
in identifying the amount of renewable energy used within Cape Town - beyond
wind-based electricity generated at the Darling Wind Farm -, using the methods
of data collection presented, and giving an estimate on how much of Cape Town'’s
renewable energy target has already been achieved. Furthermore, it should be
sought out whether future research, especially in Khayelitsha, could be coordi-
nated with ambitions of City departments such as the Air Pollution Control Unit
regarding the reduction of local air emissions.

For the case of Aachen, it would be necessary to follow-up on the development
of the implementation phase of the presented wood gasification plant. Against
the LA21-partnership between Aachen and Cape Town, potential cooperations
in both directions regarding the renewable energy sector could be investigated,
focusing on differences in planning and implementation approaches, and cou-
pling Aachen’s expertise in high-tech renewable energy technology and financing
models to socio-economic development issues of special relevance in Cape Town’s
context.> Such cooperations could lead to novel approaches in energy planning

!see Section 3.4.5.2 ‘
2See also Section 5.5 for insights and recommendations emerging from the comparison of

both case studies.
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for urban contexts in the developing world. Research that could be mutually co-
ordinated between both cities is the identification of Renewable Energy options
for fuel substitution in their respective industrial sectors, as well as the systematic
integration of the waste management sector into the renewable energy planning
process.

It has been shown that there is a shortage of financial support and technical
skills for the planning and implementation of renewable energy projects in Cape
Town.! It should be investigated whether Public-Private Partnerships (PPPs)
could provide novel business models in terms of financial support from the public
sector, and skills from the private sector. Furthermore, it should be clarified
whether such an approach would undermine job opportunities in the public sector.

With regards to Southern cities, an investigation of the institutional structures
and budgeting procedures at national, provincial and local levels regarding socio-
economic and energy issues could reveal insights on the way these are addressed,
either separately or concurrently. As it is argued that the former is typically
the case, the institutional barriers for the market penetration of renewable ener-
gies could be investigated. Moreover, the institutional instruments necessary for
enabling a meaningful process of Sustainable Eriergisation could be identified.

Against the backdrop that Aachen moved away from strategic planning, it
should be investigated which type of strategies and guidelines are necessary for
steering the renewable energy planning process in a Southern city like Cape Town.
Moreover, Cape Town has set itself a series of bold sustainability goals (see Section
3.4.1). Questions that need to be answered are as follows:

e Are Cape Town’s goals defined properly, and what is their purpose?
e Are they challenging whilst remaining achievable?
e What tools are needed for implementing them efficiently?

e Is there something that can be learned from Germany and Europe regarding
the way they defined their renewable energy targets?

1gee Section 3.4.5.1
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Furthermore, it could be investigated to which extent the concept of Sustain-
able Energisation can be integrated into the implementation of these sustainabil-
ity goals.

It was found that the Aachener Modell and the EEG are economically viable in
Germany, because overhead costs are burdened to the entire electricity customer
base!. On the other hand, South Africa introduced a social electricity tariff for
the population in need, as not everyone can afford the current price of electricity.

An interesting question which emanates from these explanations is as follows:
“Is an environmentally sound energy system only viable in a more egalitarian
society?”

Further points that need to be clarified in order to answer this question are
as follows:

¢ Under which conditions would a system like the EEG be viable in South
Africa?

e Is an EEG-type model the way to go for South Africa?

e Would Sustainable Energisation be more viable in South Africa if electricity
was more/less expensive?

These issues lead to a more general question: “Does the developing world
need a Northern type environmental movement, or does it already melt social and
environmental aspects in a new paradigm?”

A first step would be to further investigate the concept of Sustainable Ener-
gisation?. The identification of primary and secondary energy needs by means of
case studies would be a good starting point. Secondly, the relationships between
the elements in the economic model presented in Section 6.5 should be quantified
by means of case studies, and the checklist for Sustainable Energisation should be
applied practically to ongoing processes of urban renewable energy planning in
order to substantiate its validity (Section 6.6.2.2). Furthermore, parameters for
the quantified measurement of the degree of Sustainable Energisation achieved
should be developed and applied.

1see Section 4.3.3
2A number of recommendations have been formulated in Section 6.6.3
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Under Section 6.6.3, it has been argued that subsidies distort investment. An
interesting research questions is as follows: “What if Germany’s PV-appliances
would have been implemented in a sunnier climate, like the one in South Africa,
and what would have been the implications in terms of the CDM?”

Finally, an extensive list of conceptual and technical recommendations was
given for the developed web-based option generation model and software tool
under Section 8.5.3. The application of the software tool by urban energy plan-
ners in the developing world could give insights as to its practical value. Against
the background of a shortage of technical skills and financial means in the re-
newable energy planning sector in the developing world, the software tool could
be utilised as supplement or alternative to the cost-intensive training of urban

energy planners.
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Appendix A

Questionnaires for Interviews -
City of Cape Town



A. QUESTIONNAIRES FOR INTERVIEWS - CITY OF CAPE
TOWN

Questionnaire for Interview Osman Asmal, Director of Environmental
Management Department, City of Cape Town, 05.04.2004

1. Which projects are currently undertaken between Aachen and Cape Town
against the background of the LA21-partnership?

2. Would you be interested in the development of a case study sponsored by

-the-Agenda2l-bureau?-—-
3. (Presentation of research proposal for dissertation)

4. How does the planning process of the City of Cape Town work?
5. Who is involved? How are you involved in the process?

6. Which approaches are used for the planning process?

7. Are there any specific software tools that are used?

8. How do you generate energy supply options?

Questionnaire for Interview Gordon Munro, Deputy Director of
Electricity Services, City of Cape Town, 28.04.2004

1. How are you involved into the energisation process of the City of Cape
Town?

2. What is done on the provincial and national level regarding energy plan-
ning? Who to speak to?

3. What do you think about the development of a software tool for the assis-
tance in decision making on the local level? Do you see any need? Market?

4. How is Eskom involved into the local energy planning process?

5. What is the fate of the Athlone power station (reference to recent Engi-
neering News article)?

11









Appendix C

Sustainable Energisation:
Detailed Discussion of Definition

Sustainable Energisation is the transitional process (1) of pro-
gressively (2) meeting primary and early secondary energy
service needs (3) of a poor economic subgroup (second econ-
omy) (4) through the delivery of an enhanced quantity, quality
and/or variety (5) of accessible and affordable energy services
(6), enabling the sustainable development (7) of the considered
subgroup based on poverty alleviation and economic develop-
ment (8), as well as the optimisation of the energy service sup-
ply network from a life-cycle perspective (9).

1. The adjective ‘transitional’ is used, as the described process focuses on the
shift from primary to early secondary energy service needs.

2. The adverb ‘progressively’ is used in order to emphasise a defined chronolog-
ical order according to which energy needs have to be met. Although there
might be overlaps between primary and secondary energy service needs, it
is assumed that generally, primary energy needs will have to be satisfied
before secondary energy service needs can be met.

3. The definition of the terms ‘primary and early secondary energy service
needs’ has been given in section 6.4.2.



C. SUSTAINABLE ENERGISATION: DETAILED DISCUSSION OF
DEFINITION

4. The definition of the target group ‘poor economic subgroup (second econ-
omy)’ is given in section 6.4.1.

5. Sustainable energisation takes place when the quantitiy, quality, and/or
variety of energy services delivered are enhanced. This means that at least
one of the three elements needs to be enhanced. It is emphasised though
that the three elements will never decrease under sustainable energisation.

-~ For-instarmce; if theenergy carriers fuel wood—andcow dung-are-entirely — — -

substituted by the energy carrier electricity, the variety of energy carriers
decreases from two to one. However, the variety of energy services delivered
(e.g cooking and space heating) will remain equal or even increase (e.g.
additional refrigeration).

6. Accessibility and affordability of modern energy carriers have been identified
as critical enablers of energisation under section 6.2.2. In analogy, it is
assumed that the terms ‘accessibility’ and ‘affordability’ can be applied to
the energy service as such, as the energy carrier is integral part of the energy
service supply network.

7. The term ‘sustainable development’ has been described in the context of
sustainale energisation under section 6.4.3.

8. The terms ‘poverty alleviation’ and ‘economic development’ are defined
under section 6.4.2.

9. The energy service supply network integrates as such the cradle-to-grave
approach to the energy service delivered, as it stretches up to the initial re-
source. However, the life-cycle perspective emphasises that the optimisation
of the energy service supply network must account, next to the cradle-to-
grave approach, for impacts on all environmental media, as well as a timely
component.

VI



Appendix D

Calculation of Wood Fibre Based

Material Streams

M5 - Wood Waste from Sawmills going to Thermal Utilisation Formal

According to an interview with Mr. Louis Silberbauer, manager of Cape
Sawmills (Silberbauer, 2005), a total amount of 42,900¢/a are being thermally
utilised on the plant itself. Assuming a moisture content w = 7%!, this gives a

total amount of solid wood fibre of:
M5 = 42,900t/a * (1.00 — 0.07) = 39, 897¢/a ~ 40,000t/a

Assuming a lower heating value for South African pine H; = 20,420M J/t (CSIR,
1990), the energy content for material stream M5 is calculated as follows:

1GJ

M5, = 42,900t/ x 20,420M J/t  Toor =

= 876,018G.J/a ~ 876,000G.J/a

M10 - Construction Wood going from Construction Formal to Dis-
posal

M10 is the material stream corresponding to the total amount of construction
wood going from construction formal to disposal and can be described as follows:

Ci+C,
2

M10=A+B+ (D.1)

lbased on average moisture content of dried wood (e.g. Wirtgen, 2005)
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D. CALCULATION OF WOOD FIBRE BASED MATERIAL
STREAMS

The energy content of material stream M10 is calculated according to the

following equation:
Cie+Cope
5 (D.2)

According to Jeffares & Green (2004, p.4-6), builder’s rubble amounts to
318,392t/a. Assuming that 5% of the builder’s rubble is wood waste!, and a
moisture content w = 7%2, this gives:

M10, = A. + B. +

A = 318,392t/a * 0.05 * (1.00 — 0.07) = 14,805t /a (D.3)

A corresponds to cell 182 in Excel worksheet ‘SummaryTable’ (see appendix F).

Accordingly for the energy content, assuming that wood waste is mainly SA
pine (Pinus Patula):

1GJ

1000M J
A, corresponds to cell K82 in Excel worksheet ‘SummaryTable’ (see appendix F).

According to Jeffares & Green (2004, p.8-34), builder’s rubble amounts to
240,000t/a. Assuming that 5% of the builder’s rubble is wood waste?, and a
moisture content w = 7% (Wirtgen, 2005), this gives: ‘

A, = 318,392t/a * 0.05 x 20, 420M J /¢ % =325,078GJ/a  (D.4)

B = 240,000t/a % 0.05 * (1.00 — 0.07) = 11,160¢/a (D.5)

B corresponds to cell 184 in Excel worksheet ‘SummaryTable’ (see appendix F).

Accordingly for the energy content, assuming that wood waste is mainly SA
pine (Pinus Patula):

1GJ

1000M J
B, corresponds to cell K84 in Excel worksheet ‘SummaryTable’ (see appendix F).

According to Wright-Pierce (1999, p.3-21), total timber waste from the do-
mestic & commercial sector amounts to 33, 540t/a. Assuming a moisture content
w = T% (Wirtgen, 2005), this gives:

B. = 240, 000t/a * 0.05 20, 420M J /¢ * =245,00GJ/a  (D.6)

C, = 33,540t/a * (1.00 — 0.07) = 31,192t/a (D.7)

lassumed by author ‘
2based on average moisture content of dried wood (e.g. Wirtgen, 2005)
3assumed by author
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C) corresponds to cell 193 in Excel worksheet ‘SummaryTable’ (see appendix F).
Accordingly for the energy content, assuming that wood waste is mainly SA
pine (Pinus Patula):

1GJ

Cy. = 33,540t/a * 20,420M J /¢ x

Ci . corresponds to cell K93 in Excel worksheet ‘SummaryTable’ (see appendix

According to Wright-Pierce (1999, p.3-21), total timber waste from the do-
mestic & commercial sector projected for 2030 amounts to 57, 720t/a. Assuming
a moisture content w = 7% (Wirtgen, 2005), this gives:

C, = 57,720t/a x (1.00 — 0.07) = 53,680t/a (D.9)

C, corresponds to cell 195 in Excel worksheet ‘SummaryTable’ (see appendix F)
Accordingly for the energy content, assuming that wood waste is mainly SA
pine (Pinus Patula):

- 1GJ

Cae = 57,720t/a * 20,420M J/t *

Ca,e corresponds to cell K95 in Excel worksheet ‘SummaryTable’ (see appendix
F).

By inserting the results of equations D.3, D.5, D.7 and D.9 in equation D.1,
we obtain:

31,192t/a + 53,680t /a

5 = 68,401t /a =~ 68,000t/a

M10 = 14, 805t/a+11, 160t/a+

By inserting the results of equations D.4, D.6, D.8 and D.10 in equation D.2,
we obtain:
684,886GJ/a + 1,178,642GJ/a

2
= 1,501, 882t/a =~ 1,502,000t/a

M10, = 325,078GJ/a + 245,040GJ /a +

M15 - Construction Wood going from Construction Informal to
Thermal Utilisation Informal
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D. CALCULATION OF WOOD FIBRE BASED MATERIAL
STREAMS

M15 is the material stream corresponding to the total amount of construction
wood going from construction informal to thermal utilisation informal and can
be described as follows:

M15 = @py * Nghy * W (D.11)

M15 corresponds to cell 154 in Excel worksheet ‘SummaryTable’, tab ‘Summary’

(see appendix F) and subsequently cell P9 in tab ‘Meat Vendors’ (see figure F.6).
- ~The-amount-of -wood-planks-used -per-sheep-head-vendor-ean-be-caleulated — — —
according to the following formula:

Qshy = Wp * Ny (D12)

It has been calculated based on Qase (2000, p.45-50), and interviews 1 & 3
(see figure G.4), that the weight of a bunch of wood planks is approx. 10kg,

therefore, we state that:
_ 10kg
- unitb
Furthermore, it has been calculated based on the same sources that the

amount of units (bunches) of wood planks used per day and sheep head ven-

dor are approx. 6. Therefore:

6unitsy

ny = —————
d * unitg,

By inserting w, and n, into equation D.12 and converting it to the unit ¢/a,
we obtain the following:

10kg . 6units, . 365d . 1t 22.03¢
unit, d* unitu, a 1000kg T % unitgpy

Qshv =

The number of cheap head vendors in the study area can be calculated ac-

cording to the following formula:
Nghy = Nihh * Neom * Sshy (D.13)

StatsSA (2001) gives a number of 142, 983 informal households in Cape Town.
Therefore we state:
Nihh = 142, 983um’ts,~hh



Furthermore, it has been assumed by the author based on cite visits and expert
advise from Fikiswa Mahote of the Non-Governmental Organisation (NGO) DAG
(Mahote, 2005) that there is a commerce for each 20 households in the study area.

Therefore we state that:
_ 0.05unitscom

Mleom = UNitipy
Eventually, it has been assumed by the author based on cite visits and expert
advise from Fikiswa Mahote (Mahote, 2005) that every 4th commerce is a sheep
vendor. Therefore, the market share of sheep head vendors can be expressed as

follows:

0.25unitsgp,
Sghy = ———F———
UNttecom

By inserting n;pp, Meom and s, into equation D.13, we obtain the following
value:

0.05unitscom . 0.25unitsg,

[ - = 1787.29units,p,
unitin UNE com

Nghy = 142, 983um'ts,~hh *

By inserting the results of equation D.12 and D.13 into equation D.11, and
assuming a moisture content of w=7% (Wirtgen, 2005), we obtain following result:

22.03t

- * 1787.29units p, * (1.00 — 0.07) = 36, 617.82t/a ~ 37, 000t/a
a * unitghy,

M15 =

Accordingly, the energy content for material stream M15 is calculated as
follows, assuming that the waste wood (wood planks) utilised are mainly SA pine
(Pinus Patula)':

22.03t 1GJ

M15, = oo+ 1787 20unitsn, + 20, 420M.J/t % 7ot

= 804,017M J/a = 804,000M J/a

M16 - Construction Wood going from Construction Informal to Dis-
posal

M 16 is the material stream corresponding to the total amount of construction
wood going from construction informal to disposal. M16 corresponds to cell 190
in Excel worksheet ‘SummaryTable’, tab ‘Summary’ (see appendix F).

lagsumed by author
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D. CALCULATION OF WOOD FIBRE BASED MATERIAL
STREAMS

According to Wright-Pierce (1999, p.3-21), domestic & commercial wood
waste from low-income areas amounts to 10,860.25t/a. Assuming a moisture
content w = 7% (Wirtgen, 2005), we can state that:

M16 = 10,860.25t/a * (1.00 — 0.07) = 10, 100.03t/a ~ 10,000t/a

Accordingly, the energy content for material stream M16 is calculated as
follows, assuming that the majority of domestic & commercial wood waste is SA

pine (Pinus Patula)®:

1GJ
1000M J
M19 - Fuel Wood going from Fuel Wood Traders Formal to Thermal

Utilisation Formal

M16, = 10,860.25t/a x 20,420G J /a * = 221,766GJ/a = 222,000GJ/a

M19 is the material stream corresponding to the total amount of fuel wood
going from fuel wood traders formal to thermal utilisation formal and can be
expressed according to the following formula:

M19=A-B (D.14)
The energy content of the material stream is calculated as follows:
M19, = A, - B, (D.15)

According to Azorin (1992), an amount of 49,000t/a of fuel wood is being
imported into Cape Town. Assuming a moisture content of w = 7% (Wirtgen,
2005), we can state that:

A = 49,000t/a x (1.00 — 0.07) = 45,570t/a

A corresponds to cell 145 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F).

Accordingly, assuming that the fuel wood is mostly Black Wattle (Acacia
Mearnsii)? and thus the lower heating value H; = 17,000M J/t (CSIR, 1990), we
can state that:

1GJ

Ae = 49,000t/a % 17,000M J/t ¥ =50

= 833,000GJ/a

lassumed by author
2assumed by author

XII



A, corresponds to cell K45 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F).

According to Azorin (1992), a total amount of 13,000¢/a of fuel wood is
imported in order to produce 12,400t/a of charcoal. It is further assumed based
on the same source that 20% of this amount is being processed in Cape Town.
Assuming a moisture content of w = 7% (Wirtgen, 2005), we can state that:

B = 13,100t/a * 0.20 * (1.00 — 0.07) = 2,620t/a

B corresponds to cell 147 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F).

Accordingly, assuming that the fuel wood is mostly Black Wattle (Acacia
Mearnsii)! and thus the lower heating value H; = 17,000M J/t (CSIR, 1990), we
can state that:

1GJ

B, = 13,100t/a * 0.20 * 17,000M J/t

B, corresponds to cell K47 in Excel worksheet ‘SummaryTable’, tab ‘Summa.ry’
(see appendix F).
By replacing the results for A and B in equation D.14, we can state that

M19 = 45,570t/a — 2,620t/a = 43,133.40t/a ~ 43,000t/a
By replacing the results for A, and B, in equation D.15, we can state that
M19, = 833,000t/a — 44,540G J/a = 788,460t/a ~ 788,000t/a

M23 - Charcoal going from Charcoal Traders Formal to Thermal
Utilisation Formal

M?23 is the material stream corresponding to the total amount of charcoal
going from charcoal traders formal to thermal utilisation formal and can be ex-

pressed according to the following formula:

M23=A+B (D.16)

lagssumed by author
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D. CALCULATION OF WOOD FIBRE BASED MATERIAL
STREAMS

Accordingly, the energy content is calculated as follows:
M23.,=A.+ B, (D.17)

According to Azorin (1992), the charcoal market generates an annual trade
of 12,400t/a. With a share of 20% being produced locally, we know that 80%
of the charcoal is being imported. Assuming furthermore a moisture content of

w-="T% (Wirtgen, 2005), we can state that:

A = 12,400¢/a * 0.80  (1.00 — 0.045) = 9, 473.6t/a

A corresponds to cell 148 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F).

Accordingly, the energy content is calculated as follows, assuming a lower
heating value for charcoal H; = 17,000M J/t (CSIR, 1990):

1GJ
1000MJ

A, corresponds to cell K48 in Excel worksheet ‘SummaryTable’, tab ‘Summary’

A, =12,400t/a % 0.80 * 29, 500M J/t * = 292,640G J/a

(see appendix F).
According to Azorin (1992), 20% of the charcoal is being produced locally.
Assuming a moisture content of w = 7% (Wirtgen, 2005), we can state that:

B = 12,400t/ * 0.20 * (1.00 — 0.045) = 2, 368.4t/a

B corresponds to cell 149 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F).

Accordingly, the energy content is calculated as follows, assuming a lower
heating value for charcoal H, = 17,000M J/t (CSIR, 1990):

1GJ
1000MJ

B, corresponds to cell K48 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F).
By replacing the results for A and B in equation D.16, we can state that

B, = 12,400t/a + 0.20 * 29,500M J /¢ » =173,160GJ/a

M23 = 9,473.6t/a + 2, 368.4t/a = 11,842t/a ~ 12,000t/a
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By replacing the results for A, and B, in equation D.17, we can state that
M23, = 292,640G J/a + 73,160GJ/a = 365,800G J/a =~ 366,000G J/a

M26 - Fuel Wood from Fuel Wood Traders Informal to Thermal
Utilisation Informal
M26 is the material stream corresponding to the total amount of fuel wood
going from wood traders informal to thermal utilisation informal and can be
described as follows:
M26=A+B (D.18)

M 26 corresponds to cell I563 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F).
The energy content of the material stream is calculated as follows:

M26, = A, + B. | (D.19)

M 26, corresponds to cell K53 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix ).

A corresponds to the total amount of fuel wood utilised by meat vendors and
can be described with the following equation:

A = Gy * Ty * W (D.20)

A corresponds to cell P5 in Excel worksheet ‘SummaryTable’, tab ‘Meat Vendors’

(see figure F.6).
The amount of fuel wood used per meat vendor can be calculated according

to the following formula:

Omv = Whfw * Npfw,mv (D21)

It has been calculated based on Qase (2000, p.45-50), and Interview 4 (see
figure ?7), that the weight of a bunch of fuel wood is approx. 10kg, therefore, we

state that:
10kg

um’tb fw

Whfw =
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D. CALCULATION OF WOOD FIBRE BASED MATERIAL
STREAMS ‘

Furthermore, it has been calculated based on the same sources that the
amount of units (bunches) of fuel wood used per day and meat vendor is ap-

prox. 5. Therefore:
Sunitsy sy

d * unit,,,
By inserting we g, and nyfy, my into equation D.21 and converting it to the unit

Ny fw,me =

t/a, we obtain the following:

_ 10k Sumitsy, | 3654 It 18:25¢
unityp, d*unitm, a  1000kg @ * unitm,

dmv

The number of meat vendors in the study area can be calculated according to
the following formula:
Ny = {Vihh * Neom * Smy (D.22)

StatsSA (2001) gives a number of 142, 983 informal households in Cape Town.
Therefore we state:
Nihh = 142, 983um'ts,~hh

Furthermore, it has been assumed by the author based on cite visits and
expert advise from Fikiswa Mahote (Mahote, 2005) that there is a commerce for
each 20 households in the study area. Therefore we state that:

— 0.05units om
com unitip,

Eventually, it has been assumed by the author based on cite visits and expert
advise from Fikiswa Mahote (Mahote, 2005) that 3 out of 4 commerces is a meat
vendor. Therefore, the market share of meat vendors can be expressed as follows:

0.75unitSmy
T Unitem

By inserting ninh, Mcom and Spmy into equation D.22, we obtain the following

value:

0.05unitScom s 0.75units sy

- - = 5361.86unitsm,,
unit;pp UNLt com

nsmu = 142, 983un1:ts‘hh *

By inserting the results of equation D.21 and D.22 into equation D.20, and
assuming a moisture content of w=7% (Wirtgen, 2005), we obtain following result:
18.25¢

a * unitmy

* 5361.86unitsm * (1.00 — 0.07) = 91,004.17¢/a
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For the energy content, assuming a lower heating value similar to Black Wattle
of 17,000M J/t (CSIR, 1990), we obtain following result:

18.95¢ - _IGJ
Ap = = 5361.86unitm, * 17, 000M J/t + — 1o

e — .
a * unity,,

= 1,663,517GJ/a

B corresponds to the total amount of fuel wood utilised by sheep head vendors
and can be described with the following equation:

B = Qspy * Nighy ¥ W (D23)

B corresponds to cell P8 in Excel worksheet ‘SummaryTable’, tab ‘Meat Vendors’
(see figure ).
The amount of fuel wood used per sheep head vendor can be calculated ac-

cording to the following formula:
Qfw,shv = Whw * Mbfw,sh (D.24)

It has been calculated based on Qase (2000, p.45-50), and interviews 1 & 3
(see appendix G.4), that the weight of a bunch of wood planks is approx. 10kg,

therefore, we state that:

S 10kg
bfw = unity fy

Furthermore, it has been calculated based on the same sources that the
amount of units (bunches) of fuel wood used per day and sheep head vendor
are approx. 2.3. Therefore:

2.3unitsbfw

np = -
fushy = "0 UNitzp,

By inserting wys, and myfy she into equation D.24 and converting it to the
unit ¢/a, we obtain the following:

10kg . 2.32unitsypy . 365d . it 847t
unitypy,  d* unitgp, a 1000kg  a * unity,

Qfw,shy =

The number of cheap head vendors in the study area can be calculated ac-

cording to equation D.13.
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D. CALCULATION OF WOOD FIBRE BASED MATERIAL
STREAMS

By inserting the results of equation ?? and D.13 into equation D.23, and
assuming a moisture content of w=7% (Wirtgen, 2005), we obtain following result:
8.47¢
B=—m—k— : ] .00 - 0.07) = :
—— * 1787.29units,p, * (1.00 — 0.07) = 14, 087.66t/a
For the energy content, assuming a lower heating value similar to Black Wattle
(Acacia Mearnsii) of 17,000M J/t (CSIR, 1990), we obtain following result:

8.47t 1GJ

B, * 1787-2%unitsmy + 11, 000MI/t 4 ————=267;351G fa— —

1000MJ
By inserting the results for A and B in equation D.18, we obtain the following

e .
a * Unitlyy,

result:
M26 = 91,004.17t/a + 14,087.66t/a = 105,091.83t/a =~ 105,000t/a

By inserting the results for A, and B, in equation D.19, we obtain the following
result:

M26, = 1,663,517GJ/a + 257,351GJ/a = 1,920,868G J/a ~ 1,921,000GJ/a

M30 - Paper Waste going from Pulp & Paper Manufacturing to
Thermal Utilisation Formal

M 30 is the material stream corresponding to the total amount of paper waste
going from Pulp & Paper Manufacturing to Thermal Utilisation Formal. M30
corresponds to cell 1151 in Excel worksheet ‘SummaryTable’, tab ‘Summary’ (see
appendix F).

According to an interview with a representative of an anonymous paper fac-
tory (see figure 1.3), a total amount of paper sludge of 6,900¢/a is produced with
a moisture content w = 60%, which is thermally utilised after drying at a later
stage. The amount of total solids in sludge can be expressed as follows:

M30 = 6,900t/a * (1.00 — 0.60) = 2, 760t/a ~ 3,000t/a .

The energy content will be calculated as follows, assuming a lower heating
value for paper for the wood fibre in sludge H; = 14,400M J/t (e.g. Masters,
1998):

1GJ
M30, = 6,900t/a * (1.00 — 0.60) * 14,400M J/t  zo-r

= 39,744M J/a =~ 40,000M J/a
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M32 - Paper Waste going from Pulp & Paper Manufacturing to
Disposal

M32 is the material stream corresponding to the total amount of paper waste
going from Pulp & Paper Manufacturing to disposal. M32 corresponds to cell
1169 in Excel worksheet ‘SummaryTable’, tab ‘Summary’ (see appendix F).

According to the Waste Generation Model of Jeffares & Green (2004), a total
amount of paper waste of 154,662t/a is sent to landfill with a moisture content
w = 10.2%. The amount of total dry wood fibre in the waste stream can be

expressed as follows:
M32 = 154,662t/a * (1.00 — 0.102) = 138, 886.48t/a ~ 139, 000t/a

The energy content of the waste stream can be expressed as follows, assuming
a lower heating value for paper H; = 14,400M J/t (Masters, 1998):
1GJ

1000M J
M33 - Sewage Sludge going from Waste Water Treatment to Ther-

mal Utilisation Formal
M 33 is the material stream corresponding to the total amount of sewage sludge

M32, = 154,662t/ax14,400M J/t* = 2,227,133GJ/a =~ 2,227,000GJ/a

going from waste water treatment to thermal utilisation formal. M33 corresponds
to cell 1226 in Excel worksheet ‘SummaryTable’, tab ‘Summary’ (see appendix
F). :
According to an interview with Toll (2005), a total amount of sewage sludge
of 6,74t/d, or 2,453.36t/a are being produced with a moisture content w = 5%
(see Figure 3.6). Furthermore, Jarde et al. (2003, p.348) states that the wood
fibre content in solids of waste water sludge is approx. 25.5%. The amount of
total dry wood fibre in sewage sludge can be expressed as follows:

M33 = 2,453.36t/a * (1.00 — 0.05) x 0.255 = 594.33t/a ~ 1, 000t/a

The energy content of the material stream can be expressed as follows, as-
suming a lower heating value for the dry wood fibre similar to that of SA pine
(Pinus Patula) H; = 20,420M J/t (CSIR, 1990): |

1GJ
M33, = 2,453.36t/a * (1.00 — 0.05) * 0.255 * 20, 420M J/t % Too

= 12,136GJ/a ~ 12,000G J/a
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M34 - Sewage Sludge going from Wastewater Treatment to Disposal

M34 is the material stream corresponding to the total amount of sewage
sludge going from waste water treatment to disposal. M34 corresponds to cell
1207 in Excel worksheet ‘SummaryTable’, tab ‘Summary’ (see appendix F).

According to Jeffares & Green (2004, table 7.8), the total amount of sewage
sludge disposed is 53,000t/a. Given is a moisture content of 80% according to
?. Furthermore, Jarde et al. (2003, p.348), states that the wood fibre content in

solids of waste water sludge is approx. 25.5%. The amount of total dry wood
fibre in sewage sludge can be expressed as follows:

M34 = 53,000t/a * (1.00 — 0.80) % 0.255 = 2,703t/a ~ 3,000t/

The energy content of the material stream can be expressed as follows, as-
suming a lower heating value for the wood fibre similar to that of SA pine (Pinus
Patula) H; = 20,420M J/t (CSIR, 1990):

1GJ
M34, = 53,000t/a * (1.00 — 0.80) * 0.255 % 20,420M J/t ¥ 750

= 55,195G J/a ~ 55,000GJ/a

M36 - Methane going from Wastewater Treatment to Thermal Util-
isation Formal

M36 is the material stream corresponding to the total amount of methane
going from waste water treatment to thermal utilisation formal. M36 corresponds
to cell 1237 in Excel worksheet ‘SummaryTable’, tab ‘Summary’ (see appendix
F) and subsequently cell TOT_CH4_USE in tab ‘Wastewater’(see figure F.16).

According to an interview with ?, the total amount of gas produced at the
Cape Flats Wastewater Works is 12,000m3/d, corresponding to 10,512, 000m?/a.
It is assumed that the density of methane is dcy, = 0.722kg/m?® (Wikipedia,
2006b), and that the average methane content of the gas is Ccn, = 0.55% (7).
Furthermore, assuming that there is 25.5% of wood fibre in the solids of the
sewage sludge (Jarde et al., 2003), the total amount of methane in function of
the wood fibre can be expressed as follows:

M36 = 10,512, 000m3/ax0.722kg/m?+0.55%0.255x1¢/1000kg = 1064.45t/a ~ 1,000t/a



The energy content of the material stream can be expressed as follows, as-
suming a lower heating value for methane H; = 50,000M J/t (e.g. Wikipedia,
2006b):

M36, = 10,512, 000m3/a * 0.722kg/m® % 0.55 * 0.255 % 1¢/1000kg

1GJ__ _ 53 999G /a ~ 53,0006 /a

M37 - Methane going from Wastewater Treatment to Atmosphere

M37 is the material stream corresponding to the total amount of methane
going from waste water treatment to the atmosphere. M37 corresponds to cell
1236 in Excel worksheet ‘SummaryTable’, tab ‘Summary’ (see appendix F) and
subsequently cell TOT_CH4_REL in tab ‘Wastewater’ (see figure F.16).

Based on the amount of methane recovered for thermal utilisation at Cape
Flats Wastewater Works (see section ??, the amount of methane released to the
atmosphere will be calculated for the wastewater treatment schemes at Athlone,
Simon’s Town and Kraaifontein according to their respective capacity, as their
design all include anaerobic digesters without thermal recovery of the gas.

According to CCT (2001), the capacity for Athlone, Simon’s Town and Kraai-
fontein are respectively Cyy = 105Ml/d, Csy = 5Ml/d and Cxr = 17Ml/d.
Note that Cape Flat’s capacity is Cor = 160M1/d.

The amount of methane released to the atmosphere in function of the wood
fibre can thus be calculated as follows:

d 106M1 5MI 17TMI

i * (g T =) = 844.91t/a ~ 1,000t/a

M37 = 1064.45t/a

The amount of energy bound in this material stream is expressed as follows,
assuming a lower heating value for methane H; = 50,000M J/t (e.g. Wikipedia,
2006b):

d 105M1 5M1 17Ml

M3T, = 1064.45¢/a» = * (—— + == + ——)
1GJ
50, 000M J/t x oooe = = 42, 245G /a = 42,000GJ/a

M38 - Biomass from Parks & Gardens to Composting Facilities
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M38 is the material stream corresponding to the total amount of biomass
going from parks & gardens to composting facilities and can be expressed as the
average of the values A and B according to the following formula:

M38 = A—;E (D.25)

The energy content of the material stream is calculated as follows:

A.+ B,
2

According to Jeffares & Green (2004), a total amount of 30,000t/a of green
waste goes to composting facilities. Assuming a share of 50% of woody material

M38, = (D.26)

in the green waste stream!, and a moisture content w = 50%?, the amount of
wood fibre in green waste can be calculetd as follows:

A = 30,000t/a % 0.50 * (1.00 — 0.50) = 7, 500t/a

A corresponds to cell 1124 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F). Calculations have been made in tab ‘Compost Plants’ (see
figure F.15).

The energy content is calculated assuming a lower heating value similar to
Black Wattle (Acacia Mearnsii) H; = 17,000M J/t (CSIR, 1990):

1GJ
1000MJ

A, corresponds to cell K124 in Excel worksheet ‘SummaryTable’, tab ‘Summary’

A. = 30,000t/a * 0.50 * 17,000M J/t * = 255,000GJ/a

(see appendix F).

According to Wright-Pierce (1999), a total amount of 40,950t /a of green waste
goes to composting facilities. Assuming a share of 80% of green waste in the
total amount, a share of 50% of woody material in the green waste stream, and
a moisture content w = 80% (Jeffares & Green, 2004, section 7.5.2), the amount
of wood fibre in green waste can be calculetd as follows:

B = 40,950t /a * 0.50 * 0.80 * (1.00 — 0.50) = 8,190t/a

lassumed by author

2assumed by author
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B corresponds to cell 1128 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F). Calculations have been made in tab ‘Compost Plants’ (see
figure F.15).

The energy content is calculated assuming a lower heating value similar to
Black Wattle (Acacia Mearnsii) H, = 17,000M J/t (CSIR, 1990):

1GJ

~1000MJ
B, corresponds to cell K128 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F).

By replacing the results for A and B in equation D.25, we can state that:
7,500t/a + 8,190t/a
2
By replacing the results for A, and B, in equation D.26, we can state that:
255,000GJ/a + 278,460GJ/a
2

M39 - Biomass from Parks & Gardens going to Disposal
M39 is the material stream corresponding to the total amount of biomass
going from parks & gardens to disposal and can be expressed according to the

B. = 40,950t/ x 0.50 x 0.80 % 17,000M J /¢ = 278,460GJ/a

M38 = =7,845t/a ~ 8,000t/a

M38. = = 266, 730G J/a =~ 267,000G J/a

following formula:

C+(D+E+F) A+B
2 2

The energy content of the material stream is calculated according to the fol-

M39 = (D.27)

lowing equation:

Ce+ (D, + E.+ F.) _A.+B.

| 2 2
According to Jeffares & Green (2004), a total amount of 114, 196t/a of green

waste is generated in Cape Town -consisting of top-up of waste bins, compost

plants and drop-off facilities. Assuming a share of 50% of woody material in the

green waste stream!, and a moisture content w = 50%?2, the amount of wood fibre

M39, = (D.28)

in green waste can be calculetd as follows:

C = 114,196¢/a * 0.50 x (1.00 — 0.50) = 28,549t/

!assumed by author
2assumed by author
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C corresponds to cell 1105 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F). Calculations have been made in tab ‘Green Waste’ (see figure
F.14).

Accordingly, the energy content for the material stream can be described as
follows, assuming a lower heating value similar to Black Wattle (Acacia Mearnsii)
H; = 17,000M J/t (CSIR, 1990):

"C’;?1‘1’4,“19627WO'.50‘3?1‘7,’00'0?M17“/TT—-————1““_"‘01)§;I 7= 970,666GJfa— —

C. corresponds to cell K105 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F). Calculations have been made in tab ‘Green Waste’ (see figure
F.14).

According to Wright-Pierce (1999), the amount of industrial garden refuse/building
rubble is null, so that we can state:

D=0t/a

D corresponds to cell 1113 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F). Calculations have been made in tab ‘Green Waste’ (see figure
F.14).

Accordingly, the energy content for the material stream can be described as
follows, assuming a lower heating value similar to Black Wattle (Acacia Mearnsii)
H, = 17,000M J/t (CSIR, 1990):

D, =0GJ/a

C. corresponds to cell K113 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F). Calculations have been made in tab ‘Green Waste’ (see figure
F.14).

According to Wright-Pierce (1999), the amount of commercial garden refuse/building
rubble is 25,500t/a, so that we can state, assuming a share of green waste of
50%!, a share of 50% woody material in the green waste? and a moisture content
w = 50% (e.g. Kluttig et al., 1998), that:

E = 25,500t/a * 0.50 * 0.50 * (1.00 — 0.50) = 6,375t/a

lassumed by author
2assumed by author
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E corresponds to cell I 115 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F). Calculations have been made in tab ‘Green Waste’ (see figure
F.14).

Accordingly, the energy content for the material stream can be described as
follows, assuming a lower heating value similar to Black Wattle (Acacia Mearnsii)
H; = 17,000M J/t (CSIR, 1990):

1GJ
1000MJ

E, corresponds to cell K115 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F). Calculations have been made in tab ‘Green Waste’ (see figure
F.14).

According to Wright-Pierce (1999, table 3.10 and Appendix D), the amount
of green waste from the low-income , middle-income and high-income sectors are
5,211.18t/a, 46,455.55¢t/a and 163,968.61t/a respectively. Assuming an average
share of 5% woody material in the green waste! and a moisture content w = 50%
(Kluttig et al., 1998), we can state that:

E, = 25,500t/a * 0.50 * 0.50 % 17, 000M J /¢ % = 108,375GJ/a

F = (5,211.18t/a+46, 455.55t /a+163, 968.61¢/a)*0.05%(1.00—0.50) = 5,390.88t/a

F corresponds to cell 1120 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F). Calculations have been made in tab ‘Green Waste’ (see figure
F.14).

Accordingly, the energy content for the material stream can be described as
follows, assuming a lower heating value similar to Black Wattle (Acacia Mearnsii)
Hy = 17,000MJ/t (CSIR, 1990):

F, = (5,211.18t/a + 46, 455.55t/a + 163, 968.61¢/a) * 0.05
1GJ

= 183,290GJ/a

F, corresponds to cell K120 in Excel worksheet ‘SummaryTable’, tab ‘Summary’
(see appendix F). Calculations have been made in tab ‘Green Waste’ (see figure
F.14).

lassumed by author
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By replacing the results for C, D, E and F in equation D.27, acknowledging
that the term 432 is equal to the amount calculated for M38 in section 77, we
can state that:

_28,549t/a + (Ot/a + 3,187t/a + 5,390.88t/a)

M39 5

— 7,845t /a
= 10, 718.70t/a = 11,000t/a

By replacing the results for C,, D., E, and F, in equation D.28, acknowledging

that the term Aﬁz';—’?& is equal to the amount calculated for M38, in section ?7?,
we can state that:

970, 666G.J/a + (0GJ/a + 108, 375G J/a + 183,290GJ/a)

M39. = 5

—267,000GJ/a
= 364, 165GJ/a =~ 364, 000G J/a

S17 - Stock of Construction Wood bound in Informal Constructions

S17 corresponding to the total amount of construction wood bound in informal
constructions such as shacks and is calculated by multiplying the average weight
per shack by the number of informal households.

S17 = Njpp * we * w (D.29)

The number of informal households is given by StatsSA (2001) and is Nixp =
142, 933units;y,. The average weight of a shack w;, is calculated in the construc-
tion wood model (see appendix H), which has been developed based on Boaden
(e.g. 1985).

As can be seen in tab ‘results’, the weight of each wooden material (M1-M10,
as defined in tab ‘material’) has been calculated for each unit option where it
has been utilised, as given by column ‘Option’ in tab ‘results’. Each material
quantity M; has been calculated according to the following formula:

M; =Y MOpt;xs;x N (D.30)
Jj=1
m is the number of construction unit options including material M;. M;Opt;

is the weight of material M; as found in construction unit option Opt; and is
calculated according to the following formula:

M;Opt; = 6; % l; * hj * w; * g; (D.31)
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d; is the density of material M;, ; is the length of material M; in option Opt;,
h; is the height of material M; in option Opt;, w; is the width of material M; in
option Opt; and g; is the quantity of material M; in option Opt;.

Furthermore, in equation D.30, s; stands for the share of option Opt; relative
to the other options, as described in tab ‘general settings’. N stands for the
number of informal households in the study area. In this case, N = Njpp.

Eventually, total weight W is calculated as follows:

W= Z M; (D.32)

i=1

Accordingly, total energy content E is calculated as follows:

n
E=) M;xHj (D.33)
i=1
H;; represents the lower heating value of the material M;.
The average weight of wood per informal construction (shack) is calculated

according to:

w
Wg = ‘—N— (D34)

In this case, with N = Nz, w, = 0.92t/unit;ns. By replacing Ny, and w, in
equation D.29, assuming a moisture content w = 7%, we get the following:

S17 = 142, 983unitsiny * 0.92t funitiy * (1.00 — 0.93) = 122, 335.92¢ ~ 123, 000t

The average energy content per informal construction (shack) is calculated

according to:

=7 (D.35)

In this case, with N = Njp, €, = 18.45GJ/unit;p,. Similarly for the energy

content, we get:

517, = 142, 983units;p, * 18.45GJ/unit,-hh = 2, 638, 036GJ ~ 2, 638, 000GJ
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