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Executive Summary

Introduction

This is the first State of Energy Report for the City of Johannesburg (CoJ) and it builds
upon the intentions and objectives of the City’s Integrated Development and Integrated
Environmental Management Plans. It furthermore derives impetus from both the 2005
Energy Strategy for South Africa and the National White Paper on Renewable Energy,
each of which set targets for improvement. The CoJ Metropolitan Municipality has
identified urban and peri-urban energy use as a major contributing factor to Climate
Change and local ground-based pollutant levels within South Africa. It has subsequently
highlighted that a State of Energy Report is necessary as a key Energy Strategy input
document.

The main objective of this document is to provide a background and basis for the
development of an Energy Strategy for the CoJ. This is achieved by delivering three key
outputs as follows:

Provide a snapshot overview of energy supply and demand patterns within the
boundaries of CoJ. This is achieved by compiling an energy balance covering all
sectors and all energy sources;

Detail sector-by-sector energy synopses. These include recent trends in energy
usage patterns, reporting data deficiencies where identified, linkage to
investigative work carried out by others, and information regarding current and
future initiatives in energy efficiency;

Identify Sustainability Priorities on a sector-by-sector basis. These include
issues such as access to energy supplies, energy affordability, climate change,
atmospheric pollution as a result of fossil fuel combustion, social welfare and
employment.

The approach to the compilation of this report has largely been research-based. All data
inputs and sector synopses have been compiled using the best available information,
supplemented by discussions and interviews with stakeholders. The project did not
commission the collection of new data from previously unknown sources; rather it makes
recommendations based on data gaps identified during the course of the investigation.

The highlights of this State of Energy Report are summarised in the following
paragraphs, and include the Demand-side sector summaries, key energy statistics and a
synopsis of Sustainability Objectives.

The Domestic Sector

Official statistics cite the current population of the City of Johannesburg to be 3.88-
million, spread across 1,165,014 households. There is an extremely diverse range of
housing types and building standards across the municipality, with affluent residents
mainly living in the northern suburbs and more than 70% of the poor living in the urban
townships to the south and on the periphery of the north. In terms of housing, some
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78% of the population live in formal dwellings with 18.8% living in informal settlements.
In total, there are in the region of 219,000 informal dwellings in the Municipality.

Energy usage in the household sector is generally characterised by the dominance of
electricity, although a diverse range of energy carriers are used within the sector.
Between 85-90% of all domestic energy usage for cooking, lighting and heating is
sourced from electricity, and totals 21,677TJ per annum for the sector overall. The next
most important energy source is paraffin, particularly for poorer income groups, and its
usage appears to be on the increase at the expense of other non-electrical lighting
sources, such as candles. Paraffin accounts for 1,716TJ per annum. At only 1,155TJ
per annum, the use of coal as a domestic fuel is far less prevalent than would be
expected so close to the mining hub of the country. Renewable sources, in the form of
solar energy, have yet to make any significant impact upon the statistics shown.

The Local Authority Sector

Electricity is the sole energy carrier considered for the City of Johannesburg Municipal
Authority, its use being spread across a wide variety of functions and buildings. The
most important energy users have been addressed here, and comprise the largest 12
public administrative buildings, buildings falling within the Community Development
portfolio, street-lighting and traffic signals, and water and sanitation functions carried out
by Johannesburg Water. An additional energy user is included in this sector; that being
the system losses associated with City Power’s electricity distribution system. These
losses comprise technical loss (associated with resistance and transformer losses, etc)
and non-technical loss (associated with the misappropriation of energy) and together
combine to account for almost 85% of the Local Authority Carbon footprint.

The total energy usage across the sector is estimated at 6,816TJ per annum, but should
be considered against the lack of data availability and poor data integrity encountered
during the research phase of this report. Whilst the data presented provide a starting-
point for energy efficiency monitoring, it is imperative that the CoJ undertake immediate
review of the data measurement systems in place and implement improvements as
necessary, together with a comprehensive data collection and monitoring programme.

There are already several energy efficiency interventions underway within the sector,
including LED traffic signals and the work being undertaken under the auspices of the
Clinton Climate Initiative.

The Industrial & Commercial Sector

The most important sub-sectors within the CoJ industry and commerce sector are
financial and business services, trade and manufacturing. Together these three
comprised 65% of the combined GVA for industry, commerce and agriculture during
2007, which in total was estimated at R174,750-million.

Whilst reliable coal usage statistics could not be obtained for this report, it is known that
electricity accounts for 99% of the remaining energy use. Total energy usage for the
sector in 2007 was 29,079TJ, and recent evidence suggests that this figure is rising
annually by around 5%.

In terms of energy efficiency there appears almost a complete lack of implemented
project with proven savings and case studies. Projects for lighting retrofits via the
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EEDSM process are in the pipeline but not yet fully implemented. It is thought that the
forthcoming increase in electricity price, in whatever final form it takes, should serve to
kick-start significant investment in energy efficiency improvements and renewable
energy technology. Another promising development is the recent announcement by the
City of Johannesburg that a set of basic requirements for energy efficiency will be
considered in the adjudication of all commercial development applications sent in to the
City.

The Transport Sector

The Transport Sector remains a significant player in the overall energy picture of the
City, both in terms of energy usage and atmospheric emissions. During 2007, liquid
fuels associated with transport contributed some 31% to the total CoJ Carbon footprint,
and almost 62% of its overall energy usage in Terajoule terms.

Oil prices have doubled since January 2006 and have reached record levels in recent
months. As a result, all grades of diesel and petrol have undergone over 50% price
increases since May 2007. Regardless of this, the trend of increasing road use
continues at the expense of public transport modes. Statistics indicate that whilst
minibus usage remains strong amongst commuters, there is a growing tendency to
move away from train and bus transport in favour of private vehicles. Whilst the
increased affordability of private vehicles has certainly played a part, it must be stressed
that the general perception of public transport as being dirty, unsafe and unreliable is a
major driver behind these statistics.

The CoJ and Provincial Government have been proactive in beginning to address the
impending grid-lock. The BRT system will offer a rapid service to minimise travel times,
while also providing security, comfort and convenience to the customer. Furthermore,
the commissioning of Gautrain ahead of the 2010 World Cup will hopefully provide an
international case-study of public transport at its best.

Energy Statistics

One of the important outputs of the State of Energy reporting process has been the
development of a Municipal Energy Balance. The energy balance gives an overview
snapshot of the complete energy picture for the CoJ, including energy imports and
exports, demand-side usage by sector, and supply-side data by primary and secondary
energy sources.

In terms of the Demand-side sectors, it is important to note that Transport energy usage
contributes some 62% of final energy demand, followed by the Industry and Commerce
sector which accounts for 20% of end-use. This is significant, as it supports the notion
that these sectors are perhaps priority areas to address from the point of view of energy
efficiency improvements. Graphical representation of end-user energy statistics is
shown in Figure A:
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Figure A: Demand-side energy usage by Sector (TJ) in 2007

Transport
89,991TJ
61.7%

Industry and Commerce

29,080TJ Other
19.9% Household 644TJ
25,168TJ 0.4%
Local Authority 17%
1,039TJ
0.7%

Figure B: CO, emissions by end-user sector (tonnes) in 2007

Transport
Industry & Commerce 6,087,678 tonnes
7,047,868 tonnes
31.1%

36.1%

Local Authority Household Other
276,600 tonnes 5,973,963 tonnes 157,863 tonnes
1.4% 30.6% 0.8%
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Whilst energy-related emissions from all sectors take several forms and include both
global and local emissions, the various energy sources have been accounted to enable
allocation of CO, emissions across all sectors. In the analysis shown in Figure B it is
clear the industry sector plays a major role in the issuance of CO, accounting for in
excess of 36% on an ongoing basis. The transport and household sectors are also very
important in terms of CO, emissions, each contributing some 31% to the overall total.

The influence of electricity usage upon the municipal CO, footprint can be clearly seen
with reference to Figure C. The salient fact here is that although locally electricity is
seen as a clean, pollution-free energy source, the impacts of its generation are felt
elsewhere via the huge amounts of CO, emitted from South Africa’s largely coal-based
generation plant in the Highveld.

Figure C: CO, emissions by energy type (tonnes) in 2007

Electricity
13,029,077 tonnes
66.67%

Petrol
3,893,095 tonnes
19.92%

Paraffin
95,843 tonnes
0.49%

11.86%

Furnace Oils
7,976 tonnes
0.04%

Coal Natural Gas
3,325 tonnes 102,425 tonnes 93,896 tonnes
0.02% 0.52% 0.48%

Sustainability Objectives

A series of Sustainability Objectives have been developed for each sector which relate
to issues such as access to energy supplies, energy affordability, Climate Change,
atmospheric pollution as a result of fossil fuel combustion, social welfare and
employment. It is suggested that these should be prioritised and further developed as
key deliverables within any future Energy Strategy for the CoJ. Even at this early stage,
several Sustainability Objectives have arisen as priority areas, or contain important
cross-cutting issues, and have been extracted for highlight in Table A.
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Table A: Priority Sustainability Objectives

Sector

Sustainability Objective & Motivation

Transport

Sustainability Objective:

Reduction in atmospheric pollution and Greenhouse gas emissions by
minimising volumes of road traffic and ensuring maximum efficiency
of all road users

Motivation:

The worrying level of ground-based pollutants arising from traffic
volume is evident from CoJ atmospheric monitoring stations. Traffic
alone contributes 31% of CO: emissions within the municipal
boundary. Public transport is either deemed unsafe or under-utilised,
and under present trends traffic volumes are expected to continue to
rise in the foreseeable future.

Cross-cutting

Sustainability Objective:
Enhanced uptake of Renewable Energy options across all sectors
Motivation:

Whilst energy efficiency and emissions mitigation technologies can go
so far, it is inevitable that our dependency upon fossil fuels is not
sustainable. To date, there have been a small handful of
demonstration projects involving renewable energy within the CoJ.
These projects have mainly served to demonstrate the viability of
renewable energy within the South African urban context; the
technologies themselves are already proven. What is necessary now
is to fully understand the remaining barriers to the uptake of
renewable alternatives and establish routes to overcome them.

Cross-cutting

Sustainability Objective:

Encourage the widespread uptake of Energy Efficiency options across
all sectors

Motivation:

The potential for financial and environmental gains through energy
efficiency is huge. National government has targeted 12% cross-
sectoral energy savings by 2015 and the CoJ has set a similar target
in its IEMP of 10% by 2010. A combination of targeted and
widespread awareness campaigns, coupled with replicable
demonstration pilots should assist in moving these issues forward.

Domestic

Sustainability Objective:

Reduce the use of dirty fuels and dirty combustion practices in
residential premises

Motivation:

The use of dirty fuels in the household can be a significant contributor
to poor health due to respiratory ailments. Poor indoor air quality
may also be brought about by poorly designed and maintained
combustion equipment and inadequate ventilation. A switch to a
combination of cleaner fuels and the judicial use of electricity will
inevitable assist in mitigating these effects.

vi
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The Way Forward: An Energy Strategy

This report points towards some of the major drivers behind the development of a
Municipal Energy Strategy for CoJ, as well as cross-cutting issues relevant to the
anticipated objectives and outcomes of such a strategy.

There is clearly a groundswell of activity taking place at a National Government level as
the implications of energy inefficiency and energy non-sustainability become ever
clearer.  Furthermore, the National power utility has itself recognised the dire
consequences of inefficient energy use such that National security of supply has
become threatened, load-shedding has become a reality and Demand Side
Management has become a key area of activity.

The Energy Strategy document should be structured in such a way as to provide a
concise, yet structured, account of the intentions of the CoJ regarding Energy Efficiency
(EE) and Renewable Energy (RE) over the Strategy timeline. Each section should be
compiled in a logical and accessible way to allow completeness and ease of
understanding. Section contents are proposed as follows:

Mandate

This would be a short section to underline the legal mandate by which the Strategy
could be established. The mandate might be derived from both National and local
legislative frameworks, as well as non-legislative means such as National Energy
Strategy.

Vision

The Vision should comprise a simple statement of the over-arching objective of the
Energy Strategy. The Vision should forms the basis of subsequent Goals and Action
Plans which feature elsewhere within the Strategy.

Targets

The pre-existing National targets for EE and RE should be considered, as well as how
these influence the targets which would be proposed the CoJ Energy Strategy. ldeally,
this section would also address a Strategy timeline, together with proposing a suitable
measurement unit for the targets themselves.

In undertaking a local strategy, the City of Johannesburg should seek to follow the lead
of National Government insofar as setting 10-year energy efficiency improvement
targets to a minimum level as those set out within the National Energy Efficiency
Strategy. This implies that the 8-year (to 2015) target for the Municipality as a whole
would be 4,204,181MWh per annum energy savings, resulting in a CO, reduction of
2,243kt per annum. The details are shown in Table B.

vii
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Table B: Implied 10-year Sectoral Targets for CoJ

Sector Target Target Target Target
% GJ MWh Tonnes CO;
Industry & Commerce 15% 4,362,000 1,211,764 1,057,180
Public Buildings 15% 155,850 43,295 41,490
Transport 9% 8,099,190 2,249954 547,891
Domestic Households 10% 2,516,800 699,167 597,396
Totals - 15,133,840 4,204,181 2,243,957

Sectors

It is suggested that the Demand-side sectors as presented within this report form the
basis of a sectoral structure for the proposed Energy Strategy. Each Sector should be
discussed in terms of its headline Goal, specific Objectives, Targets and Action Plans
which have been developed through a thorough consultative programme within each
sector. The successful achievement of each of the Sectors’ Goals, Objectives and
Targets, via effective Action Plans, is considered key to meeting the Strategy Vision.

Action Plans

Each Sector should be provided with a detailed Action Plan of interventions and
programmes which are specifically structured in order to maximise the uptake of RE
technologies and EE practices. Action Plans should be detailed by headings as shown
in Table B as a minimum:

Table C: Suggested Action Plan Headings

Measure or Intervention A broad outline of what the Action Plan intends to achieve, as well
as any relevant background information, or motivation, on the
measure or intervention.

Actions An itemised description of the main activities which will be
necessary to implement the Action Plan. The list is not intended
to be exhaustive, rather indicative.

Objectives Lists which of the Theme's Sustainability Objectives are
addressed by the Action Plan. The reference numbers of
Objectives are used for simplicity.

Timeframe A broad categorisation of the implementation timeframe for the
Action Plan; i.e. Long-term, medium-term, short-term and
immediate.

Lead Agency & Key Stakeholders | Lists the key players who will be involved.

Contribution to Theme Target Expressed in terms of absolute Carbon reductions, but only in
Action Plans where a meaningful calculation can be made.

viii
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Strategy Monitoring

Although at the outset of a strategic programme the issue of results monitoring may
seem a distant one, the Municipality and its stakeholders should consider a monitoring
plan at the earliest stage. Methodologies should be put into place which will effectively
and transparently monitor the progress of the strategic programme, in particular
progress against targets. Liaison with the national monitoring plans for energy efficiency
and renewable energy would be extremely advantageous.

The core requirements for developing EE indicators are shown in Table D. For RE
indicators, the methodology developed by the DME would be proposed. The indicators
focus on final energy demand, rather than primary or net energy production.

Table D: Core requirements for developing Energy Efficiency Indicators
Component Data Required

Industry Sector Total GVA
Total energy consumption

Commercial Sector Total GVA, or Total floor-area in use
Total energy consumption

Public Services Sector Total GVA, or Total floor area in use
Total energy consumption

Residential Sector Total number of households
Total electricity consumption

Passenger Transport sub-sector Passenger-km of each mode
Energy consumption of each mode

Freight Transport sub-sector Tonne-km of each mode
Energy consumption of each mode

It should be remembered that effective monitoring comprises more than simply the
measurement of indicators alone. Best Practice Monitoring is a more comprehensive
process that must also provide information to understand the “why” and “how” indicators.
Without this textured information, policymakers will not know the way forward in the case
that indicators are not achieved. These driving force indicators should be developed
during the course of the Strategy roll-out programme as the specific Action Plans are
implemented.
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Abbreviations Used

Standard abbreviations are used throughout this report for SI Unit notation and are not,
therefore, included in the table below.

Abbreviation Meaning

bpd Barrels per day

BNM Basa Njengo Magogo

CCP Cities for Climate Protection

CDM Clean Development Mechanism
CFL Compact Fluorescent Light
CHP Combined Heat and Power
CoJ City of Johannesburg

DEAT Department of Environment and Tourism
DME Department of Minerals and Energy
DSM Demand Side Management
DTI Department of Trade and Industry

EBSST Electricity Basic Support Services Tariff
EDI Electricity Distribution Industry

EDRC Energy Development and Research Council

EEDSM Energy Efficiency Demand Side Management

EMS Environmental Management System

ESCO Energy Services Company

GDP Gross Domestic Product
GHG Greenhouse Gas
GRI Global Reporting Initiative
GVA Gross Value Added
GWP Global Warming Potential
ICLEI International Council for Local Environmental Initiatives
IDP Integrated Development Plan
IPCC Intergovernmental Panel on Climate Change
LED Light Emitting Diode
LFG Landfill Gas

LPG Liquefied Petroleum Gas
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LTDF Long Term Development Framework
M&T Monitoring and Targeting
MRG Methane Rich Gas
MYPD Multi-year Price Determination
NEES National Energy Efficiency Strategy
NEMA National Environmental Management Act
NERSA National Energy Regulator of South Africa
NGO Non-governmental Organisation
NPA National Ports Authority
NWMS National Waste Management Strategy
RED Regional Electricity Distributor
SABS South African Bureau of Standards
SAPIA South African Petroleum Industries Association
SMME Small, Medium and Micro Enterprises
SOE State of the Environment
SOEnN State of Energy
SSA Statistics South Africa
toe Tonnes of Oil Equivalent
TOU Time of Use
UNFCCC United Nations Framework Convention on Climate Change

WTW

Wastewater Treatment Works

Xi
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Energy Unit Conversion factors®

The following energy unit conversion factors are adopted throughout this report.

To

From 1J 1kWh ltoe 1Btu
1J 1 0.278 x 10°® 0.2388 x 10°® 0.948 x 10
1kWh 3.6 x 10° 1 0.86 x 10° 3.412 x 10°
1toe 42 x 10° 11,630 1 39.68 x 10°
1Btu 1.055 x 10° 0.293 x 10° 0.252 x 10° 1
Prefixes

The following prefixes are in common use and will be found throughout this report:

Prefix Symbol Power
Kilo K 10°
Mega M 10°
Giga G 10°
Tera T 10"

CO, Conversion Factors

The following conversion factors are used consistently throughout this report:

Energy Carrier CO, emission factor, kg/kWh
Electricity 0.9587
llluminating Paraffin 0.20
Liquefied Petroleum Gas 0.21
Egoli Gas 0.20
Bituminous Coal 0.30
Petrol 0.24
Diesel 0.25
Heavy Fuel Qil 0.26
Woodfuel 0.00

! As used by the Department of Minerals and Energy in the Digest of South African Energy Statistics:

% Source: Eskom Annual Report 2007. This represents the Eskom average CO; figure. The carbon emission
factor is calculated to be 1.2kg/kWh in accordance with CDM approved consolidated methodology 0002.

Xii
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Calorific Values of Common Fuels

This table provides Gross (higher) Calorific Value (GCV) data for commonly
encountered fuel sources and energy carriers. These data are adopted throughout this
report and are those used by the Department of Minerals and Energy in the Digest of
South African Energy Statistics:

Fuel GCV Units Density
Solid fossil fuels
Bituminous Coal (general purpose) 24.3 MJ/kg -
Bituminous Coal (coking coal) 30.1 MJ/kg -
Coke 27.9 MJ/kg -
Liquid fuels
Liquefied Petroleum Gas (LPG) 26.7 MJ/I 0.541
Petrol 34.2 MJ/l 0.723
llluminating Paraffin 37.0 MJ/l 0.788
Power Paraffin 37.5 MJ/I 0.813
Aviation Fuel 34.3 MJ/l 0.793
Diesel 38.1 MJ/l 0.839
Heavy Fuel/Furnace Oil (HFO) 41.6 MJ/l 0.984
Gaseous fuels
Natural Gas 41.0 MJ/m?® -
Egoli Gas 19.0 MJ/ m?
Coke oven gas 17.3 MJ/m? .
Blast furnace gas 3.1 MJ/m?® -
Landfill gas 10.7 MJ/m?®
Coal gas (Sasol) 18.0 MJ/m? .
Sasol Methane Rich Gas (MRG) 38.0 MJ/m? .
Solid renewable fuels
Bagasse (wet) 7.0 MJ/kg -
Bagasse fibre (dry) 14.0 MJ/kg -
Biomass (wood, dry, typical) 17.0 MJ/kg -

Note: Data for density shown above are relative to water at standard conditions of
temperature and pressure.

Xii
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1. Introduction

1.1 Background to this Study

The City of Johannesburg (CoJ) Metropolitan Municipality has identified urban and
peri-urban energy use as a major contributing factor to Climate Change and local
ground-based pollutant levels within South Africa. It has subsequently highlighted
that a State of Energy Report is necessary as a key Energy Strategy input
document.

The present document is, therefore, the first State of Energy Report which has
been compiled by the CoJ Municipality and builds upon the intentions and
objectives of the CoJ Integrated Development Plan and the CoJ Integrated
Environmental Management Plan, inter alia. It further derives sectoral impetus
from the 2005 Energy Strategy for South Africa, which states:

‘South Africa is a developing nation with significant heavy industry, which is by its
nature energy intensive. This energy intensive economy largely relies on
indigenous coal reserves for its driving force. At first sight there would appear to
be an apparent paradox between using less energy and developing a healthy and
prosperous nation based on energy intensive activities. This is not the case. In
recent years energy efficiency has significantly gained in stature and has become
recognised as one of the most cost-effective ways of meeting the demands of
sustainable development.

The benefits of energy efficiency upon the environment are self-evident. These
benefits are of particular relevance, as South Africa remains one of the highest
emitters of the Greenhouse gas CO, per capita in the world. At a local level the
problems of SO, and smoke emissions have been the focus of concern for many
communities living adjacent to heavily industrialised areas. Energy efficiency can
address both the macroscopic and microscopic aspects of atmospheric pollution.’

The arguments for the adoption of formal energy efficiency initiatives at a local or
municipal level are, therefore, compelling. National Government has taken a bold
step in launching an Energy Strategy within the context of a coal-based economy,
and local authorities are encouraged to follow that lead.

1.2 Objectives

The main objective of this State of Energy Report is to provide a background and
basis for the development of an Energy Strategy for the CoJ. This is achieved by
delivering three key outputs as follows:

Provide a snapshot overview of energy supply and demand patterns
within the boundaries of CoJ. This is achieved by compiling an energy
balance covering all sectors and all energy sources;

Detail sector-by-sector energy synopses. These include recent trends in
energy usage patterns, reporting data deficiencies where identified,
linkage to investigative work carried out by others, and information
regarding current and future initiatives in energy efficiency;




City of Johannesburg State of Energy Report 2008

Identify Sustainability Priorities on a sector-by-sector basis. These
include issues such as access to energy supplies, energy affordability,
climate change, atmospheric pollution as a result of fossil fuel
combustion, social welfare and employment

The Sustainability Priorities are provided in the format of a single-sentence
statement which encapsulates the essence of that theme. It is evident that some
repetition across several sectors will be inevitable (i.e. pollution abatement).
However, for ease of readership the Sustainability Priorities are grouped into the
following three headings:

Environmental Sustainability

This encompasses the sustainable procurement of natural resources, as well as
the manner in which the use of those resources impinge upon the atmosphere,
natural water systems, and terrestrial ecological systems in general. For energy
usage these aspects would include fossil fuels extraction, effluent production as a
result of energy conversion, and atmospheric pollution arising from combustion of
fossil fuels. The latter may be broadly split into two areas: local pollution which
directly affects the liveability of the Municipality (Oxides of Sulphur, Oxides of
Nitrogen, particulate emissions, smoke, etc) and CO2 emissions which result in
Climate Change effects at a global level. Both of these are directly linked to
energy usage and are mitigated by improvements in energy efficiency and the
uptake of renewable energy sources.

Economic Sustainability

An economically sustainable outlook is paramount for the ongoing development of
South Africa’s business sectors. Not only should energy be affordable to all, but
local industry and commerce should be empowered to undertake their operations
at least energy cost. This factor is determined by the level of energy efficiency
achieved within an enterprise, as well as the cost implications of delivering that
energy. This premise is equally relevant to the Governmental and Residential
Sectors, such that affordable and efficiently-used energy resources contribute
significantly to the general wealth of the population, and allow the Authorities to
maximise spending where it is needed most.

Social Sustainability

This area again relates to energy affordability, but also to employment and health
issues. It is self-evident that an improvement in environmental conditions through
reducing atmospheric emissions will have a direct knock-on benefit with regards
public health. Furthermore, the judicious use of energy has several positive spin-
offs in terms of job creation, due to enhancement in the performance in the
economic sector, as well as creation of a new energy efficiency sector itself.

1.3 Approach

The structure of this report takes each demand-side sector and each supply-side
energy source as stand-alone report sections. Within each section all the
pertinent issues are discussed, such as usage data, sustainability priorities,
legislation, policy, efficiency opportunities, etc.
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The approach to the compilation of this report has been, in the main, research-
based. All data inputs and sector synopses have been compiled using the best
available information, supplemented by discussions and interviews with
stakeholders. The project did not commission the collection of new data from
previously unknown sources; rather it makes recommendations based on data
gaps identified during the course of the investigation. As such, the importance of
identifying and liaising with stakeholders cannot be over-emphasised. Stakeholder
groups included data providers, sector representatives, policymakers, energy
suppliers and service providers.

1.4 The CoJ in Context

Johannesburg is the economic and financial hub of South Africa, producing 16% of
South Africa’s Gross Domestic Product (GDP) and accounting for 40% of
Gauteng’s economic activity. Gold mining is the foundation of the Witwatersrand
economy although its importance is gradually declining. Johannesburg is the
centre of mining administration and service, manufacturing (steel and cement),
commercial companies and finance within South Africa. The Johannesburg
municipal area covers 1 644 square kilometres through the merger of 5
independent municipal areas in 2000. More than 70% of South African companies
have their headquarters in the City.

Figure 1.4: Map of CoJ’s Administrative Regions
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In 2006, the City was restructured from eleven administrative regions to seven
regions to improve service delivery and planning within the City. These seven
administrative regions are Region A — Diepsloot and Midrand, Region B —
Northcliff and Randburg, Region C — Roodepoort, Region D — Greater Soweto,
Region E — Sandton and Alexandra, Region F — Inner City, Region G — Ennerdale
and Orange Farm. The geographical location of these administrative regions is
shown in Figure 1.4.

The Economy

The City of Johannesburg generates a Gross Geographic Product (GGP) of
approximately R117 billion, which equates to forty percent (40%) of Gauteng’s and
sixteen percent (16%) of South Africa’s Gross Domestic Product (GDP). This
makes Johannesburg the largest single contributor to South Africa’s GDP. Twenty
percent (20%) of all of South Africa’s exports originate from Johannesburg and
thirty-nine percent (39%) of the country’s exports pass through the City®.

Johannesburg’s economy is growing faster than its population growth and its
average per household income is higher than that for the country as a whole. The
areas of greatest employment are the financial and business services sector
(22%), followed by the manufacturing (20%), trade (19%), and community and
social services (18%) sectors”.

Investment in Johannesburg increased on average by 2.6% per year from 1990 to
1999 with the highest investment growth rates experienced in the transport /
communication and retail sectors. Over the same time period, the electricity and
construction sectors experienced the greatest decline in investment. This move
towards more knowledge based business has resulted in the emergence of a
greater informal business sector to provide income to the residents of the City. In
the same five year period (1990 to 1999) employment in this sector more than
doubled from accounting for 9.6% of the total employment, to accounting for 16%
of all jobs.

The Ecosystem

Johannesburg City Parks takes care of 18,500 hectares of open space and green
areas which is made up of trees, parks, developed and undeveloped open spaces,
cemeteries, nature reserves, river and hiking trails, pavements and bird
sanctuaries. There are over 10 million trees within the City, of which 1.6 million
are street trees. There are 2,328 parks with the City, the most important of which
is the Walter Sisulu Botanical Gardens. The parks and nature reserves are home
to a variety of flora and fauna species. However, only 1.38% of Johannesburg is
formally conserved as natural areas, compared with the International Union for the
Conservation of Nature’s recommended 10%".

3 State of Environment Report, 2003

* CoJ Development Plan 2001/2002
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The People

Johannesburg has a population of 3.88-million spread over 1.2-million
households®. Of this population, 40% are under the age of 24. Quality of life in
Johannesburg is variable and unequal, with 70% of the population earning a per

capita income of less than R 25,000 (compared to an average GGP of R 33,000 /
annum for the city as a whole)®.

By 2010, the population demographic is expected to change from the 2000 figures
in the following way®:

Black population to increase from 72% to 74.7%;
Coloured population to remain constant at 6.5%;
Asian population to increase from 3.7% to 4%, and
White population to decrease from 17.4% to 14.8%

The HIV / AIDS epidemic, together with the low fertility rate in Johannesburg, are

expected to have a significant impact on these demographic trends, which is
reflected in the low growth rates.

® Statistics South Africa 2007 community survey

® CoJ Development Plan 2001/2002
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2. Municipal Energy Balance

2.1 Introduction

The presentation of energy statistics expressed in natural units in the form of
commodity balances between the supply and use of the energy commodities
provides a check on the completeness of the data and a simple means of
assembling the main statistics of each commodity so that key data are easily
obtained. Because fuels are mainly bought for their heat-raising properties and
can be converted into different fuel products, it is also helpful to present the supply
and use data in energy units. The format adopted is termed the energy balance
and allows users to see the fuel conversion efficiencies and the relative
importance of the different fuel supplies in their contribution to the economy. The
energy balance is also the natural starting point for the construction of various
indicators of energy consumption (for example consumption per capita or per unit
of GDP) and of energy efficiency.

Primary and Secondary Energy

Energy commodities are either extracted or captured directly from natural
resources (and are termed primary) such as crude oil, hard coal, natural gas, or
are produced from primary commodities. All energy commodities which are not
primary but produced from primary commodities are termed secondary
commodities. Secondary energy comes from the transformation of primary or
secondary energy. This concept is illustrated in Figure 2.1.

Figure 2.1: Primary and Secondary, Renewable and Non-renewable energies’
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Renewable and Non-renewable Energy

Primary energy commodities may also be divided into fuels of fossil origin and
renewable energy commodities. Fossil fuels are taken from natural resources
which were formed from biomass in the geological past. Renewable energy
commodities, apart from geothermal energy, are drawn directly or indirectly from
current or recent flows of the constantly available solar and gravitational energy.

Demand-side and Supply-side sectors

The structure of this report is broadly classified across what are termed Demand-
side and Supply-side sectors. Demand-side refers to the energy end-users, and
these are largely the economic sectors within the energy picture, such as the
domestic household sector, transport sector, industry, etc. In balance with these is
the Supply-side sector which refers to the classifications of both primary and
secondary energy types which are distributed to the demand-side for use. These
include coal, electricity, renewable energy, etc.

The Energy Balance

The energy balance takes all available quantitative data for demand-side and
supply-side primary and secondary energy types, and presents these data in an
energy balance-sheet. The outcome is, therefore, a concise (one-page) document
from which the reader can establish energy flows into and out of the Municipality,
as well as how energy is distributed amongst the demand-side users.

The broad methodology used in compiling the Energy Balance for the CoJ is as
set out by the International Energy Agency®. Although undertaking energy
balances on a national scale requires detailed investigation into supply and
demand networks, as well as consideration of power generation efficiencies, etc.
the balance undertaken here has been simplified. This has partly been
necessitated by data inadequacies, and partly by the fact that much of the energy
balance template is simply not relevant to the CoJ. For example, the Municipality
contains no power stations, and imports all its solid fossil fuel in the form of coal.
Very little data is available regarding existing renewable projects within the CoJ,
although it is known that solar water heating is being used in some households.
The renewable energy section of the energy balance is largely left empty pending
improvements in future data collection practices.

2.2 Data
The data included in CoJ’s energy balance are elaborated and explained within
each of the demand-side and supply-side sections of this report. It is presented in
units of Terajoules (TJ) on a gross calorific value basis.

2.3 Energy Balance

The energy balance is presented in Table 2.3.

8 |EA Statistics Manual, 2005
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Table 2.3: Aggregated Energy Balance for the City of Johannesburg

Terajoules (TJ) on a gross calorific value basis. Red highlight indicates incomplete data.

‘Non—Energy Use

|Electricity Generated-GWh

SUPPLY _ o Ey 5 o EE 23 2 2z 4
CONSUMPTION © 8x 2 = 83 25% g 2
|Indigen0us Production | - | - | - | | - | - | - | 380
[imports a9 Nl 93,665 | 1,690 | [ Nl - 153,125
|Exp0rts | - | - | - | | - | - | - |
|Internati0na| Marine Bunkers | - | - | - | | - | - | - |
|stock changes [ - - - | - - -
’Total Primary Energy Supply ’ - | 93,665 | 1,690 ’ - ’ - | - | 153,505
|Transfers [ - - - | - - -
|Electricity Plants | - | - | - | | - | - | - |
[cHP Plants | - - - | - - -
|Heat Plants | - | - | - | | - | - | - |
(Gas Works I - - - I - - -
|Petroleum Refineries | - | - | - | | - | - | - |
|Coa| Transformation | - | - | - | | N | N | - |
|Liquefacti0n Plants | - | - | - | | - | - | - |
|Other Transformation | - | - | - | | - | - | - |
|OwnUse | -| -| | | '| '| |
[Distribution Losses | - - - | - - - 7.585
’Total Final Consumption -’ - | 93,665 | 1,690 ’ - ’ - | - | 145,920
|Industria|, Commercial and Agricultural sectors _| - | 1,958 | 1,451 | - | - | - | 29,079
|Transponation sector | - | - | 89,991 | | - | - | - | 89,991
|other sectors [ 74 | - - | - - - 74
Public Services s | - Bl | - - Bl <) - 1089
|Residential 1,155 | - 1,716 | 239 | - - - 25,167
|Non—Speciﬁed - | - | | - | - | - | 570
| | | | | |
I I I I I -
I I I I I - |

|Heat Generated-TJ
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2.4 Emissions

Emissions resulting from on-site combustion of fossil fuels, and from the use of
fossil fuels for power generation, fall broadly into two categories. The first is a
group of local pollutants which have detrimental effects upon the breathable
atmosphere and human health; these include Sulphur Dioxide, NO,, Ozone,
Carbon Monoxide and particulate matter. The second is Carbon Dioxide (CO,).
Whilst CO, does not cause direct harm to human health it is the major contributor
worldwide to Climate Change, the long-term effects of which are well-documented
elsewhere. It is important to remember that although electricity is frequently
perceived as a clean energy source, creating no local pollutants, the effects of
power generation and use are indeed felt elsewhere in South Africa and beyond.

In order to determine the ambient air quality within the City of Johannesburg, six
air monitoring stations were established across the city®. These stations are
located at Alexandra, Buccleuch, Delta Park, Jabavu, Newtown and Orange Farm.
(See Figure 2.4).

The stations at Alexandra, Jabavu and Orange Farm were established to measure
emissions from domestic fuel burning as a significant proportion of households use
coal for heating and cooking purposes in these areas. The station at Buccleuch is
located at the intersection of the two main highways, the N1 and M1, to measure
vehicle emissions. The Newtown station measures urban, commercial and
industrial emission within the Johannesburg Central Business District (CBD). The
Delta Park station was originally intended to measure background urban
concentrations, but can no longer be considered as such as the concentrations
recorded here compare favorably with those recorded at the other stations.

An additional five stations have been proposed at City Deep, Rietvlei, Chiawelo
(Soweto), Ivory Park and Diepsloot (Figure 2.4). The stations located at Diepsloot,
Chiawelo and Ivory Park will measure domestic fuel burning emissions. Rietvlei
will be representative of background rural concentrations. The City Deep station
will measure urban, commercial and industrial emissions within the area.

This section of the report summarises the results of the air quality monitoring
programme by listing the concentrations of the various priority pollutants measured
at each of these stations.

° State of Air Report 2007
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Figure 2.4: Location of established (red) and proposed (blue) air monitoring

stations
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2.4.1 Local Pollutants

Sulphur Dioxide (SO,)

SO; is a colourless gas that has a pungent, unpleasant odour. It is produced
primarily by the burning of fossil fuels domestically and in industry, and secondarily
by vehicles. Exposure to SO, in ambient air has been associated with reduced
lung function and an increased incidence of respiratory diseases, amongst others.
Highest daily averages and the number of times the limit has been exceeded in 24
hours at the various stations for 2006 and 2007 is provided in Table 2.4.1.3.1%°

Table 2.4.1.1: SO, monitoring results

Highest Daily Average 24-hour exceedances
Monitoring Station ppb (>48ppb)

2006 2007 2006 2007
Alexandra 30.32 73.87 0 (0%) 2 (1.10%)
Buccleuch 53.7 35.71 1 (0.27%) 0 (0%)
Jabavu 56.81 48.15 4 (1.10%) 1 (0.55%)
Orange Farm 53.5 28.85 2 (0.55%) 0 (0%)
Total 7 3

Oxides of Nitrogen (NOy)

Nitrogen dioxide is a highly toxic, reddish brown gas that is created primarily from
fuel combustion associated with industrial processes and vehicles. It creates an
odorous brown haze that causes eye and sinus irritation, blocks natural sunlight
and reduces visibility. It can severely compound respiratory illnesses. Nitrogen
dioxide contributes to the creation of acid rain and adversely impacts forests and
other ecosystems. Highest daily averages and the number of times the limit has
been exceeded in 24 hours at the various stations for 1006 and 2007 are provided
in Table 2.4.1.2°.

Table 2.4.1.2: NO, monitoring results

Highest Daily Average 24-hour exceedances
Monitoring ppb (>300 ppb)
Station

2006 2007 2006 2007
Buccleuch 316.26 305.77 4 (1.10%) 1 (0.55%)
Delta Park 60.08 72.87 0 0
Newtown 277.62 200.6 0 0
Total 4 1

19 sate of Air Report, 2007
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Particulate Matter (PMyg)

PMy, is a measure of fine particulate matter in the air, less than 10 micro-metres in
diameter. These particles can enter the lung and have been linked to adverse
health effects. Data on the highest daily averages and the number of times the
limit has been exceeded in 24 hours at the various stations for 2006 and 2007 are
provided in Table 2.4.1.3".

Table 2.4.1.3: PM,;q monitoring results

Highest Daily Average 24-hour exceedances
Monitoring g/m® (>75 g/m°®)
Station
2006 2007 2006 2007
Alexandra 356.32 466.5 122 (30%) 73 (40%)
Buccleuch 185.37 121 184 (50%) 51 (28%)
Delta Park 115.35 180.31 35 (10%) 28 (16%)
Jabavu 216.42 208.16 154 (42%) 51 (28%)
Newtown 185.46 114.65 88 (24%) 30 (17%)
Orange Farm 222.6 181.55 192 (53%) 78 (43%)
Total 775 311
Ozone (O3)

Ground level ozone is formed in air by the photochemical reaction of sunlight,
nitrogen oxides (NO,), and a variety of volatile organic compounds (VOC). Ozone
is measured because it is a precursor of volatile organic compounds, and it has a
negative effect on the respiratory systems of human beings. Ozone is classified
as a priority pollutant. Ozone limit values are thus contained in SANS 1929 and
are reported in Table 2.1.1.4 as 1-hour (102 ppb) limit values, in the absence of
annual limit values™.

Table 2.4.1.4: O; monitoring results

Highest Daily Average 1-hour exceedances
Monitoring Station ppb (>102pph)
2006 2007 2006 2007
Alexandra 41.11 37.47 0 1 (0.02%)
Buccleuch 32.66 27.26 6 (0.07%) 3 (0.07%)
Delta Park 48.89 41.43 36 (0.41%) 13 (0.30%)
Newtown 47.57 37.17 2 (0.02%) 1 (0.02%)
Total 44 18

™ State of Air Report 2007
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Carbon Monoxide (CO)

CO is a traffic pollutant and as such is only measured at the Alexandra and
Buccleuch stations. No information is provided in the State of Air Report with
respect to daily or annual average concentrations, but the following trends have
been reported for the monitoring period July 2004 to August 2007*%:

Daily average CO concentrations at Alexandra range between 0 — 4 ppm
over the monitoring period

Daily average CO concentrations measured at Buccleuch are higher than at
Alexandra, with ambient concentrations ranging between 0.5 — 5 ppm over
the monitoring period

A seasonal signature is recorded at this Buccleuch station, with elevated
concentrations during the winter months due to poor dispersion potentials.

2.4.2 Carbon Dioxide (CO,)

Carbon Dioxide is the most important of a group of gases collectively termed
Greenhouse Gases (GHG). Whilst CO, is a bi-product of many naturally occurring
processes, such as respiration, it is the human-induced upset of the natural
balance of these gases in our atmosphere which contributes towards Climate
Change. Other GHG include N,O, methane and some refrigerants and
propellants. From an energy perspective, CO, is perhaps the most readily
influenced GHG by means of enhanced energy efficiency, fuel-switching and
increased use of renewable sources.

Global human-induces climate change has been recognised by the international
scientific community for some years, and the Inter-governmental Panel on Climate
Change (IPCC) acknowledges climate change as a reality. Changes in the
balance of worldwide climate have already been observed and it is likely that
climate change will have a profound impact upon all facets of human existence in
South Africa.

Table 2.4.2.1 and Figure 2.4.2.1 provide details of annual CO, emissions by
energy end-users as attributed to the various Demand Sectors within the City of
Johannesburg.

12 state of Air Report, 2007
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Table 2.4.2.1: 2007 CO, emissions by energy end-users®?

End-users/Sectors GJ/annum tCO2e/annum tCO2 %

Household Electricity 21,677,500 5,769,085

Household Paraffin 1,716,000 95,341

Household Gas 239,000 13,279

Household Biomass 380,000 0

Household Coal 1,155,000 96,258

Household Sub-total 25,167,500 5,973,963 30.6
Local Authority Electricity 1,039,334 276,600

Local Authority Sub-total 1,039,334 276,600 1.4
Industry Electricity 25,670,289 6,831,696

Industry Paraffin 9,036 502

Industry LPG 56,997 3,325

Industry Coal No data available

Industry Furnace Oils 110,424 7,976

Industry Diesel 1,767,435 122,748

Industry Petrol 15,047 1,003

Industry Gas 1,451,000 80,618

Industry Sub-total 29,080,228 7,047,868 36.1
Transport Petrol 58,376,708 3,892,092

Transport Diesel 31,613,907 2,195,586

Transport Sub-total 89,990,615 6,087,678 31.1
Other Coal 74,000 6,167

Other Electricity 570,000 151,863

Other Sub-total 644,000 157,863 0.8
Total (Sectors) 145,921,677 19,543,971 100

13 Excludes energy associated with electricity distribution losses
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Figure 2.4.2.1: 2007 CO, emissions by energy end-users
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The data shown in Table 2.4.2.1 is re-formatted by end-use energy type and
illustrated in Table 2.4.2.2.and Figure 2.4.2.2:

Table 2.4.2.2: 2007 CO, emissions by energy carrier

End-use energy source tCOze/annum tCO2 %
Electricity 13,029,077 66.67
Paraffin 95,843 0.49
LPG 3,325 0.02
Furnace Oils 7,976 0.04
Coal 102,425 0.52
Natural Gas 93,896 0.48
Petrol 3,893,095 19.92
Diesel 2,318,334 11.86
Total 19,543,971 100
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Figure 2.4.2.2: 2007 CO, emissions by energy carrier

Electricity
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The influence of electricity usage upon the municipal CO, footprint can be clearly
seen with reference to Figure 2.4.2.2. The salient fact here is that although locally
electricity is seen as a clean, pollution-free energy source, the impacts of its
generation are felt elsewhere via the huge amounts of CO, emitted from South
Africa’s largely coal-based generation plant as described in Section 4.2.
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3. Sector Energy Demand
3.1 Introduction

This section deals with energy consumption from the users’ perspective. The
importance of addressing the Demand Side, as it is termed, is of paramount
importance when considering energy strategies and outcomes on a local scale.
Whilst Supply Side data is frequently readily available (from the distribution
companies, for example) the same cannot be said for demand side data.
Experience has shown that information on sectoral energy demand can be difficult
to access and even more difficult to interpret. Quite frequently end-users are
reluctant to divulge energy statistics on the grounds of sensitivity, or confidentiality,
and sometimes it is found that the data requested is simply not recorded or not
available at all.

The data presented here, therefore, have been established from numerous
sources which are referenced accordingly. No attempt is made to verify these
data by spot surveys or audits, as these activities are outside the scope of this
report. It is worth noting, therefore, that the validity of the information contained in
this section is subject to the accuracy of the specific methodologies which were
employed in their calculation. No account can be made for inadequate or
unrepresentative data collection, nor can allowance be made for errors in the
presentation of the original data itself. All steps have been taken to reproduce the
source data in their original context and any subsequent analyses are made with
the best information available at the time.

Despite data weaknesses, the strengths of a demand-led approach are significant.
In particular is the enhanced ability to identify specific sectoral trends and
opportunities for energy efficiency and DSM. When considering the demand side
in collaboration with sector variables (i.e. industrial GDP or vehicle mileage) it is
also possible to derive sectoral energy indicators which describe the present and
past performance of that sector. Such indices are invaluable for tracking progress
with regard to efficiency targets, and for making inter-sectoral comparisons
between similar industries or transport modes, for example.

Analysis of the energy demand, by sector, is the departure point for discussion of
the State of Energy in the CoJ. A necessary component, therefore, is a
comprehensive demand-side energy database. Data should be disaggregated as
far as possible within each sector; the greater the level of disaggregation the
greater the validity and value of subsequent sectoral analyses. Presently,
however, there is no central location within the Municipality responsible for data
collection, and future consideration must be given as to where this function should
reside.

In each of the sectoral analyses which follow — Household, Local Authority,
Industrial and Commercial and Transport — an overview is given of the sector,
followed by presentation of available data with recent trends and energy efficiency
initiatives undertaken. Each section closes with a listing of Sustainability
Objectives identified under headings of Environmental, Economic and Social
sustainability.
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3.2 Household Energy Demand
3.2.1 Household Sector Overview

Johannesburg, with a population of 3.88 million spread across 1,165,014
households, is characterised by its youthful residents, with approximately 63
percent of the population under the age of 34. The City® population is growing
steadily, largely as a result of migration from other parts of the country, and the
number of households is increasing, placing huge demands on economic and
social infrastructures.

The quality of living among the people of Johannesburg is extremely variable and
unequal. Whilst the City enjoys a per capita GGP of some R 33 000 per annum,
incomes are distributed highly unequally with some 70% of the population earning
per capita incomes of less than R 25 000 per annum.  Today, half of the
population is located in the southern traditionally black areas of the city, with future
population growth projected to be strongest in the north-western part of the city.
The following movements of the population are expected™*:

. Out-migration from the Diepkloof, Soweto and Orange Farms areas, to the
extent that the population in these regions is projected to be almost constant
up to 2010;

. In-migration to the Roodepoort region, including the north-western parts of

Randburg, to the extent that this area is projected to have the most rapidly
growing population up to 2010;

. In-migration to the Inner City and surroundings and the southern areas by
Africans, accompanied by out-migration from this region by minority groups,
especially Whites;

. In-migration to Diepsloot, Midrand, Sandton and Alexandra, except by
Whites, among whom there will be out-migration.

Population

Table 3.2.1.1: 2007 Household numbers and population™

Statistic Estimate
Number of Households 1,165,014
Total Population 3,888,180
% not economically active 29.1%
% unemployment 20.8%
% employment 50.2%

4 CoJ City Development Plan 2001/2002

!5 Statistics South Africa 2007 Community Survey
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Table 3.2.1.2: 2007 Population by age group™

Age Bracket Estimate %
0-4 377,996 9.7
5-14 610,382 15.7

15-34 1,476,299 38.0
35-64 1,247,082 32.1

>65 176,421 4.5
Total 3,888,180 100

Employment

Table 3.2.1.4 provides an overview of employment statistics within various

economic sectors.

Table 3.2.1.4: 2007 Employment profile

Employment Sector Population %

Manufacturing 325,962 16.7
Community, social and personal services 261.550 13.4
Wholesale and retail trade 284,972 14.6
Finance, real estate and business services 296,684 15.2
Transport, storage and communication 93,690 4.8
Construction 117,112 6.0
Agriculture, forestry and fisheries 13,663 0.7
Utilities supply 17,567 0.9
Mining and quarrying 33,182 1.7
Other, undetermined and informal 507,484 26.0
Total 1,951,866 100
Housing

In terms of housing, some 78% of the population live in formal dwellings with

18.8% living in informal settlements.

In total, there is in the region of 219,000

informal dwellings in the Municipality. The dwelling profile for 2007 is provided in

Table 3.2.1.5.
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Table 3.2.1.5: 2007 Dwelling profile™

Dwelling Type Number %
House or brick structure on a separate stand or yard 611,632 52.5
Traditional dwelling made of traditional materials 4,660 0.4
Flat in block of flats 109,511 9.4
Town/cluster/semi-detached house 73,396 6.3
House/room/flat in back yard or garden 86,211 7.4
Informal dwelling or shack in back yard 97,861 8.4
Informal dwelling or shack not in back yard 121,162 10.4
Room or flat not in back yard but on a shared property 20,970 1.8
Caravan, tent, private ship or boat 39,611 3.4
Total 1,165,014 100

3.2.2 Presentation of Energy Data

Municipality energy usage data for the residential sector are currently
disaggregated and sketchy, with no consolidated effort yet made to compile an
accurate domestic energy usage database. Whilst the available electricity usage
statistics for this sector are considered to be reasonably accurate, they are
assimilated from the two electricity suppliers, namely Eskom and City Power.
Data aggregation for other energy carriers has been estimated and calculated
from a number of different sources.

Table 3.2.2.1 shows an overview of the major energy carriers used by the
domestic sector in CoJ, and aligns each against the major user activities: cooking,
heating and lighting.

Table 3.2.2.1: Breakdown of energy source for heating, cooking and lighting in
CoJ households in 2007

Energy Cooking Heating Lighting

Carrier/Source

Households % Households % Households %
Electricity 1,027,543 88.2 986,767 84.7 1,041,523 89.4
Gas 12,815 1.1 13,981 1.2 2,330 0.2
Paraffin 119,996 10.3 101,356 8.7 39,611 3.4
Wood 2,330 0.2 15,145 1.3 0 0
Coal 1,165 0.1 29,125 2.5 0 0
Solar 0 0.0 0 0.0 1,165 0.1
Candles 0 0.0 0 0.0 74,560 6.4
Other 1,165 0.1 18,640 1.6 5,825 0.5
Total 1,165,014 100 1,165,014 100 1,165,014 100
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It is evident that the majority of households use electricity as the main energy
source for cooking, heating and lighting; followed by paraffin for cooking and
heating, and candles for lighting. Biomass and gas each make up small
percentages of overall energy use.

Figure 3.2.2.1 provides a graphical summary of these data by showing the
percentage households making use of these various energy sources.

Figure 3.2.2.1: Household energy mix
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Cursory analysis of the data above clearly indicates that the most important
energy carrier, by far, is electricity. This is followed by paraffin and, to a lesser
extent, coal and gas. Candles remain a significant source of lighting for
residences not yet connected to the grid electricity supply.

The use of LPG for cooking has become somewhat more prevalent amongst
higher-income households, but remains a small percentage of the overall picture
due to prevailing misconceptions surrounding its safety. The use of coal as a
domestic fuel is far less prevalent than would be expected so close to the mining
hub of the country. Renewable sources, in the form of solar energy, have yet to
make any significant impact upon the statistics shown. Renewable energy is
discussed in more detail elsewhere in this report.
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Household Energy Data Summary

Table 3.2.2.2: Summary of Household Energy Usage for CoJ

Energy Carrier MWh/annum GJ/annum % of Total
Electricity 6,021,542 21,677,500 86
Paraffin 476,670 1,716,000 7
Egoli Gas 66,390 239,000 1
Coal 320,830 1,155,000 5
Fuelwood 105,700 380,000 2
Total 6,991,132 25,167,500 100

Household Energy Intensity Indicator

An overall energy intensity indicator may be established using combined
electricity, fossil fuel and biomass consumption data as a function of head of
population. The energy data used is broken down into its constituents in the
following paragraphs.

Household sector Energy Intensity Indicator
GJ/head of population

Energy Intensity 6.47

Electricity

In 2007 the number of domestic customers, or domestic metered points, with legal
electricity connections within the CoJ was 580,542. These customers account for
private single residential connections (440,214), private multiple-user residential
connections (8,227) as well as those connections to prepay customers (132,100).
Data obtained by the StatsSA Community Survey 2007, however, indicate that
there exist in excess of 1,000,000 households within CoJ which habitually utilise
electricity for cooking and lighting purposes at least. The difference may party be
accounted for by the 8,227 multiple residential connections, which are estimated to
account for some 200,000 households, together with illegal connections which are
obviously absent from these statistics.

Table 3.2.2.2: Electricity usage within the residential sector

Connection classification MWh % kWh/connection/annum
Single residential connections 4,648,630 77.2 10,560
Multiple residential connections 1,095,922 18.2 133,210
Prepay residential connections 276,990 4.6 2,097
Total 6,021,542 100 10,372
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In terms of energy usage data, City Power and Eskom together reports that total
electricity sold during 2007 within the CoJ was almost 13,166,905MWh of which
45.7%, or 6,021,542MWh, is accountable to the household or residential sector.
The residential portion may be disaggregated further as follows:

Paraffin

Census data indicates that around 120,000 households habitually utilise paraffin
as a source of energy for cooking, heating, lighting, or a combination of all three.
As access to costly domestic electrical appliances is limited amongst poorer
households, it is thought that the majority of paraffin users will fall within the low-
income household bracket. The Energy Development Research Centre (EDRC)
has carried out quantitative analysis of energy usage amongst low-income groups
and Table 3.2.2.3 is extrapolated from this research. Also shown in Table 3.2.2.3
are the values subsequently used in Table 3.2.2.4 for estimating the overall
household sector energy usage accountable to paraffin.

Table 3.2.2.3: Annual paraffin consumption indicators in low income households,
by end-usage™®

End User Use, litres/annum Energy, MJ/annum Energy, MJ/annum
Min Max Min Max Value used
Cooking 162 252 5,994 9,324 7,600
Space Heating 126 196 4,662 7,236 4,700
Water Heating 72 112 2,664 4,128 3,400
Lighting 60 101 2,220 3,732 3,000

Table 3.2.2.4: Annual paraffin energy usage in low income households

End User Energy, MJ/annum Households Total GJ/annum
Cooking 7,600 119,996 911,970
Space Heating 4,700 101,356 476,373
Water Heating 3,400 101,356 344,610
Lighting 3,000 39,611 118,833
Total - - 1,851,786

It should be noted that the analysis shown here relies wholly on research data
which was carried out by sampling methodology and which is how ten years old.
This analysis can, however, be compared with paraffin sales data provided by
SAPIA. During 2007 total paraffin sales via ‘general trade’ were accounted as
1,716,000GJ within the CoJ municipal boundary. It can be seen that this figure is
in the same order of magnitude as the total calculated in Table 3.2.2.4, thereby
lending a degree of confidence to the end user calculations and consumption
indicators.

16 Energy Services In low-income urban South Africa: A quantitative assessment, EDRC, 1996
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As a measured figure, 1,716TJ per annum is taken as the domestic paraffin
contribution to the CoJ Energy Balance. More accurate assessment and
measurement methods should, however, be considered and implemented in
readiness for future studies and energy efficiency monitoring.

Egoli Gas
The distribution of Sasol Gas via the Egoli Gas reticulation system delivers clean-
burning gaseous fuel to households, as well as to industry and commercial sites.

Gas usage data for households and flats is shown in Table 3.2.2.5. The data
shown relate to the Financial Year ending 20™ June 2007.

Table 3.2.2.5: Annual (2006/7) Gas Usage for CoJ Households

End User Energy, GJ/annum
Single Households 97,000
Multiple Dwellings 142,000
Total 239,000

Coal

Many areas of Johannesburg still utilise coal for the majority of their household
energy needs. Large scale burning of coal in inefficient appliances results in
significant levels of emissions to air, which in turn creates pockets of poor air
qguality. Notwithstanding this, there is limited reliable data available regarding
guantities of household coal usage in the summer and winter months. The
Department of Minerals and Energy has published baseline data which was
collected as part of the Basa Njengo Magogo (BNM) demonstration programme.
The Tembisa BNM demonstrations were undertaken during the summer of 2004
and 2005 (November to January) and the winter period of 2005. The findings of
the baseline study indicated that the average monthly coal expenditure at that time
was R112 for 136 kg of coal. This would equate to about R0.80/kg, which is
correct if a 50kg bag cost R40 in 2004/05.

The 2007 Community Survey undertaken by StatsSA indicated that 29,125
households make use of fuel for heating purposes. It is estimated, therefore, that
annual domestic coal usage for the CoJ is some 47,500tonnes, equivalent to
1,155TJ.

Fuelwood

The use of fuelwood for cooking and heating is prevalent mainly within rural and
peri-urban communities. The StatsSA 2007 Community Survey data suggests that
the total number of households utilising wood for heating is in excess of 15,100, of
which some 2,300 also burn wood for cooking purposes. National data for
fuelwood usage is fragmented and this study utilises information supplied by the
knowledge network on sustainable household energy in Southern and Eastern
Africa’’. According to data collected, the total fuelwood energy supplied to

Y http://www.sparknet.info
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households nationally during 1996 was equivalent to 16,822GWh and supplied
2.4million residences. This implies that per household fuelwood energy demand is
in the order of 7,000kWh per annum.

Consequently, total household fuelwood energy supply for the CoJ is estimated to
be 105,700MWh per annum, or 380TJ.

Candle usage for lighting

Although Census returns provide an indication of household candle usage for the
CoJ Municipality, supply-side data relating to quantitative information per
household is not considered complete enough to provide a meaningful analysis
here.

3.2.3 Regulatory and Policy Issues in the Household Sector

Cross-sectoral policy and strategic developments are itemised in synoptic form in
Section 5 of this report. From a household energy perspective, however, the most
important policy developments and statements are as follows:

The Electricity Basic Services Support Tariff (EBSST) was launched by the
South African Government in 2002. It intends to provide a minimum of
50kWh per month per household, to the poorest sectors of the community.
This is discussed further in Section 3.2.5;

National Government has declared that all households will have access to
electricity by the year 2012, through a combination of grid, off-grid and
decentralised grid connections;

Retail prices of paraffin are regulated and are VAT exempt. Safety of
paraffin-using appliances has become the subject of a dedicated safety
association;

The Integrated Environmental Management Plan for the CoJ which targets
a 10% improvement in energy efficiency for new housing by 2010;

The DME is looking at strategies which address low-smoke technologies
for domestic fossil-fuel combustion. This is being progressed via the
Integrated Household Clean Energy Strategy (see later sections);

Other relevant strategies and policies include:

o DME White Paper on Energy;

o DME White Paper on Renewable Energy;

o

Integrated Energy plan for the Republic of South Africa, and

0 The Energy Efficiency Strategy for South Africa.
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3.2.4 Household Energy Efficiency

There exist many, well documented opportunities for increasing energy efficiency
measures in most households. Although several of these interventions do require
some capital outlay on the part of the homeowner, such as energy efficiency
lighting, thermal insulation, and energy efficient appliances, the majority of savings
can be found through simple, no-cost measures. Such home energy management
savings could include the following:

Switching off lights in unoccupied areas of the house;

The use of compact fluorescent lights (CFLS);

Reducing hot water temperature to a minimum level;
Eliminating hot water usage at night-time, by using a timer;
Not overfilling the kettle;

Not overcooling the refrigerator;

Defrosting the deep-freezer regularly;

Sensible use of appliances which use large quantities of hot water, such as
the dishwasher and washing machine.

The list goes on. Another important aspect to consider where household energy
usage is concerned is the issue of appliance efficiency. Today, most common
domestic appliances and electronic devices are available in energy efficient
models; these include light bulbs, refrigerators and washing machines. The crucial
aspect to enhancing uptake of these technologies is, however, public awareness
of savings potential. This is discussed in more detail below.

Awareness and Appliance Labelling

Appliance labelling enables the consumer to make an informed choice regarding
the lifetime running cost of domestic goods. Without such information being made
readily available, and readily understood, there is little chance of householders
reducing their monthly energy spend to a practical minimum.

At the launch of the 2005 Energy Efficiency Month, the Department of Minerals
and Energy unveiled the Government’s plans to introduce energy efficiency labels
for selected domestic appliances. Energy efficiency labels are informative labels
affixed to manufactured products indicating products©energy performance and
efficiency in a way that allows for comparison between similar products or
endorses the products@use. Each product will be tested and graded from A down
to G (G being the poorest performing product in electricity terms). The grading A to
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G is determined by SANAS-SABS and described in the standard for each
electrical appliance™.

The label adopted by the DME was developed in Europe in the 1990s and is used
in its current format in all EU member states. China has a very similar label with
only five levels instead of seven levels and North African countries like Tunisia
have the same label, in terms of A to G visuals, just displayed slightly differently.
According to the DME, the European market has seen a significant transformation
from purchase of G to E products to main purchases currently being made within
categories A - C.

The DME has made the decision to commence the roll-out programme with the
labelling of refrigerators, which commenced during 2005. The decision was made
in consultation with stakeholders, including appliance manufacturers, and is based
on the premise that most electrified households typically purchase a refrigerator as
the first electrical kitchen appliance. The label with the actual marking for a
specific product will be displayed in shops on the specific appliances on display,
and all products legally imported into South Africa, or produced in South Africa, will
additionally carry the Energy Star as an indicator of compliance with domestic
standards. The DME intends to expand the scope of the labelling programme to
include other domestic appliances in due course.

The Low-Smoke Fuels (LSF) Programme

The Low-Smoke Fuels programme initiated by the Department of Minerals and
Energy was the result of a shareholder workshop held in Soweto in 1994.
Comprehensive literature studies and large-scale technical investigations focused
mainly on the impact of coal on the environment, as well as the potential of
introducing low-smoke fuels. In addition, community socio-economic impact and
attitude studies were done.

In brief, the main outcome was that no single solution has the potential to reduce
coal-based residential air pollution. Therefore, the CoJ changed the scope of the
LSF Programme to follow an integrated clean household energy strategy and to
include a combination of approaches as solutions on a cost-effective basis. The
Low Smoke Fuels Programme was extended to include the following principles in
an attempt to reduce household air pollution:

Refining existing ignition methods and appliances for more energy efficient
conversion: the Basa Njengo Magogo (BNM) method, which increases the
efficiencies of braziers and stoves;

Replacement of undesirable energy carriers with less polluting ones;

Reducing the energy requirement in households.

18 http://www.dme.gov.za/energyWebsite/ap_lab.htm
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The Basa Njengo Magogo (BNM) Programme

This refers to the top-down or Scottish-method of igniting a coal fire. The method
involves first placing kindling on top of the coal, instead of the conventional other
way round. The fire is then lit from above, which causes the mbawula, or stove, to
emit less smoke while providing comparable heating.

The BNM method has been demonstrated to use up to 50% less coal than the
conventional method, with an average saving estimated at 25% of a household’s
annual coal expenses™. This equates to around 70kg of coal per month. In
addition to energy and environmental savings, another advantage of the BNM
method is that it does not require any new implements or fuel sources. The user
can therefore use their existing stoves and braziers and the same grade of coal
that they normally use.

The BNM methodology has been implemented in several areas to date. The
headline findings made during these projects are summarised below:

Embalenhle (2000-3) and Zamdela (2003-2004)%°

The implementation of BNM reduces ambient PM concentrations by approximately 50%
and 40% respectively between the sites.

Households that utilise the BNM technology of igniting a coal fire report a minimum
annual saving of R100 on coal consumption.

Orange Farm (2003)*

Retention of the BNM technology was approximately 99% one month, and 49% one
year after the roll-out.

Approximately 61% of households had seen economic and health benefits.

Diepsloot (2005)*

One month after the roll-out, 100% of households were still using the BNM
methodology.

53% of the survey respondents reported savings of about R10 worth of coal per month.

'° phase 1 of BNM Rollout: Region D. 2™ Draft Report, Onke and Matrix +
%% DME 2005, BNM Retention Study: Orange Farm. Final Report, Mayibuye Consulting
1 DME 2008, BNM Pilot Study: Orange Farm. Final Report, Palmer Development Consulting (Pty) Ltd.

2 DME 2005, BNM Rollout: Diepsloot. Final Report, Akanti-Mitiya Consulting

28



City of Johannesburg State of Energy Report 2008

Tembisa (2005)*

68% of households were using the BNM methodology a month after the roll-out.

77% of households reported savings in coal.

85% of survey respondents reported less smoke in the streets.

Emalahleni: Kwaguqga & Hlalanikahle (2006 & 2007)*

A perception that alternate agendas of the community, such as unhappiness due to lack
of service delivery, affected the success of getting the BNM programme here. One
solution proposed was enhanced project exposure through councillors’ participation,
and the media.

Parallel events such as clean-up campaigns, awareness competitions with schools, etc.
could be utilised to expand community exposure to the BNM.

Energy Costs

The CoJ 2008/09 Electricity Tariff Plan has been presented to the Executive
Committee of City Power for consideration, with a view to presenting the plan to
Council during March 2008. This was in regard to Eskom’s approved tariff
increase on multi-year price determination methodology, originally expected at
14.2% to be effective from 1* July 2008.

Taking all purchase costs from Eskom and fuel cost for Kelvin into account, a
minimum increase of 22.12 % was expected, based on Eskom tariff increase
capped at 15.2 % and Kelvin increase at 49.7%. In view, therefore, approval was
sought for an increase of 22 %.

The impact of the originally proposed structural tariff adjustments seemed to be
reasonable for all customer categories. City Power is increasingly moving towards
cost-reflective prices in all categories with the added requirement of affordability
for Domestic Life-Line. City Power is also proposing to increase Lifeline free basic
electricity from 50 kWh to 100 kWh per month. No structural increase on tariff
categories was proposed as City Power is investigating the cost of supply which
will give a better understanding on cross-subsidization within tariff categories.

During March 2008, however, Eskom submitted an application to the National
Energy Regulator of South Africa (NERSA) seeking a 53% price increase
(nominally 60% including inflation) as from April 2008, as opposed to the 14.2%
price increase already sanctioned by the regulator for the 2008/9 financial year.
The bulk of the proposed increase relates to Eskom’s desire to “pass through” the
rising prices associated with coal, which appears to make up about 70% of the
requested increase, with the rising EEDSM costs comprising the balance. At the

%3 DME 2005, Implementation of BNM Technology: Tembisa. Final Report, Menyetia Projects (Pty) Ltd. and
Palmer Development Consulting (Pty) Ltd.

2 Anglo Coal 2006, Vosman BNM Alternative Fire Lighting Method Implementation Project. Palmer
Development Consulting (Pty) Ltd.
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time of writing the revised request was still under consideration by NERSA.
Although many analysts suggest that the full 60% increase is unlikely to be
granted, it is reasonable to expect a recommendation by the regulator to approve
an increase in the 35% to 40% range. This, together with inflationary factors and
National Treasury surcharges, would result in a net price increase for the
consumer of some 50% for the 2008/09 financial year.

Whilst analyses of energy costs per unit of supply are of interest, they do not
reveal comparative energy cost implications for the domestic user. In contrast,
information on average household spend by energy carrier can reveal a great deal
regarding the affordability of energy for individuals and households. This is of
particular relevance to poorer households where is known that up to 35% of
monthly income can be spent on energy supply alone.

The project teams? which are carrying out the BNM rollout in Soweto and
Alexandra were able to undertake baseline studies to identify costs of various fuel
types to households in those areas. These data can be considered typical of the
scenario throughout lower-income households within the CoJ. The data are
shown in Table 3.2.4 and indicate that, on average, most money is spent on
paraffin and electricity, followed by coal. The lowest spend is on wood and gas.
The high expenditure on paraffin is an indication of its frequency of use, as well as
its higher relative cost compared to coal.

Table 3.2.4: Expenditure on Different Forms of Energy

Soweto (2007) Alexandra (2007)

Energy Source

Monthly % Monthly %

Spend, R Spend, R
Electricity 28.30 14.5 86.16 36.3
Paraffin 94.91 48.3 66.36 28.0
Wood 3.59 1.8 10.48 4.4
Gas 12.80 6.5 6.21 2.6
Coal 55.24 28.1 66.95 28.2
Other 1.67 0.8 1.23 0.5
Total 196.51 100 237.39 100

It is pertinent to note that the expenditure data shown in Table 3.2.4 relate in the
majority to low-income households. For Soweto, 43% of the respondents reported
earnings of R1,000 per month, or less, and only 2% earned between R2,500 and
R3,000 per month. In Alexandra 48% of the respondents reported earnings of less
than R1,000 per month, and only 4% earned more than R4,500 per month.

Given the low income levels prevalent within both study areas and the current
reported energy spends, it is clear that surging electricity, coal and oil costs are
having a marked effect upon energy affordability within these households.

% Onke and Matrix+
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3.2.5 Recent Trends in Household Energy Usage
Energy Usage

The following tables indicate the changes in household energy usage patterns
which have been observed over the past seven years. The data was captured via
the 2001 National Census and the 2007 Community Survey, both carried out by
Statistics South Africa. Each table indicates the percentage distribution of
households by energy type for lighting, cooking and heating for 2001 and 2007.
Also indicated in the table are percentage usage shifts from 2001 to 2007, these
indicate the trends in recent household energy usage.

Table 3.2.5.1: Household Energy Trends for Lighting

Energy Carrier 2001, % 2007, % Change, %
Electricity 84.9 89.4 +5.3
Gas 0.2 0.2 0.0
Paraffin 2.5 3.4 +36.0
Candles 12.2 6.4 -47.5
Solar 0.1 0.1 0.0
Other 0.1 0.5 +500.0
Totals 100 100 100

It can be seen that the overall trend for lighting has leaned towards electricity in
recent years, and this bears testament to the success of the electrification
programme for poorer households. It is noted however that there has been a
percentage increase in the usage of paraffin for lighting and it is thought that this
has partly occurred at the expense of the use of candles. The statistical samples
for ‘'solar’ and ‘other’ are too small to make meaningful comparisons.

Table 3.2.5.2: Household Energy Trends for Heating

Energy Carrier 2001, % 2007, % Change, %
Electricity 76.9 84.7 +10.1
Gas 1.6 1.2 -25.0
Paraffin 11.1 8.7 -21.6
Wood 1.7 1.3 -23.5
Coal 6.3 2.5 -60.3
Animal Dung 0.1 0.0 -100.0
Solar 0.2 0.0 -100.0
Other 2.1 1.6 -23.8
Totals 100 100 100

There has been a marked decrease in the energy share for heating for all energy
carriers except electricity, which jumped by over 10% between 2001 and 2007.
Whilst the statistical samples for ‘solar’, ‘animal dung’ and ‘other’ are too small to
make meaningful comparisons, it can be seen that the most significant shift has
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been away from the use of coal for heating purposes, with a decrease of 60% in
seven year. These data, combined with reductions in wood and paraffin use,
again reiterate the progress of the CoJ electrification programme. The drop in the
use of gas by 25% is not fully understood.

Table 3.2.5.1: Household Energy Trends for Cooking

Energy Carrier 2001, % 2007, % Change, %
Electricity 78.8 88.2 +11.9
Gas 1.9 1.1 -42.1
Paraffin 17.8 10.3 -42.1
Wood 0.3 0.2 -33.3
Coal 0.7 0.1 -85.7
Animal Dung 0.2 0.0 -100.0
Solar 0.2 0.0 -100.0
Other 0.1 0.1 0.0
Totals 100 100 100

Household cooking energy use has undergone a significant shift in favour of
electricity. All other energy carriers have decreased in energy share between
2001 and 2007. Most notable amongst these decreases is the use of coal, which
has dropped by 85.7%. The statistical samples for ‘solar’, ‘animal dung’ and
‘other’ are too small to make meaningful comparisons.

The data from the above tables is summarised in Figure 3.2.5. Note that only the
statistically meaningful data is presented here.

Figure 3.2.5: CoJ Energy Usage Trends

CoJ Energy Usage Trends 2001 to 2007
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Demand Side Management (DSM)

Although the household DSM programme relates to this sector, it is considered a
Supply-side issue and is therefore dealt with under Section 4.2.4 of this report.

Free Basic Electricity (EBSST)

The Electricity Basic Services Support Tariff was introduced during 2002 as a
direct subsidy to the poor. The basis of the tariff is the free provision of the first
50kWh per month per qualifying household, thereafter a flat rate of 45.54c/kWh
including VAT?. The free electricity provided, therefore, equates to a household
expenditure saving of R22.77 per month, or R273.24 per annum.

The decision on 50kWh per month was arrived at because research showed that
56% of electrified households nationally consume an average of 50kWh or less.
The allowance is, therefore, intended to meet the basic supply needs of lighting,
media access, limited water heating and basic ironing and cooking for poor
households. EBSST does, therefore, offer a good case study for analysing the
adequacy of electricity subsidies.

Table 3.2.5.2: Household electricity usage with common electrical appliances?’

Appliance Number Power rating Usage Usage
w Hours/day kWh/month
Light bulbs 3 60 5 28
Radio 1 6 4 1
1-plate stove 1 1,000 1 31
Iron 1 1,000 0.25 8
Total - - - 68

The table indicates that the EBSST of 50kWh per month would constitute about
74% of the average poor householder's electricity consumption for lighting,
cooking, ironing and radio. However, the use of Compact Fluorescent Lights
(CFLs) and LPG stoves could reduce the consumption from 68kWh per month to
about 33 — 40kWh per month®®. Under such a scenario the LPG stove would
replace the electric stove and lighting would consume only 7kwWh per month.

A further research project was undertaken by the University of Cape Town during
2003, wherein a decrease in electricity usage was noted within certain rural
communities after the introduction of the EBSST. This may be due to complex
factors. For example, the average power usage may have reached saturation
point based on the affordability of electrical appliances, or lack of funds. The
study also identified that few households responded to EBSST by buying and
using electrical appliances not previously used. In such instances the result would

%6 City Power Electricity Tariffs, 2007/8
" Adapted from Cowan, 2003

8 Banks & NKosi, 2004
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likely be the same expenditure on electricity, but with increased utilisation of basic
electrical appliances. On the other hand, continued suppression of electricity use
in the presence of EBSST would inevitably result in savings in household
expenditure.

3.2.6 Sustainability Objectives
The following table shows those sustainability objectives which are proposed for
the Household sector, grouped into sustainability headings: Environmental,

Economic and Social.

Table 3.2.6: Household Energy Sustainability Objectives
Environmental

1 Increase the uptake of Energy Efficiency programmes in the home

2 Reduce the use of dirty fuels and dirty combustion practices in residential
premises

3 Increase the uptake of Renewable Energy sources for hot water and
electricity

Economic

1 Increase the affordability of, and access to, clean and safe energy sources

Social

1 Reduce the incidence of domestic fires due to unsafe paraffin combustion

2 Reduce the incidence of respiratory disease due to the use of dirty fuels

3 Improve living standards for poorer communities by providing affordable
access to appropriate and affordable energy sources

3.2.7 Sector Summary

Official statistics cite the current population of the City of Johannesburg to be 3.88-
million, spread across 1,165,014 households. There is an extremely diverse range
of housing types and building standards across the municipality, with affluent
residents mainly living in the northern suburbs and more than 70% of the poor
living in the urban townships to the south and on the periphery of the north. In
terms of housing, some 78% of the population live in formal dwellings with 18.8%
living in informal settlements. In total, there are in the region of 219,000 informal
dwellings in the Municipality.

Energy usage in the household sector is generally characterised by the dominance
of electricity, although a diverse range of energy carriers are used within the
sector. Between 85-90% of all domestic energy usage for cooking, lighting and
heating is sourced from electricity, and totals 21,677TJ per annum for the sector
overall. The next most important energy source is paraffin, particularly for poorer
income groups, and its usage appears to be on the increase at the expense of
other non-electrical lighting sources, such as candles. Paraffin accounts for
1,716TJ per annum. At only 1,155TJ per annum, the use of coal as a domestic
fuel is far less prevalent than would be expected so close to the mining hub of the
country. Renewable sources, in the form of solar energy, have yet to make any
significant impact upon the statistics shown.
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3.3 Local Authority Energy Demand
3.3.1 Local Authority Sector Overview
The Executive Mayor, in his State of the City Address on 8" March 2007,
reaffirmed the importance of communities and civil society by stating that the City
remains accountable to the people, that it seeks to serve its citizens and that it
wants people to participate in the quest to improve their quality of life. The City
has sought to capture the complex multiple processes of planning through the
mutually reinforcing processes of:
The Growth & Development Strategy (GDS), for long-term planning;
The five-year IDP, for medium-term planning;
Business planning, for short-term planning);
Performance reporting, for review.
Through these strategy documents, the City seeks to address the challenges of
urbanisation and migration, economic development and job creation, service
delivery, poverty, urban renewal and regeneration, globalisation, information
technology, bridging the digital divide and other related challenges.

Figure 3.3.1: Administrative structure of the City of Johannesburg Municipality.
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3.3.2 Presentation of Energy Data
Large Public Buildings
The public buildings included for analyses here are those 12 (mainly
administrative) buildings which have been earmarked for energy efficiency
interventions, and metering improvements, as part of the Clinton Climate Initiative.
These are summaries in Table 3.3.2.1.

Table 3.3.2.1: Summary of Largest 12 Civic Buildings for the CoJ

Building Name KWh/annum Floor Area, m?  kWh/m?/annum
Dobsonville Unavailable® 2,500 -
Ennerdale Civic Centre Unavailable® 2,065 -
Jabulani Civic Centre 638,000 6,000 106
Lenasia Unavailable®! 1,660 -
Meadowlands Unavailable® 1,162 -
Metro Centre 5,790,000 55,000 105
Museum Africa Unavailable®® 6,266 -
Newtown 250,000%° 2,505 100
JRA Head Office Unavailable®® 17,369 -
Roodepoort City Hall 326,000 2,184 149
Roodepoort Civic Centre 198,000°* 2,880 69
Sandton Civic Centre 1,268,000% 7,824 162
Total 8,470,000 76,357 111

Extrapolating the above performance index to the total served floor area of all 12
large buildings (91,022m?), a broad estimate of total energy usage of 10,104MWh
per annum can be calculated.

The data shown above is further refined and shown in Table 3.3.2.2. The
buildings are sorted in ascending floor area and the units are converted for overall
calculation of Energy Intensity using Gigajoules.

2 Meter appears to be generating erroneous readings

% Cost data only available

% Meter is faulty and giving zero kWh usage data

%2 Data was obtained from one month’s meter reading, but the figure appeared too low to be correct.

%3 Estimated from one month’s meter reading data

36



City of Johannesburg State of Energy Report 2008

Table 3.3.2.2: Large public buildings energy usage data and Energy Intensity (EI)

Building name Energy Energy Floor Area El
GJ kWh/annum m? GJ/m?la

Metro Centre 20,844 5,790,000 55,000 0.39
Sandton Civic Centre 4,565 1,268,000 7,824 0.58
Jabulani Civic Centre 2,297 638,000 6,000 0.38
Roodepoort Civic Centre 713 198,000 2,880 0.25
Newtown 900 250,000 2,505 0.36
Roodepoort City Hall 1,174 326,000 2,184 0.54
Total 30,492 8,470,000 76,357 0.40

It can be seen, therefore, that there is a large statistical spread of energy intensity
indicators amongst the small handful of buildings where at least some information
is available. The recommended course of action for CoJ Municipality is to
assemble Municipality-wide energy intensity indicators for all its building stock, on
an annual basis. The data should be normalised for ambient temperature
variances and used as a targeting tool for energy efficiency improvements.

Prerequisite for such a system to be effective is the existence of sound and
reliable metering systems. It is evident from Table 3.3.2.1 that several of the
existing electricity meters serving the larger buildings of the municipality are either
faulty or not recording at all. This should be rectified as a matter of urgency and,
indeed, a series of metering retrofits is currently being undertaken as part of the
Clinton Climate Initiative programme presently underway in Johannesburg.

Community Development Buildings

The Community Development function includes diverse areas such as arts, culture
and heritage, sports and recreation, libraries, social services and human
development services. The function also encompasses policy development and
support services. The Johannesburg Civic Theatre and Roodepoort Theatre are
part of the Community Development oversight function. Within the Community
Development buildings portfolio are some 450 individual properties, which
represent a significant energy end-user group.

Information for Community Development properties is particularly scant and
individual metered data could not be collated for the purposes of this report. It is
estimated, however, that the 2007/08 energy expenditure across all Community
Development buildings will be in the order of R7.44-million®. Applying an all-in
seasonal energy cost of R0.4/kWh, this implies an annual energy usage of
18,600MWh.

. Reported by Community Development Department
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Water and Wastewater Treatment Facilities

Johannesburg Water is a municipal entity owned by the City of Johannesburg
mandated to provide water and sanitation services to the residents of
Johannesburg. The entity supplies some 650,000 domestic, commercial and
industrial customers. On the supply-side Johannesburg Water maintains and
operates 9,800 kilometres of water distribution pipes, 87 water reservoirs and 33
water towers. On the wastewater side the utility operates six wastewater
treatment works, with a combined process capacity of 900 mega litres per day, 38
sewer pumping stations and 9,600 kilometres of sewer pipelines.

From an energy standpoint, the most significant energy users within this sector are
pumps for water treatment and transfer, and for wastewater pumping and
treatment. In total these are estimated to account for 180,000MWh per annum.

Streetlights and Traffic Signals

It is estimated that the community resident within the CoJ is serviced by some
149,000 streetlights, which consume 80-million kwh per annum®.

About R8-million is currently being spent by CoJ on traffic sighals upgrades for the
conversion of the existing conventional tungsten-filament traffic lights to light-
emitting diodes (LEDs). The LEDs, which will soon be implemented across the
city, are brighter and use about 60% less energy than traditional systems.

LED technology is equally applicable to street-lighting itself. It is noteworthy that
100% application to the City’s traffic signal and street lighting systems would result
in Carbon savings in the order of 46,000tonnes, equivalent to 2.5% of the City's
total Carbon footprint (including distribution losses).

City Power Distribution Losses

As City Power is an independent municipal entity which is wholly owned by the
CoJ, it is considered correct that the distribution losses (technical and non-
technical) associated with City Power’'s supply system should be accountable to
the CoJ Municipality. This is analysed fully in Section 4.2 of this report. It can be
seen from Table 3.3.2.3 that these distribution losses contribute almost 85% of
energy usage, and the Carbon footprint, to the Municipality’s energy balance-
sheet. Any efforts undertaken to minimise distribution losses will, therefore, have
a significant impact upon the Carbon footprint of the local authority.

Local Authority Energy Data Summary

Table 3.3.2.3 highlights electricity usage attributable to sectors where data has
been made accessible, as described earlier within this section. At this stage there
exists no consolidated data collection system for energy usage within municipal-
owned buildings. Furthermore, several of the existing metering installations are
delivering usage data which is extremely suspect.

% City Power Annual Report, 2006 - 2007
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Table 3.3.2.3: CoJ Municipality energy usage data, 2007

Municipal Sector Energy Energy Energy CO;
GJ MWh % tonnes
Buildings 103,334 28,704 1.5 27,498
Water & Sanitation 648,000 180,000 9.5 172,440
Streetlights & Signals 288,000 80,000 4.2 76,640
Distribution Losses 5,776,473 1,604,576% 84.8 1,537,184
Total 6,815,807 1,893,280 100 1,813,762

Energy Intensity Indicators

Using the energy data presented above, and taking energy intensity variables for
large public buildings and Johannesburg Water to be total office floor area (m®)
and CoJ Municipality population respectively, the following energy indicators can
be derived for local authority operations:

CoJ Energy Intensity Indicator for Large Public Buildings
Large Public buildings Energy Intensity 0.40 GJ/m?

CoJ Energy Intensity Indicator for Water & Sanitation
Water & Sanitation Energy Intensity 0.17 GJ/population head

3.3.3 Regulatory and Policy Issues in the Local Authority

National Regulation and Policy

Although current regulations and policies exist which relate to the supply and
usage of energy in its various forms, by various sub-sectors, there is little of
relevance to the Municipal authority itself. While energy policies at national level
do exist, they do not explicitly obligate local authorities at present. The main
exception to this is the Electricity Distribution Industry (EDI) Restructuring Bill
which is discussed below. The NEES provides targets for public buildings and
transport energy efficiency improvements, but these are currently not mandatory.
This shortfall in policy linkage between national and local and provincial levels will
inevitable impede implementation, given that local authorities are often the lead
agents in such cases.

In April 2003, the South African government released a draft Electricity Distribution
Industry Restructuring Bill aimed at overhauling the country® fragmented
electricity-distribution sector by separating the electricity-distribution function from
Eskom and merging its distribution assets with those of the country® municipalities
in order to form six Regional Electricity Distributors (REDs). Under the draft bill,
the municipalities would be able to contract-out the provision of electricity to the

% TAS Online: Technical Report for Johannesburg Water, May 2005

%" Refers to technical and non-technical losses associated with the City Power distribution system only
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REDs through a Service Delivery Agreement, in order to change their role from
one of direct delivery of electricity to overseeing the distribution of electricity by the
REDs.

The draft bill revises the original model, which was to merge the distribution assets
of Eskom, and the municipal distributors to form six regional distributors to be held
under the umbrella of a newly created, government-controlled holding structure
called EDI Holdings, in which both parties would hold shares in accordance with
their contribution to the new bodies. Under the new model, Eskom will neither
control the new entities nor receive any compensation for the divestment of its
assets and instead, the municipalities would hold the REDs to the exclusion of the
utility. EDI Holdings is to be established for an initial period of six years and
mandated to consolidate the country® distribution sector, after which its role would
be reviewed to determine any future course of action.

The unbundling would enable large customers (consuming at least 100 GWh per
year at a single site) to purchase power directly from generators of their choice,
with smaller customers remaining obliged to purchase from regional REDs in the
short term, with the possibility of full competition in the long term for all customers.

Local Policy

The most pertinent item of local (CoJ Municipality) policy which directly refers to
energy efficiency is the Integrated Environmental Management Policy (IEMP) of
the City of Johannesburg, June 2005. Theme 3 of the IEMP states:

The use of fossil fuel to create energy results in negative impacts on people and
the environment, the emission of “greenhouse gases” that contributes to global
warming. South Africa has committed to the objectives of the Kyoto Protocol,
which requires countries to reduce the emission of greenhouse gases. The city
also recognises the importance of energy for social and economic development.
The city is therefore committed to provide its citizens with clean and efficient
energy sources.

The policy document states an energy target of a 10% improvement in energy
efficiency within all council premises and buildings by 2010.

In addition to the IEMP, the City has produced a full five-year Integrated
Development Plan (IDP) covering the five-year political term of office for the period
2006 to 2011. The City developed a set of long-term goals and five-year objectives
that will form the basis of annual business planning and budgeting carried out by
the City on an ongoing basis. The five-year IDP will also be further moulded by
inputs from communities and civil society, as well as direction from the new
political leadership.

CoJ and the Clinton Climate Initiative (CCI)
The CCI objective is to reduce energy use in buildings through a programme

involving the Large Cities Climate Leadership Group (known as the C40), of which
the City of Johannesburg is a member.
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A new procurement and financial model for 12 large council-owned buildings
(referred-to in Table 3.3.2.1) is now in pilot phase, in which energy use will be
reduced through a number of measures. It is the City® intention to expand the
programme to retrofit as many public buildings as possible by 2010. The
programme will include interventions such as lighting retrofits, boiler and
refrigeration plant optimisation, improvements to electrical systems, roof, window
and building improvements.

A second initiative will look at solar power. City Power is currently identifying
areas where solar street lighting can be implemented and appropriate
technologies used. A flexible photovoltaic system, which can be laminated to most
structures, is being explored and City Power is working closely with the CCI to
plan the roll out.

In addition to providing assistance with the BRT operational plan, the CClI is also
working with the City® transportation department to analyse various propulsion
systems and fuel types. The CCI is exploring price discounts for BRT buses for
C40 cities. A traffic congestion workshop will be held in December 2008 where
C40 cities will share their experiences in hybrid diesel and ethanol buses, station
design, fare collection and financing.

Other Energy Efficiency Initiatives — Efficient Pumping Initiative

Johannesburg Water was asked by Johannesburg City in 2005 to submit a Full
Technical Report on the potential energy savings within their various pumping
systems. Johannesburg Water selected the Hector Norris Pump Station for the
initial study into Pump Performance Monitoring, on which the report was to be
based. The energy savings at the Hector Norris site were then to be extrapolated
to cover the entire system, in order to predict the full potential savings across the
Johannesburg Water pumping network.

Hector Norris Pump Station contains three of the largest pumps within the water
supply system, which if left unmonitored will waste large amounts of energy.
Pumps consume and thus waste energy when they are not properly matched to
the system in which they operate, a condition known as Duty Loss. A motor
operating in the incorrect power range will operate inefficiently. Tests performed
on the motors, in operation at Hector Norris, reveal that the high efficiency motors
are operating way below the recommended range, which is causing additional
energy loss within the Hector Norris System. Through the implementation of a
smaller pump to process the smaller flows energy savings exceeding 10% are
possible at Hector Norris Pump Station. However, the study data was limited and
only application of real time monitoring would reveal the full picture.

Significant additional power savings are possible through the use of real time
monitoring to schedule maintenance operations of all pumps greater than 50kW in
size. Monitoring would also highlight potentially damaging pump operation,
allowing Johannesburg Water to correctly prioritise maintenance on pumps
throughout the system. With all of these factors in mind, Total Energy Savings of
10% are within reach for the Johannesburg Water pumps, whilst savings of up to
15% may be achievable. These equate to projected savings (on pumps larger than
50kW) of between 10,800MWh and 16,200MWh per year.
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3.3.4 Sustainability Objectives

The following table shows those sustainability objectives which are proposed for
the Local Governmental sector. The table includes a brief description of each and
objectives are grouped into sustainability headings: Environmental, Economic and
Social.

Table 3.3.4: Local Authority Energy Sustainability Objectives
Environmental

1 Minimisation the CoJ Carbon footprint by achievement of a 10% energy
efficiency improvement in Municipal undertakings by 2010, as stated within
the IEMP

Economic

1 To minimise internal Municipality operational overheads through adoption of
energy efficiency and through minimisation of electrical distribution losses

2 Maintain and improve financial viability and sustainability within the
business sector, thereby promoting economic growth and job creation

Social

1 Promote Health and Safety within the community of CoJ

2 Promote a quality living environment in the City

3 To enhance public education, awareness and participation in green
practices associated with energy

3.3.5 Sector Summary

Electricity is the sole energy carrier considered for the City of Johannesburg
Municipal Authority, its use being spread across a wide variety of functions and
buildings. The most important energy users have been addressed here, and
comprise the largest 12 public administrative buildings, buildings falling within the
Community Development portfolio, street-lighting and traffic signals, and water and
sanitation functions carried out by Johannesburg Water. An additional energy
user is included in this sector; that being the system losses associated with City
Power’s electricity distribution system. These losses comprise technical loss
(associated with resistance and transformer losses, etc) and non-technical loss
(associated with the misappropriation of energy) and together combine to account
for almost 85% of the Local Authority Carbon footprint.

The total energy usage across the sector is estimated at 6,816TJ per annum, but
should be considered against the lack of data availability and poor data integrity
encountered during the research phase of this report. Whilst the data presented
provide a starting-point for energy efficiency monitoring, it is imperative that the
CoJ undertake immediate review of the data measurement systems in place and
implement improvements as necessary, together with a comprehensive data
collection and monitoring programme.

There are already several energy efficiency interventions underway within the
sector, including LED traffic signals and the work being undertaken under the
auspices of the Clinton Climate Initiative.
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3.4 Industrial & Commercial Energy Demand
3.4.1 Industrial & Commercial Sector Overview

The 2005 economic review conducted by the Johannesburg Economic
Development Unit showed that the City® Gross Value Added (GVA) for 2004 was
the largest of any city in Africa, at R204-billion. The same study also looked at
average annual GVA growth between 1996 and 2004, with Johannesburg having
grown by an average of 4.5% compared to an average growth of 2.9% for the
country. Based on these data it is estimated that the 2007 GVA for the CoJ was in
the order of R233-billion. The major features of the industrial and commercial
sector are summarised below:

Financial and Business services

This sector includes all financial intermediation, real estate, renting and leasing,
computer and related activities, research and development and a range of €other"
business service activities. Its contribution to the City's GVA is 32.9%. Limited
sub-sectoral data is available, but available data does show sub-sectoral
contributions to the total sector® share of the City's GVA in 2004 was as follows:
financial intermediation 16.8%, real estate 8.8% and other business 8.2%. This
sector is the largest contributor to City GVA, it shows continuous growth and it
continues to absorb labour, increasing employment 49 percent between 1997 and
2004.

When compared with other metros, the financial sector in Johannesburg
outperforms all metros and the national economy. A once perceived risk of losing
key portions of the financial intermediation sector to the Western Cape has not
materialised. It seems clear that for the foreseeable future, Johannesburg will
continue to be the financial heartland of the country, especially if average incomes
and employment continue to grow strongly.

Trade

The trade sector covers all wholesale, commission and retail sale of all goods. It
also includes all hotel, conference and restaurant activity. Its contribution to the
City’'s GVA is 17.4%.

2003 and 2004 were good years for the trade sector in Johannesburg and robust
growth of 5.2% was achieved in 2004, with 16,000 jobs being created in the formal
sector. The largest sub-category is wholesale trade (7.4%), followed by retalil
trade (6.1%), motor vehicle repairs and spares (2%) and the hospitality industry
(1%). Disaggregated data is not available for the performance of the sub-
categories, except for retail trade. Retail trade in Johannesburg contributes 39%
of the province® trade and 13% of national retail sales. More than 30% of retalil
and wholesale trade is in groceries.
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Manufacturing

The manufacturing sector is the fourth largest contributor to Johannesburg®
economic output (16.3% of GVA) although the growth in its contribution to the
City® GVA is not as marked as that of the finance, trade and community sectors.

Data suggest that following the major restructuring of the manufacturing sector
between 1995 and 1998 resulting from trade liberalisation in line with World Trade
Organisation protocols, manufacturing share of the city® economy stabilised.

Positive GVA growth has taken place for six consecutive years and formal
employment appears to be rising steadily, albeit slowly. The decrease of the
sector® contribution to City-wide GVA is due to strong growth in sectoral
contribution of other sectors rather than an absolute decline in manufacturing
itself.

Telecommunications

The contribution of telecommunications and postal services to the City’'s GVA have
steadily increased from 3.3% in 1999 to 4.6% in 2004, probably largely due to the
strong growth in mobile telecommunications, which in turn has been supported by
rising disposable incomes.

Construction

Despite year-on-year volatility, the trend in the City has been generally upward
since 1997. Up to 70% of Johannesburg® construction activity is accounted for by
commercial developments, with new builds strongly influenced by current
occupancy rates. The construction sector contributes 2.3% of the City's GVA.

Construction trends in Johannesburg have consistently outpaced those of the
national sector and the other Gauteng metros. Given the high base from which
the city® growth rates are determined, the data reflects the strength of the City®
economy and its dynamism over the past seven years. The strength of the City®
financial services and retail sectors is likely to be a key differentiator with respect
to Johannesburg® construction growth trend relative to the other Gauteng metros.

Mining

Despite Johannesburg’s mining history, operational gold mining within the City®
municipal boundaries is very limited today. The sector's contribution to
Johannesburg’'s GVA is 1.3%. The majority of mining value added in the City
remains the head office activity of the major mining houses. The mining sector®
contribution to the City GVA has ranged between 1.4% and 1.9% since 1997 and
remains relatively stable, although employment has decreased over the past few
years.

Agriculture
The agricultural sector includes all activities related to the growing of crops,

horticulture, the farming of animals, animal husbandry and veterinary service as
well as forestry, logging, the production of organic fertilizers and fishing
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operations. The City® agricultural activities are understandably very limited given
the highly urbanised nature of the area. However, there is some crop cultivation, a
little cattle farming and limited organic fertilizer production.

The agricultural sector in Johannesburg is almost negligible with respect to its
contribution to economic growth (0.2%). The sector is neither growing nor
shrinking and remains a marginal sector from an economic perspective.

The contribution of each of the industrial and commercial sectors to the CoJ’'s GVA
are summarised in Table 3.4.1. Note that the figures shown in italics are non-
industrial/commercial sectors, included for completeness, and the final contribution
column has been rounded to the nearest R100-million.

Table 3.4.1: Sectoral Contributions to CoJ GVA, 2007

Sector Contribution to Contribution to
GVA, % GVA, R-Million
Financial and Business Services 32.9 76,700
Trade 17.4 40,500
Manufacturing 16.3 38,000
Telecommunications 4.6 10,700
Transport 5.7 13,300
Government, Community and Services 17.8 41,500
Construction 2.3 5,400
Electricity, Gas and Water 1.5 3,500
Mining 1.3 3,000
Agriculture 0.2 500
Total 100.0 233,000

The total percentage contribution of Gross GVA to the industrial and commercial
sector is estimated at 75%, equivalent to R174,750 million per annum.

3.4.2 Presentation of Energy Data

The collection of energy usage data for the industry sector is problematic. The
data shown in this section have been derived from a number of sources. There
exists no consolidated format for the collection of industrial and commercial fossil
fuels data as a whole, and the information regarding electricity usage is not
disaggregated across sectors. For example, an electricity user defined as
Commercial, could by definition fall within any one of the agriculture, industry,
commercial or service sectors. This is further complicated by the fact that the city
is served by two electricity suppliers, Eskom and City Power, each with their own
reporting format for electricity sold and calculation of system losses. For these
reasons the data presented here comprises an aggregated picture which
combines agriculture, industry and commerce. The energy picture for coal is
incomplete and has therefore been omitted from this section. It is recommended
that future systems are implemented such that meaningful coal usage statistics for
this sector can be gathered from coal merchants and the major distributors.
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Table 3.4.2.1: Industry, commerce and agriculture energy use summary

Energy Usage Statistics
Carrier/Source Units TJ TJ %
Elec: Business, Commerce & Light Industry 4,529,292MWh 16,305 56
Elec: Medium Sized Industry 1,971,531MWh 7,098 24
Elec: Heavy Industry 629,813MWh 2,267 9
Paraffin 244,242litres 9 <1
LPG 2,134,730litres 57 <1
Coal Data Unavailable
Furnace oils 2,654,431litres 110 <1
Diesel 46,389,377litres 1,767 <1
Petrol 439,982litres 15 <1
Gas 1,451,000GJ 1,451 <1
Total - 29,079 100

The combined GVA for industry, commerce and agriculture during 2007 was
estimated at R174,750-million. On this basis, the Municipality-wide sectoral
energy intensity indicator for industry, commerce and agriculture is:

Industry, commerce and agriculture sector Energy Intensity Indicator
Energy Intensity38 166 GJ/R-million GVA

3.4.3 Regulatory and Policy Issues in the Industrial & Commercial Sector

Several regulatory and policy issuances exist which directly impinge upon the
energy usage of the commercial and industrial sectors. These include:

DME White Paper on Energy;

DME White Paper on Renewable Energy;

Integrated Energy plan for the Republic of South Africa, and
The Energy Efficiency Strategy for South Africa;

The National Business Initiative Energy Accord;

The National Environment Management: Air Quality Act

% Excluding coal
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In terms of energy utilisation and energy efficiency aspects, the Energy Efficiency
Strategy and the Energy Accords are considered to be of particular importance
and are elaborated here.

The NBI Energy Accord

The Energy Accord was drafted as a voluntary agreement between industry
signatories and the Government's Department of Minerals and Energy. The
Accord itself acknowledges that improvements in energy efficiency are needed if
the country is to remain competitive internationally whilst dealing effectively with
potential electricity capacity shortages, environmental concerns and the steadily
rising price of all energy sources. The Accord, therefore, stands as a commitment
between government and industry to support the specific objectives of the National
Energy Strategy.

By entering into the Accord, signatories have agreed to the following:

To promote the development of sector-specific strategies and targets, in
partnership with Government, that will contribute to the achievement of the
overall energy efficiency target set by Government;

To promote the use of Demand Side Management contracts concluded
with energy suppliers, where they exist, and to negotiate additional such
contracts where appropriate, towards achievement of the national target;

To develop common reporting requirements for energy usage from all
energy sources, taking into account, where possible, existing
internationally recognised protocols for reporting such as those developed
by the Global Reporting Initiative;

To define industry-specific projected energy use in the future, based on
Business-as-usual (BAU) growth expectations;

To establish methodologies that will allow the baseline quantification for
energy intensity in various industry sub-sectors;

To develop a generic energy auditing protocol that can be adapted for use
by the individual sector and company signatories;

The National Energy Efficiency Strategy

The Government of South Africa, through the DME, approved and issued the
Energy Efficiency Strategy of the Republic of South Africa in March 2005. It sets a
national final energy demand reduction of 12% by 2015, expressed as a
percentage reduction against the projected national energy use in 2015, with a
final energy demand reduction target for the industry and commercial sectors alike
of 15% by 2015. The Strategy sets out a number of sectoral action plans which
are intended to assist with meeting targets. The main aspects of the industry and
commercial action plans are as follows:
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A suite of “leadership by demonstration” programmes will be implemented.
The DME will drive this activity, which, it is intended, will be actioned by
voluntary initiatives within industry itself;

A series of mandatory standards will be introduced in phases. The
intention is to ensure that life-cycle costs are considered where the
purchase of “horizontal technologies” is concerned. The term horizontal
technology refers to any specific technology which is commonly used
across many industrial sectors. This is discussed in more detail later within
this report;

An obligation to carry out energy audits within the energy-intensive
industries may be introduced in phases. This will assist in awareness
raising and in ongoing improvements in energy efficiency;

Energy efficiency standards for commercial and public buildings will be
introduced and made mandatory, together with a building Energy Audit
programme;

Emphasis will be placed on incorporating energy efficiency into building
design and energy efficient technologies will be introduced in existing
buildings;

The standard for office buildings (SANS 204) will be made mandatory by its
incorporation into the National Building Regulations.

3.4.4 Industrial & Commercial Energy Efficiency

Several studies have been undertaken to establish the potential for energy savings
across the industrial and commercial sectors within South Africa as a whole®.
Most studies suggest that savings range between 15% - 30% in energy intensity
terms, with savings equal to 12% of total final energy usage, and 19% of total
installed generation capacity.

It is not the purpose of this document to report in detail on generic energy
efficiency opportunities. It is thought worthwhile to mention, however, that the
experience of organizations that successfully manage their energy use indicates
that technological solutions alone do not achieve maximum energy savings, and
are less likely to be sustained in the long term. Rather, energy management has
the greatest impact when organizations address these three dimensions:

Technical: the energy consuming devices and systems that use energy
efficiently, or inefficiently;

Organizational: the structure and management systems that can support
or hinder the achievement of energy efficiency goals;

% UCT ERI Baseline Study undertaken on behalf of CaBEERE (2001); UCT EDRC Energy Efficiency Potential
in the South African Economy (1996); Department of Minerals and Energy.
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Behavioural: the personal values, attitudes and practices of individuals in
the organization that impact on energy use.

There are cases to demonstrate that a focus on people alone (their awareness of
energy efficiency as corporate priority, their values and attitudes towards energy
use, and their skills and knowledge related to the management and use of energy
system) can achieve significant and sustainable savings. The combination of two
approaches, technological and human resource, typically yields the best result.
Many cases® can be found to demonstrate the wisdom of addressing the three
dimensions of energy management in developing the typical characteristics of
energy efficient organisations.

Electricity Price

Experience shows that one of the most important drivers towards the uptake of
improved energy efficiency within the industrial and commercial sectors is energy
price. Where unit prices for electricity and fossil fuel supplies remain low, the
incentives and drivers for improved energy performance remain suppressed.
Partly due to it's wealth of natural resources, South Africa has a long history of
energy prices which are extremely low by world standards. Indeed, several large
and energy-intensive industries have been attracted to invest in manufacturing
plant in the country due to this reason.

The industrial and commercial electricity price trend over the past 10 years has
been more-or-less in step with normal inflation-linked price rises. However, the
2004 Pricing Strategy of the Electricity Supply Industry alluded to a greater
reflectivity of generation costs within end-user pricing structures. This principle has
been taken a step further to increase tariffs in-line with forecast generation costs,
new-build costs and costs associated with EEDSM. This is reflected in the recent
application to NERSA by Eskom for a 60% increase in tariff prices. These factors
are described in more detail in Section 5.

Recent Energy Efficiency Projects

There is little (if any) information available within the public domain to suggest
significant progress with regards energy efficiency in the industrial and commercial
sector in the CoJ. If work has been done, then case studies are non-existent and
the much-needed publicity on savings potential is sadly lacking. The major
industrial EEDSM projects within the mining sector all fall outside the municipality
boundary and the only two pipeline projects in the EEDSM commercial sector are
lighting retrofits at Sasol's Offices and Mintek, which combined are forecast to
save some 4.84GWh per annum

The national electricity capacity constraints are expected to put pressure on new
commercial property development in Johannesburg. Recently announced by the
City of Johannesburg, and starting immediately, a set of basic requirements for
energy efficient development will be considered in the adjudication of all
development applications sent in to the City.

0 Case studies may be found at www.carbontrust.co.uk
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All commercial building plans and site development plans will, in future, be
evaluated in terms of measures to promote low energy consumption buildings.
The approval of new building plans will specifically consider two criteria: the
natural heating provided in winter through north-facing buildings; and buildings
allowing eave overhangs of at least 700mm on north, east and west facades,
facilitating shade in summer and sun penetration in winter. Although the new
requirements will rely initially on voluntary compliance, they may soon be
mandated and regulated.

3.4.5 Recent Trends in Industrial & Commercial Energy Usage

There exists very little meaningful and accurate historical data regarding fossil fuel
usage in industry and commerce, and energy usage data for coal is completely
absent. This section focuses upon the recent electricity trend, as this energy
carrier probably accounts for some 95%* of overall industrial and commercial
energy usage in the CoJ.

Electricity

The recent historical trend for energy usage within City Power’s commercial and
industrial tariff groupings is shown in Figure 3.4.5. It can be seen that there has
been a consistent year-on-year incremental increase in usage of around 5%. This
is evidently due to a combination of increased output of existing facilities and the
emergence of new premises and manufacturing facilities, as it mirrors economic
growth of the country and the Municipality.

Figure 3.4.5: Recent Commercial and Industrial Sales Volumes for City Power

City Power Recent Commercial & Industrial Sales Volumes
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“! The figure is 99% excluding coal (see Table 3.4.2.1)
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3.4.6 Sustainability Objectives

The following table shows those sustainability objectives which are proposed for
the Industrial and Commercial sectors. The table includes a brief description of
each and objectives are grouped into sustainability headings: Environmental,
Economic and Social.

Table 3.4.6: Industry and Commerce Energy Sustainability Objectives
Environmental

1 Improvement in local air quality by energy efficiency and switching to
cleaner fuels and renewable energy sources

2 Mitigation of CO, emissions by minimising energy usage and through the
use of renewable energy sources

Economic

1 Encourage development of the energy efficiency and Renewable Energy
industry and service sectors within the CoJ business portfolio

2 Improvement in Industrial Competitiveness by enhancing energy efficiency
and reducing operational overheads

3 Encourage industry to adopt full-cost accounting procedures by the
internalisation of external, environmental, costs

Social

1 Improved welfare of communities by encouraging job creation through
sustainable business and industry

2 Enhanced health of communities through environmental improvements

3.4.7 Sector Summary

The most important sub-sectors within the CoJ industry and commerce sector are
financial and business services, trade and manufacturing. Together these three
comprised 65% of the combined GVA for industry, commerce and agriculture
during 2007, which in total was estimated at R174,750-million.

Whilst reliable coal usage statistics could not be obtained for this report, it is
known that electricity accounts for 99% of the remaining energy use. Total energy
usage for the sector in 2007 was 29,079TJ, and recent evidence suggests that this
figure is rising annually by around 5%.

In terms of energy efficiency there appears almost a complete lack of implemented
project with proven savings and case studies. Projects for lighting retrofits via the
EEDSM process are in the pipeline but not yet fully implemented. It is thought that
the forthcoming increase in electricity price, in whatever final form it takes, should
serve to kick-start significant investment in energy efficiency improvements and
renewable energy technology. Another promising development is the recent
announcement by the City of Johannesburg that a set of basic requirements for
energy efficiency will be considered in the adjudication of all commercial
development applications sent in to the City.
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3.5 Transport Energy Demand
3.5.1 Transport Sector Overview

Table 3.5.1.1: CoJ Municipal Area Transport Sector Synoptic Overview

Attribute Data
Municipal road network (freeway, arterial, and main routes) 1,825 km
Local road network 7,422 km
Number of vehicles Approx 1 million
Car ownership per 1,000 population 380
Bus fleet 960
Number of bus routes 352
Rail fleet (number of train sets) 160.62 km
Total length of rail track 54
Number of stations 12,354
Minibus fleet 835
Number of minibus routes 17.43 km
Number of minibus taxi owners 992
Modal split (% private: public (AM Peak Period)) 1,825 km

A survey carried out in 2002 indicated that of the number of trips made within the
CoJ and from Johannesburg to other areas within Gauteng, 53% were in private
vehicles and 47% by public transport. This shows an increase in the use of private
vehicles compared to surveys carried out in previous years (40% in 1995; 43% in
1998 and 49% in 1999) indicating a continuation in the trend towards private
transport. This trend is not only due to an increase in car ownership, but also due
to a decline in the use of public transport by those who previously made the choice
to use public transport.

Table 3.5.1.2: Break down of mode of transport for work trips

Mode of transport % of Total
Car 42.2%
Walk 8.7%
Minibus Taxi 34.6%
Train 8.2%
Bus 4.4%
Other 1.5%
Bicycle 0.2%
Motorbike 0.1%
Total 100
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Table 3.5.1.2 shows a breakdown of the mode of transport used for work trips
within the CoJ. This table indicates that the majority of people make use of cars,
followed by minibus taxis. Of the public transport used, minibus taxis makes up
72% of the total.

Table 3.5.1.3 compares the results of the survey carried out on all trips in 2002 to
that in 1999 which clearly shows an increase in the use of private vehicles and
minibus taxis, and a decline in the use of public transport such as trains and
busses.

Table 3.5.1.3: Comparison of transport use for 1999 and 2002

Mode of transport 1999 2002 % Change
Car 48.7% 54.3% 5.6%
Train 8.9% 6.7% -2.2%
Bus 13.5% 4.0% -9.5%
Minibus 28.9% 34.8% 5.9%

Figure 3.5.1.1 indicates the capacity of the transport system in the CoJ by
transport mode, while Figure 3.5.1.2 shows a breakdown of the main mode of
transport to work and for educational purposes.

Cars

Table 3.5.1.4 shows the number of cars per household in 2002. As can be seen,
the majority of households own no vehicles, while 32.1% own 1 or 2 vehicles.

Table 3.5.1.4: Number of cars per household in CoJ

Number of cars Number households % of total
0 445,619 63.1%
1 132,290 18.7%
2 94,971 13.4%
3 22,971 3.3%
4 7,980 1.1%
5 2,324 0.3%
>5 601 0.08%
Total 706,757 100%
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Figure 3.5.1.1: Capacity of public transport system by mode (2002)
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Figure 3.5.1.2: Mode of transport to work and for educational purposes (2002)
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The car is the primary mode of transport used for trips to and from work and
account for 42.2% of all trips within this category. As discussed previously, there
is a continuing increasing trend towards the use of private vehicles and it is
estimated that by 2010 there will in the region of 1.2-million cars within the CoJ.
The Rail System

It is estimated that more than 1.6-million people reside within 1,5km of a ralil
station, with more than 100 000 people living in close proximity to Doornfontein
Station alone. The commuter rail services are operated primarily on railway lines
owned by the SARCC, but some commuter rail services extend to sections of the
Spoornet railway network.

The Bus Service

The subsidised scheduled bus services that operate within or into the City of
Johannesburg (CoJ) in 2003 are as follows:

Metrobus;
Putco Soweto;

Eldorado Park tendered contracts: 6 in total (expired in 2000 and
renewed on an ongoing basis);

South Western Areas tendered contracts: 5 in total (expired 2004)
Germiston Transport Department (expired 2006); and

Some tendered contract services from Katorus/Boksburg and Tembisa
(expired 2006).

These services are provided by just over 960 buses. Information on each of these
services is summarised in Table 3.5.1.5.

Table 3.5.1.5: Summary of bus services

Bus fleet No. buses No % utilisation
(2003) routes AM peak Off-peak PM Peak

Metro Bus 437 103 63% 49% 48%
Putco Bus 246 (2004) 50 95% 57% 84%
Eldorado Park 79 35 7% 60% 72%
Contract services
South Western Areas 139 99

23 (midi buses)
Germiston Transport - 7
Department
Katorus/Boksburg 36 40
Tembisa 18
TOTAL 960 352
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Apart from these subsidised bus services there are numerous other unscheduled
bus operators providing services within, to or from the City of Johannesburg.
These unscheduled operators provide a variety of services, usually in the form of
private hire services for specific events. There are also a number of inter-city
coach services provided by various operators using luxury air-conditioned
vehicles.

The Minibus Taxi Service

Minibus Taxis are the main mode of public transport with the City of
Johannesburg, and accounts for 72% of all public transport users. The majority of
the minibus taxis are 16-seaters, and routing is very structured depending on the
taxi association to which the operator belongs. A survey carried out from end
January 2002 to June 2002 indicated that there are 12,354 minibus taxis operating
from 374 taxi ranks and covering 1 250 taxi routes. Of the taxis leaving these
ranks, 50% had more than 100% occupancy rate, while 44% had between 75%
and 100% occupancy. Of all taxi trips in CoJ, 43% originate in Greater Soweto,
and 22% in the CBD. Taxi route lengths vary from between 1 to 45km in length,
with the most number of taxis driving between 10 and 19km. On average, the
length of a taxi route is 17.43 km.

Metered Taxis

A survey carried out in April and May 2003 identified 114 taxi ranks with 992
metered taxis operating from these ranks. Of these taxis, 44% are no-name taxis
(i.e. the roof-light indicated “Taxi” rather than a company name). Of the people
making use of the metered taxi service, 25.6% was for social activities, 20% for
making trips home, 13.6% for shopping and 11.2% for work.

3.5.2 Presentation of Energy Data
The South African Petroleum Industries Association (SAPIA) gathers data on liquid

fuels sales and prices on a provincial basis, which are published quarterly and
available via the SAPIA website**.

2 www.sapia.org.za/rsacons.htm
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Municipality-wide data is somewhat more difficult to access, as total data is
aggregated using information gathered by magisterial district. For the purposes of
this report, the raw SAPIA data has been taken by Magisterial District and
adjusted according to percentage area falling within/outside the CoJ Municipal
Boundary. Adjusted information for the CoJ relating to transport fuels during 2007
is shown in Table 3.5.2.1, and then summarised in energy terms in Table 3.5.2.2.

Table 3.5.2.1: CoJ transport fuels sales by district, 2007*®

Magisterial Area Diesel, litres Petrol, litres

Germiston 3,448,163 5,543,874
Johannesburg 581,003,871 948,586,402
Kempton Park 19,682,881 36,140,625
Krugersdorp 3,701,907 4,996,918
Pretoria 12,120,997 21,004,532
Randburg 127,821,039 464,058,296
Randfontein 1,092,232 2,008,626
Roodepoort 56,531,097 203,955,264
Vanderbijlpark 521,920 921,663
Vereeniging 3,928,109 6,636,728
Westonaria 4,808,611 9,579,025
Total 814,660,826 1,703,431,953

Table 3.5.2.2: CoJ transport fuels energy demand, 2007

Fuel Type Sales, litres Energy, TJ Energy, %
Diesel 814,660,826 31,039 34.8
Petrol 1,703,431,953 58,257 65.2
Total 2,518,092,779 89,296 100

It is evident from the above that in energy content terms the split of diesel and
petrol sales within the Municipality is approximately 35/65. It is thought that this is
reflective of the relatively high percentage of private vehicles in use within the CoJ,
as compared with more industrialised municipalities.

Whilst the data shown represents a picture of transportation fuels sales, it cannot
accurately represent actual fuels used by vehicles within the Municipality alone. It
is clear that a percentage of long-haul transport, private vehicles and public
transport vehicles alike will refuel within the municipal boundary and subsequently
consume fuel during journeys outside the Municipality. This is an acknowledged
weakness in the data, but one which would require extensive research and
detailed monitoring in order to circumvent.

3 Source: SAPIA
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The data shown in Table 3.5.2.3 (and illustrated in Figure 3.5.2) have been further
refined from those shown above, as they include accurate end-user data which
has been provided from CoJ and associated with Municipal transport energy
usage.

Table 3.5.2.3: CoJ transport fuels sales by end-user sector, 2007

End User Sector Diesel, lit Petrol, lit. Energy Energy
TJ %
Industry & Commerce 47,973,161 439,982 1,843 2.0
CoJ UACs 8,939,138 3,740,747 469 0.5
CoJ Bus Fleet 6,786,688 0 259 0.3
National Government 1,319,946 398,507 64 0.1
Non-CoJ Public Trans. 21,093,157 304,173 814 0.9
Private Vehicles 62,939,414 2,491,859 2,483 2.8
Private Haulage 680,709,844 1,699,546,096 84,060 93.4
Total 829,761,349 1,706,921,364 89,991 100

Figure 3.5.2: CoJ transport fuels sales by end-user sector, 2007

Private Vehicles
84,060TJ
93%

Industry & Commerce

Private Haulage 1,843TJ
2,483TJ 2%
3%
Non-CoJ Public Transport CCZJGEL;%CS
814TJ ; CoJ Bus Fleet
National Government 25973 0.5%

0.9% 64TJ

0,
0.1% 0.3%

59



City of Johannesburg State of Energy Report 2008

Local Authority Transport

The CoJ Municipality has gathered some detailed data relating to its own internal
transportation fuel requirements. These have been disaggregated by municipal
department, where possible, and are shown in Tables 3.5.2.4 to 3.5.2.6.

Table 3.5.2.4: CoJ UACs’ energy demand 2007

Vehicle Type Diesel, litres Petrol, litres Total km

Cars 129,336 1,568,860 18,740,107
Light duty vehicles 1,108,543 1,644,910 25,513,626
Heavy duty vehicles 7,545,040 0 20,525,128
Motorcycles 0 23,940 167,755
Minibuses 44,129 503,035 4,014,492
Tractors 112,087 0 26,515
Cars 129,336 1,568,860 18,740,107
Total 8,939,137 3,740,746 68.987,623

Table 3.5.2.5: CoJ Municipality-operated transport fuel usage, 2007

Municipal Department Diesel, litres Petrol, litres
CoJ UACs 8,939,137 3,740,746
CoJ Bus Fleet 6,786,688 0
Total 15,725,825 3,740,746

Table 3.5.2.6: CoJ Municipality—operated transport fuels energy demand 2007

Fuel Type Usage, litres Energy, TJ Energy, %
Diesel 15,725,825 599.2 82.4
Petrol 3,740,746 127.9 17.6
Total 19,466,571 727.1 100.0

The Municipality’s transportation fuel usage is accountable, therefore, for 0.81% of
the total transport-related liquid fuels energy usage inside the CoJ.

Energy Intensity Indicators

In order to derive meaningful and detailed energy intensive indicators the data
presented above require to be disaggregated into sub-sectoral usage for freight,
passenger, public transport, etc. This information is currently not in existence. For
the purposes of this report three transport energy indicators are given which relate
to:
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Total Transport Sector fuel usage as a function of annual GVA for the
sector (R13.300-million in 2007*%;

Municipality-operated Public Transport fuel usage as a function of total
annual mileage travelled by the fleet (13,183,694km during 2007);

CoJ UAC fuel usage as a function of total annual mileage travelled by the
combined fleet (68,987,623km during 2007).

The calculated Energy Intensity Indicators are as follows:

Transport Sector Energy Intensity 6.77 TJ/R-million (GVA)
CoJ Public Transport Energy Intensity 19.65 GJ/km
CoJ UAC Transport Energy Intensity 6.80 GJ/km

3.5.3 Regulatory and Policy Issues in the Transport Sector

The transport strategy for Johannesburg will support and contribute to the
realisation of the overall 2030 Vision for the City, and should achieve, over time:

“A safe and efficient transportation system, with a public transport focus, that will
support a world class City; connecting businesses, people and places in a
sustainable and cost effective manner and through this, improve the standard of
living and quality of life of all the City’s inhabitants and the overall competitiveness
and growth of the City’s economy.”

The transport strategy will support the desired outcomes of the City as follows:

Improved standards of living: providing safe and affordable transport
access to employment, education, recreation and markets;

Poverty reduction: Providing targeted interventions to support access to
income opportunities and affordable transport for the poor and very poor;

Economic growth and transformation: Providing market access and
support industry upgrading, innovation and access for SMMEs and
black-owned enterprises to the transport market;

Sustainable urban environment: Supporting and driving transport user
and provider behaviour towards public transport, sustainable transport
solutions and all-weather, durable transport infrastructure;

City restructuring and efficiency: Provide infrastructure and operational
transport plans consistent with, and in support of, the City Spatial
Framework.

4 Section 3.4.1 Refers
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Goals and Objectives

The CoJ Transport Strategy and Integrated Transport Plan will aim to deliver on
the following Goals and Objectives:

Customer Goals

Affordability — keeping public transport costs to households below 10%
of household disposable income;

Convenience — develop a transport system that is accessible (within 15
minutes walking distance of origin or final destination and running at
times of the day and with frequency of service that meets customer
needs) and with travel times totaling no more than 60 minutes traveling
time in either direction;

Safety — a transport system with reduced crime, collision, injury, fatality
and property loss rates;

Comfort — a transport system that meets the comfort needs of different
segments within the population;

Choice — a transport system that provides for choice in transport
services that are sustainable for the City in the long-run.

City and National Goals

Equity — the transport system must provide equitable basic access and
affordability of transport for all;

Transformation and formalisation — the transport system must
increasingly be owned and managed by historically disadvantaged
persons and see the formalisation of transport businesses;

System efficiency — the transport system must operate to improve the
overall efficiency and competitiveness of the City and overall system
costs (including externality costs) need to be maintained at optimum
levels;

Safety — the transport system must be safe to limit externality costs both
on the environment, businesses, households and government services;

Sustainability — the transport system must support ongoing reductions in
environmental externalities, continuous innovation and upgrading to
support competitiveness and meet evolving customer needs and
consistent re-investment to sustain service levels and safety.
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Strategic Thrusts

The CoJ Transport Strategy and ITP, in pursuit of these goals, will focus its efforts
and resources along the following lines:

Close basic service backlogs;

Upgrade public transport;

Manage car usage and congestion;

Promote upgrading and innovation;

Safety;

Sustainability;

Enforcement of standards and regulations.

3.5.4 Recent Trends in Transport Energy Usage

Cleaner Fuels
The Cleaner Fuels for a Cleaner Environment initiative represents the outcome of
a coordinated effort and strategy by the Department of Minerals and Energy, the
Department of Environmental Affairs, the South African Automotive Industry, the
South African Oil Industry, Consumer Bodies and Environmental Interest Groups.
With effect from 1% January 2006 cleaner fuels were introduced in South Africa. In
summary, a revised octane grading structure was introduced and lead ceased to
be blended into petrol. Moreover, low-sulphur diesel fuel will be introduced as part
of a process of aligning South African fuel standards with international fuel
specifications and vehicle technology requirements. Changes which were
originally intended to take place included*:

Motorists to have a choice between 91, 93 and 95 Research Octane

Number (RON) metal-free, unleaded petrol which are marketed

nationally;

Lead replacement petrol (93 RON inland and 95 RON in coastal areas)

to be introduced into the market to cater for certain older vehicles that

might be susceptible to valve seat recession when driven at high speed

and under heavy load conditions;

The introduction of a Demand Management Levy to result in the price of
95 RON being relatively higher than the other octane grades in the

45 NAAMSA Media Release 31% March 2005
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inland regions in order to encourage motorists not to use an octane
grade that is higher than necessary for their vehicle;

The sulphur level of standard diesel to drop from the previous maximum
of 3,000ppm to a maximum of 500ppm. A 2nd grade of Diesel with a
sulphur level of 50ppm maximum to be made available from certain
service stations from 1% January 2006.

In actuality, the Demand Management Levy did not materialise, so there has been
no significant price differential between the petrol grades available. The result of
this is that a limited market for the lower octane grades exists, and most coastal
service stations offer the choice of only 95 RON lead-replacement and 95 RON
unleaded petrol.

Fuel Prices

Monthly diesel and petrol prices are shown in Table 3.5.4.2, representing
comparative prices since 1% May 2007.

Table 3.5.4.2: Coastal and Inland diesel and petrol prices, 2007/08°

Month Diesel c/litre Petrol c/litre

Inland 0.05% Coast 0/05% Inland ULP 95 Coast ULP 95

S S
May 2007 620.30 606.50 701.00 677.00
June 2007 625.30 611.50 724.00 700.00
July 2007 636.30 622.50 716.00 692.00
August 2007 651.30 637.50 701.00 677.00
September 2007 656.30 642.50 691.00 667.00
October 2007 679.30 665.50 701.00 677.00
November 2007 673.30 659.50 704.00 680.00
December 2007 724.30 710.50 747.00 723.00
January 2008 725.30 711.50 747.00 723.00
February 2008 732.30 718.50 764.00 740.00
March 2008 810.30 796.50 825.00 801.00
April 2008 938.30 924.50 891.00 867.00
May 2008 1 009.30 995.50 946.00 922.00

Liquid fuel pump price structure is discussed in more detail within Section 4.4.
However, the influence of international oil price rises is evident from the above
table, wherein all grades of diesel and petrol have undergone over 50% price
increases since May 2007.

¢ Source: DME
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Future Development Projects

The start of the new five-year term (2006/2011) saw the establishment of the new
Transportation Department (TD), which, together with the Johannesburg Roads
Agency (JRA) and Metrobus, forms the “Transportation Cluster”. The TD provides
the strategic and policy direction as well as the contract management function on
behalf of the City, with respect to the JRA and Metrobus.

Two new developments which are summarised in this section are the move from
the Strategic Public Transport Network to the new Rea Vaya Bus Rapid Transit
(BRT) system, which was approved by Council in November 2006; and the
implementation of Gautrain as it relates to the City’'s competencies.

Rea Vaya Bus Rapid Transport System

The BRT system will offer a rapid service to minimise travel times, while also
providing security, comfort and convenience to the customer. To facilitate rapid
boarding and alighting of customers, a pre-board fare collection system will be
used. Likewise, at-level platform boarding will reduce dwell times at stations, as
well make the system 100% accessible to persons with physical disabilities. It is
envisioned that peak frequencies will be in the range of a vehicle every 1 to 3
minutes. During non-peak periods, a vehicle will arrive at least every 10 minutes.
At this stage, it is projected that the system will operate from 05:00 to 24:00 daily.

A total of 94km of trunk corridors, encompassing a total routing length of
approximately 148km, have been planned for Phase 1 of BRT, which is envisaged
to be operating by April 2009.

Gautrain

Even though this project is a Provincial one, the City plays a major role in its
success by facilitating the following:

The effective working of the temporary road closures at stations,
including monitoring the impact on network mobility as a result of the
Gautrain construction;

Working with the DPTR&W to achieve optimum modal integration at all
five relevant stations;

Integration of ‘feeder & distribution systems’ and road and intersection
upgrading;

Managing the pavement condition of all maintenance and rehabilitation
deviations, mass-haul routes and detours
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3.5.5 Sustainability Objectives

The following table shows those sustainability objectives which are proposed for
the Transport sector. The table includes a brief description of each and objectives
are grouped into sustainability headings: Environmental, Economic and Social.

Table 3.5.5: Transport Sector Energy Sustainability Objectives
Environmental

1 Reduction in atmospheric pollution and Greenhouse gas emissions by
minimising volumes of road traffic and ensuring maximum efficiency of all
road users

Economic

1 Improving the Public Image of the city by providing a clean, safe, efficient
and attractive public transport system which is affordable to all

2 Improving the economic health of the city by enhancing the efficiency and
integration of public transport systems and commercial transport systems

Social

1 Enhanced public safety and security on the roads and on public transport

2 Improvement of social heath and wellbeing by providing clean and efficient
transport alternatives

3.5.6 Sector Summary

The Transport Sector remains a significant player in the overall energy picture of
the City, both in terms of energy usage and atmospheric emissions. During 2007,
liquid fuels associated with transport contributed some 31% to the total CoJ
Carbon footprint, and almost 62% of its overall energy usage in Terajoule terms.

Oil prices have doubled since January 2006 and have reached record levels in
recent months. As a result, all grades of diesel and petrol have undergone over
50% price increases since May 2007. Regardless of this, the trend of increasing
road use continues at the expense of public transport modes. Statistics indicate
that whilst minibus usage remains strong amongst commuters, there is a growing
tendency to move away from train and bus transport in favour of private vehicles.
Whilst the increased affordability of private vehicles has certainly played a part, it
must be stressed that the general perception of public transport as being dirty,
unsafe and unreliable is a major driver behind these statistics.

The CoJ and Provincial Government have been proactive in beginning to address
the impending grid-lock. The BRT system will offer a rapid service to minimise
travel times, while also providing security, comfort and convenience to the
customer. Furthermore, the commissioning of Gautrain ahead of the 2010 World
Cup will hopefully provide an international case-study of public transport at its
best.
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4. Energy Supply
4.1 Introduction

South Africa has a well-developed energy supply and production system. The
country is well endowed with large resources of coal. Natural gas and crude oll
production is very limited and consequently the bulk of our crude oil is imported.
Renewable energy plays a limited role as South Africa’s abundant sunshine is only
beginning to be tapped in more remote areas for electricity generation for domestic
and institutional application.

Wind energy is a potential source of commercial energy in some parts, but like
other renewable energy technologies it struggles to match the lower costs basis of
conventional energy, in particular coal. With the setting of renewable energy
targets and with carbon trading under the Kyoto protocol, the role of renewable
energy is expected to expand in future.

The South African energy sector is dominated by coal which is abundant and
relatively cheap by international standards. Most of South Africa’s liquid fuel
requirements are imported in the form of crude oil. Approximately 35% is sourced
from coal through Sasol and 100% of the natural gas production from PetroSA is
converted into liquid fuels, supplying about 7% of liquid fuel requirements.

South Africa has a mix of electricity generation power plants that use coal, hydro,
gas and nuclear energy as sources of power. In 2003 Eskom generated over
210TWh of electricity with a net capacity of 36,208 MW. With the excess power
capacity of South Africa expected to run out in about 2007, Eskom is considering
several additional power generation scenarios, including the current revamping of
some of its mothballed power stations.

4.2 Electricity Supply
4.2.1 Electricity Supply Industry Overview

The South African electricity sector is undergoing a restructuring process that will
result in the unbundling of Eskom, the state-owned utility, and the opening-up of
the sector to private investment. Although the government has backed-down from
an earlier proposal to partially privatise Eskom, it remains keen to proceed with the
separation of the utility® distribution assets and the creation of a system of
regional electricity distributors (REDs). For the moment, although rapidly rising
domestic demand will see Eskom retain its dominance in the electricity-supply
industry, the government has issued tenders for the first private generating
facilities in the country. Eskom is one of the lowest-cost power producers in the
world and holds a dominant position both in South Africa and within the continent
as a whole.

National Structure
Eskom is the public electricity utility and supplies more than 95% of the country’s

electricity requirements. This amounts to more that half of the electricity
generated in Africa. With 24 power stations at a capacity of 42,618 MW, Eskom is
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among the top seven utilities in the world in terms of generation capacity and
among the top nine in terms of sales.

Eskom owns thirteen coal-fired power stations, 11 located in Mpumalanga and one
each in the Free State and Limpopo. Three of the older stations in Mpumalanga
(Camden, Grootvlei and Komati) have recently been un-mothballed to assist with
national capacity constraints. Most thermal stations are located in Mpumalanga,
close to the coalfields, because their coal requirements are immense. This means
that electricity has to be transmitted long distances to the major end users
nationally. The national distribution of Eskom’s power generation plant in 2004 is
shown in Figure 4.2.1:

Figure 4.2.1: Eskom Power Stations (2004)

Eskom owns a nuclear power station, Koeberg, located approximately 25km
northwest of Cape Town. It uses a standard pressurised water reactor and
supplies electricity to the Western Cape. The fuel used is enriched uranium. The
government has granted Eskom permission to do a feasibility study on developing
a new nuclear technology, the Pebble Bed Modular Reactor (PBMR). A
demonstration model will be built to allow assessment of the techno-economic
viability of the project.

South Africa has few suitable rivers for hydro-electricity production. Most of the
existing capacity has been used. There are two stations on dams in the Orange
River. There are three pumped storage schemes, Drakensberg and Palmiet
(Eskom) and Steenbras (municipal), with a combined capacity of 1,580 MW.
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Four gas turbine stations with a total capacity of 929MW are intended only for use
during peak demand and for stand-by power. They are simple single-cycle
stations, with low capacity costs, but are very expensive to run.

The net saleable output by Eskom totalled 239,989GWh of electricity in 2007.
There are special Eskom divisions to streamline supply to different types of end
users and about 64% of electricity sales are direct to the consumer. The remaining
approximately 36% is sold to local authorities. These authorities own and service
their own distribution networks and resell the power to end-users.

Transmission and Distribution

Eskom owns and operates the national transmission system. It currently
distributes around 60% of its output directly to end users, while the rest of the
network is controlled by the municipalities, and regulation of the sector is overseen
by the NERSA. Municipalities purchase electricity from Eskom and some also
generate small amounts of electricity for their constituents. The national gird
constitutes 27,000km of lines, most of which are 400kV and 275kV lines.

The government® Electricity Restructuring Interdepartmental Committee (ERIC)
plans to divide South Africa into a number of regional electricity distributors
(REDs). These will be joint ventures between Eskom and local authorities. The
NERSA will set wholesale electricity purchase tariffs, to include components for
transmission and generation costs, which REDs will pay to Eskom Transmission.

Local Structure*’

City Power Johannesburg (Pty) Limited was established in 2000 as an
independent municipal entity wholly owned by the CoJ to supply electricity to
approximately 300,000 customers ranging from domestic to commercial and
industrial properties. City Power is accountable for providing network services to
all its customers. The CoJ provides retail customer services for all domestic
customers i.e. processing applications, customer queries, customer complaints,
customer accounts and revenue management. City Power provides retall
customer services to key customers, commercial and industrial customers and
prepaid customers. The core competency of the business is the purchase,
distribution and sale of electricity within the geographical footprint of the City of
Johannesburg. The National Electricity Regulator granted City Power a licence to
trade on 19" December 2001.

City Power is not the sole provider of electricity services for the CoJ. The areas
not covered by City Power (predominantly Soweto and Sandton) are serviced by
Eskom. A map indicating the main areas of supply for both City Power and Eskom
is included as Figure 4.2.2. City Power has an annual turnover of approximately
R3.8-billion, a staff complement of over 1,900, and total assets of R5.5-billion.

“" City Power Annual Report, 2006-2007
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Figure 4.2.2: City Power and Eskom areas of supply for the CoJ

4.2.2 Presentation of Energy Data

City Power purchases the vast majority of its electricity supply directly from Eskom
itself. The utility also purchases around 8.5% of its supply from Kelvin Power
Station, and the remainder (<1%) from Ekurhuleni Metropolitan Municipality. The
areas not serviced by City Power are supplied directly by Eskom, and this
accounts for some 18% of the total supply requirement of the CoJ municipal area.
The details, including system loss estimations, are shown in Table 4.2.2. Total
losses across the City Power system have been calculated at 12.4% or
1,604,576MWh per annum. These losses are attributable to the foIIowing48:

Technical losses via transformer efficiency loss and resistance losses, etc.
These account for 9% of the total electricity supplied;

Non-technical losses via theft of electricity. These account for 3.8% of the
total electricity supplied.

“8 City Power IDP Scorecard 2006/07
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Eskom estimate their system losses somewhat higher, at 17.5% of total supply.
The weighted average of the two loss estimates yield an overall figure of 13.4%,
which is equivalent to an annual energy loss of 2,107,043MWh.

Table 4.2.2: 2007 Electricity Supply Statistics for the CoJ

Supply Source % MWh supply MWh loss MWh sold
Eskom via City Power 74.8 11,780,826 1,464,978 10,315,848
Kelvin via City Power 7.0 1,096,791 136,388 960,403
Ekurhuleni via City Power <0.1 25,807 3,210 22,597
Eskom Direct 18.2 2,865,792 502,467 2,363,324
Total 100 15,769,216 2,107,043 13,215,179

Figure 4.2.2: 2007 Supply-side Electricity data for the CoJ
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4.2.3 Regulatory and Policy Issues in the Electricity Supply Industry

The main regulatory and policy agendas concerning the state of the industry are
deregulation of the electricity distribution network, and issues surrounding Demand
Side Management (DSM).

Deregulation

In April 2003, the South African government released a draft Electricity Distribution
Industry Restructuring Bill aimed at overhauling the country® fragmented
electricity-distribution sector by separating the electricity-distribution function from
Eskom and merging its distribution assets with those of the country® municipalities
in order to form a number of REDs. Under the Act, the municipalities are able to
contract out the provision of electricity to the REDs through a Service Delivery
Agreement, in order to change their role from one of direct delivery of electricity to
overseeing the distribution of electricity by the REDs.

Eskom will neither control the new entities nor receive any compensation for the
divestment of its assets and instead, the municipalities will hold the REDs to the
exclusion of the utility. EDI Holdings has been established for an initial period of
six years and is mandated to consolidate the country® distribution sector, after
which its role will be reviewed to determine any future course of action. The
structure would enable the Government to increase the financial status and degree
of control exercised by the municipalities, which will be responsible for distributing
the electricity, as well as to lessen Eskom® dominance in the electricity sector in
order to pave the way for the growth of private investment in the sector. Although
this plan moves the country further towards its ultimate goal of the eventual
privatisation of Eskom, the loss of its distribution assets at this point would
adversely affect its ability to maintain the level of investment necessary to bring on
new generation as required.

4.2.4 Demand Side Management
Demand Side Management

The term Demand Side Management was first used in the United States in the
early 1980s, later adopted in the United Kingdom, Europe and Australia. In terms
of DSM implementation in South Africa, the concept is still relatively new. While
Eskom formally recognised DSM in 1992, the first DSM plan was only produced in
1994. Eskom'’s energy-efficiency demand side management (EEDSM) campaign
is aimed at encouraging better load management of electricity, in conjunction with
energy efficiency measures, in order to offset the requirement for new generating
plant. The EEDSM programme offers financial assistance to entities which wish to
undertake such projects and is open to the residential, commercial and industrial
sectors.

The Energy White Paper of 1998 recognises the importance of promoting energy
efficiency within the ESI, and the promotion of energy efficiency to all industrial,
commercial and domestic consumers is one of its stated intentions. The NERSA
has therefore begun promoting energy efficiency within the Electricity Supply
Industry (ESI). Electricity consumption in South Africa is forecast to grow at
between 2.3% and 4% per annum, based on GDP increasing at 4% to 6%
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respectively. Energy efficiency and DSM (EEDSM) efforts are aiming to save
4,563MW cumulative by 2012 and some 8,000MW by 2025. Over this 20 year
planning horizon, therefore, DSM efforts are scheduled to contribute a saving
equivalent to a six unit coal-fired power station. Since the initiation of the EEDSM
programme, many Energy Service Companies (ESCOs) have been established
and several large DSM projects have been registered®. The current status of
EEDSM projects for the country is shown in Figure 4.2.4.

Figure 4.2.4: Current Status of EEDSM Projects in South Africa®

Following an assessment on whether the implementation criteria are met, either
Eskom or an ESCO will assist with DSM implementation. ESCOs must be
registered on Eskom’s DSM database, an endorsement that verifies that the
ESCO is sufficiently technically competent and financially sustainable to enter into
performance contracts and maintain projects over the long-term.

Eskom provides 100% funding for DSM projects and 50% funding for energy
efficiency projects. Eskom DSM classifies the funding as cost avoidance as the
typical cost to build a new power station is in the order of R12,000 per kW,
whereas DSM projects will be funded at a value between R2,500 and R3,500 per
kW.

Residential DSM (RDSM) in the CoJ

City Power had not allocated capital funding for DSM projects and was instructed
by its Operations Group Management Committee to source Eskom DSM funding.
City Power intends to utilize the DSM funds which can be provided via Eskom to
expand its existing RDSM systems to control all residential hot-water geysers
during peak times. The business case would focus on RDSM in which Eskom

49 Case Studies at www.eskomdsm.com

*% Source: Eskom EEDSM Department
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would fund 100% of the project cost, provided that the projects meet specific
criteria and are financially viable.

In order for City Power to meet the demands of Eskom DSM, additional resources
to facilitate the scoping, application and installation processes will be required.
City Power has, therefore, opted to utilize the strategic partners appointed to the
company’s panel of consultants in the DSM category. Motla Engineering has been
tasked to assist City Power to perform an audit to determine the total RSDM
scope, to produce a master-plan and to compile the technical specifications and
Bills of Quantities to procure the services of suppliers and contractors.

City Power currently operates RDSM systems which were installed by former
municipalities prior to the amalgamation of these entities into the new City Power.
It is the intention to expand these systems to cater for residences which can be
accommodated using this existing audio frequency power line ripple signal
injection equipment. The remainder of the areas, referred to as ‘green field areas’,
may be controlled utilising similar power line ripple equipment, or new long wave
radio ripple equipment, whichever proves feasible, and most cost effective at the
scale detailed in the master-plan. An overview of the existing and proposed
RDSM coverage is shown in Table 4.2.4.

Table 4.2.4: Existing and Proposed RDSM Coverage for CoJ

Area Total Existing Relays to be New Relays
Residences Operational Reinstated to be

Relays Installed™
Ennerdale 8,894 0 0 9,072
Johannesburg 152,547 51,040 45,783 48,598
Roodepoort 100,063 33,731 30,597 30,943
Midrand 12,475 1,936 1,754 8,645
Sandton 9,258 0 0 9,443
Randburg 39,192 0 0 39,976
Total 322,429 178,629 78,134 146,677

Implementing the proposed RDSM expansion, repair and upgrade project will
provide the following benefits®*:

Assist Eskom in achieving an additional 100MW reduction in the evening
peak on average per year. This value is as low as 70MW in summer and
as high as 141MW in winter;

Reduce CO2 emissions by 1 800 tons per year;

Reduce NOx emissions by 7 tons per year;

> Adjustments have been made to allow for risk/errors in stand densities, unverifiable geyser status and

bypassed receivers.

°2 City Power: Residential DSM Business Case, August 2007
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Reduce SOx emissions by 16.5 tons per year, and water usage by 2,590
kilolitres per year;

Ensure complete control over residential geyser electricity consumption
through implementing projects with external funding;

Generate approximately R35million additional energy procurement savings
to City Power per year, as a result of both energy shifting as well as
morning and evening peak demand reductions.

City Power Gas Turbines

It is the intention of City Power to undertake the complete refurbishment of three
40MW gas turbine units at locations within the City boundary. These
refurbishments are budgeted to cost approximately R40-million to complete, and it
is anticipated that re-commissioning will take place during 2008. At this stage the
intention is to fire all three units on diesel. Assuming a maximum capacity of the
combined plant is 120MW, this is equivalent to approximately 60% of the average
load-shedding requirement from City Power by Eskom.

4.2.5 Eskom’s New Build Programme

Eskom’s estimated capacity expansion budget is in the order of R 300-billion up to
2013. It is designed to meet the challenges of electricity reliability and availability
and is aligned with the government target of 6% GDP growth between 2010 and
2014, In terms of the new plant, Eskom is to deliver an additional 14,759MW
generating capacity by 2017. In order to meet this demand, 73% of the budget will
go towards generation projects, 13% towards transmission investments, and the
remainder to improving the distribution network and diversifying the energy mix.
Generation Projects Overview
Generation capacity is planned to more than double, reaching 80,000 MW by
2025. The following capacity expansion projects have already been implemented
under the build programme:

Two new gas-fired power stations in the Cape;

962MW returned to service (Camden);

Installed 430km additional transmission lines;

Construction work on the Medupi Power Station commenced during May
2007,

Construction of Ingula pumped-storage scheme underway.

*3 Energize, April 2008

> Update of Power Security in South Africa - presentation by Eskom, January 2008
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Nuclear energy

Investigations into the use of conventional nuclear power plants to meet some of
this generation capacity are currently underway and with two potential vendors
have commenced. Once the vendor has been selected, the nuclear licensing
process will begin. An EIA for the fist of the proposed power stations is being
conducted on five sites that were previously identified and a draft scoping report is
available for public comment.

Wind energy

The construction of a wind energy facility on the West Coast of South Africa is also
being investigated, with the proposed facility accommodating 50 turbines, each of
2MW, with a total maximum output of 100MW. Subject to the necessary approvals
this facility could be operational by late 2009, or early 2010.

Co-generation

Co-generation involves the use of wasted heat, power and resources, such as
biomass, to generated electricity. Eskom is investigating the use of co-generation
projects to add between 1,000 and 3,500 MW to the national grid. More than 100
industrial companies have responded to the initial call from Eskom and power
purchase agreements are being finalised with those enterprises that can supply a
minimum of 1 MW of electricity on a continuous basis. Larger scale co-generation
projects (between 5 and 1,000 MW) are currently in the planning process.

Transmission Projects

Figure 4.2.5.1: Current and planned transmission Projects™

2009/10 for integration of
Medupi Power Station

Botswana

Mozambique

* KOMATIPOORT
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% Update of Power Security in South Africa - presentation by Eskom, January 2008
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4.2.6 Sustainability Objectives

The following table shows those sustainability objectives which are proposed for
the Electricity Supply sector. The table includes a brief description of each and
objectives are grouped into sustainability headings: Environmental, Economic and
Social.

Table 4.2.6: Electricity Supply Sector Energy Sustainability Objectives

Environmental

1 Mitigation of GHG emissions at National level

2 Ensure local embedded generation is undertaken with minimum impact to
the environment, particularly atmospheric emissions

Economic

1 Maintain electricity affordability, particularly within the poorer sectors of the
population

2 Maintain secure electricity supplies through energy efficiency and
embedded generation

Social

1 Improving Quality of Life by continuation of the electrification programme to
previously non-electrified communities

4.2.7 Sector Summary

Electricity remains for many the energy carrier of choice, and looks set to continue
as such for the foreseeable future. Total electricity supplied to end users with the
CoJ amounts to 49,183TJ per annum, contributing 61% of the Municipality’s
energy-associated CO, emissions.

Whist electricity demand is on the increase, so too are the pressures upon the ESI
to provide the nation with energy. The introduction of EEDSM programmes by the
National utility has come too late to make any significant impact upon the
necessity for new generation capacity. The industry is now in the process of
commissioning new power stations, and rapidly un-mothballing previously
redundant plant, in an effort to meet the prevailing energy demand.

One of the main issues facing the electricity supply sector over the coming few
years will be deregulation of the industry, and no doubt the formation of the REDs
will bring fresh challenges and new opportunities. It must be stressed. However,
that from a sustainability standpoint the provision of affordable and secure power
services at undue expense of the environment must remain a priority. This should
include the provision of alternative energy sources and efficiency measures
wherever applicable.
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4.3 Coal Supply
4.3.1 Coal Supply Sector Overview

South Africa’s indigenous energy resource base is dominated by coal. Many of
the deposits can be exploited at extremely favourable costs. As a result, a large
coal-mining industry has developed. Coal for local electricity production is among
the cheapest in the world. The country ranks as the world’s fifth largest coal
producer. In addition to the extensive use of coal in the domestic economy, large
amounts are exported, mainly through the Richards Bay Coal Terminal. South
Africa is ranked the fourth-largest exporter of steam coal.

South Africa has the world’s fifth largest hard coal reserves and has 10.2% of the
world reserves, or 48.8billion tonnes. Local production of 247million tonnes in
2004 was 5.3% of the world total. Domestic sales rose by 7% from 167mt in 2003
to 179mt in 2004 on the back of growth in demand from the electricity generation
industry.

South Africa’s energy supply picture is dominated by coal, which in 2004
comprised 68% of primary energy supply to the country. Just under half (45%) of
domestic coal supply goes to coal-fired power stations for electricity generation,
and 16% is used by Sasol for liquid fuels production. Only 11% is used by
industry and the commercial and residential sectors.

Figure 4.3.1: 2004 National Primary Energy Supply®
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Most electricity generation plant and Sasol synfuels plant are located around the
major coalfields, and thus distribution networks are unnecessary for most of the
country’s coal. Coal for the industrial, commercial and residential sectors is
distributed mostly by rail directly from the mines to major distribution companies.
From these depots it is then distributed by numerous smaller businesses, down to
small street-level vendors who sell coal in small quantities to households.

4.3.2 Presentation of Energy Data
National Picture
The state of the South African coal market during 2004 is illustrated in Figure
4.3.2.1. The huge dependency of the power generation industry on coal is clearly

evident from the data shown, accounting for 62% of non-export sales.

Figure 4.3.2.1: Sectors of the South African Coal Market, 2004
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4.3.3 Regulatory and Policy Issues in the Coal Supply Sector

The South African Integrated Energy Plan emphasises the predicted dominance of
coal in the energy supply industry for at least the next two decades. The
integrated energy plan has been developed by channelling economic data through
two scenarios based on assumptions and constraints determined by a group of
specialists. The DME emphasises that the integrated energy plan is not a precise
blueprint for the energy sector but is a framework within which specific energy
policy and development decisions can be made, and recognises the need to

%6 Chamber of Mines, Facts & Figures 2004
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balance the requirement of low-cost energy with other imperatives such as social
development, environment and security of supply.

The IEP concludes that coal will remain the dominant primary energy source over
the planning horizon. In all circumstances where monetary cost is the major
driver, coal generally emerges as the least expensive option on financial grounds
alone. In most instances, the impacts of environmental costs and other
externalities are not adequately taken into account. The use of such coal energy
presupposes the increased use of clean coal technologies. Moreover, coal
remains the largest indigenous energy resource currently available.

Notwithstanding coal’'s continued dominance, it is important to diversify energy
resources to other energy forms such as natural gas and renewable energies to
improve supply security, improve environmental performance and facilitate
regional development. This diversification to other energy sources will have
associated cost implications that must be traded off against other benefits on a
project-by-project basis.

4.3.4 Recent Trends in Coal Fuel Usage

Non-export Coal Usage

Between the years 1990 and 2004, the in-country (non-export) coal demand grew
from 134,797kt to 172,712kt, an increase of just over 28% in 14 years. Whilst on a
national scale this might seem modest, it is important to realise that the majority of
the increase was attributable to one sector; Power Generation. The increase in
coal demand for fossil fuel power plant in recent years (54% between 1990 and
2004) has reflected the healthy growth in the South African economy over the
same time period. The trend in power generation sector coal usage is shown in
Figure 4.3.4.1.

Figure 4.3.4.1: Historical trend of coal usage for power generation
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Exports

Coal exports increased steadily between 1992 and 2000, but have since levelled
off and have recently dropped slightly. Indeed, between 2005 and 2006 exports
declined by 3% to 68.9 million tons in 2006. Total thermal coal exports decreased
by 3.1% to 67 million tons. European demand for coal softened considerably
during 2006 and exports to Europe declined by 5.2% to 51.3 million tons. The
historical trend in total coal export figures is shown in Figure 4.3.4.2.

Despite recent export reductions, South Africa has regained the world’s third rank
in terms of thermal coal exports as a result of the decline in China’s exports in
2006. Europe still constitutes 76% of South Africa’s export market share. Exports
to the Middle East increased by 8.4% to 7.1 million tons in 2006 and now
constitute 11% of total coal exports.

Figure 4.3.4.2: Historical trend of total South African coal exports®’
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Coal Prices

The average non-export coal price has increased from 48.9 R/tonne in 1997 to
91.6 R/tonne in 2006, a rise of 87% in 9 years. Year-on-year increases over the
same period are illustrated in Figure 4.3.4.3, and have kept largely in step with
domestic inflation figures.

More recently, however, suppliers have been increasingly attracted to the more
lucrative export market driven by a surge in Asian coal demand and a worldwide
coal shortage. This has placed huge pressure on local coal users in terms of coal
price and availability, power generation in particular. Whilst Eskom paid an

> DME Energy Digest, 2006 and South African Chamber of Mines 2006 Yearbook
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average of from R80/tonne to R90/tonne for the 80% of its coal that it bought
through long-term contracts during 2006/2007, it is increasingly having to source
coal from short-term contracts, (currently accounting for one-fifth of its usage) and
this coal can cost as much as R160/tonne.

Figure 4.3.4.3: Historical trend of South African coal price®®
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Discards

The beneficiation of coal, particularly for export, results in more than 65 Mt of coal
discards being produced annually. Of the run-of-mine coal produced, 21% goes to
the export market, and 21% is used for local demand (excluding power station
coal). The rest is not saleable and is therefore discarded. Total discards could
reach 2,000Mt by the year 2020°°. Ways to make use of these discards are
therefore being investigated.

%8 South African Chamber of Mines 2006 Yearbook

*® DME 2006 Energy Digest
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4.3.5 Sustainability Objectives

There are no active coal mining operations still in existence within the CoJ
boundary, and all Coal Supply Sector activity is now limited to wholesalers and
distributors only. As such, the provision of sustainability indicators is not
appropriate for this sector and has been omitted.

4.3.6 Sector Summary

The South African economy has been built on coal, and the mining sector remains
an important contributor to the National GDP. The power generation sector relies
on coal supplies for the vast majority of its generation energy needs and will
continue to do so for many years to come. Historically, coal has been a cheap fuel
in financial terms. When environmental and social externalities are considered,
however, the long-term inclusive cost of coal begins to appear less attractive. The
use of triple-bottom-line accounting is not yet widespread; neither within the
private sector nor Government and methodologies of project feasibility
assessments continue to ignore external costs.

More recently, in the last 2-3 years, the worldwide demand for coal has risen
significantly. This has put pressure on local suppliers to switch from the domestic
marketplace to the international one, leading to a two-fold effect locally of
restricted supplies and increased costs. Whilst some analysts predict coal price
hikes of 150-200% during the next four years, it is certain to say the era of cheap
coal is over. Evidently the knock-on effects will be significant, and this has already
manifested itself in the recent application by Eskom to NERSA for a 53% increase
in tariff rates, partly driven by the increased cost of fuel-stock.

As international pressure is brought to bear on the worlds highest CO, emitters,
National Government and the utilities must look towards new technologies for both
power plant combustion and large industrial applications which use coal. The use
of several clean-coal technologies have been proven and are now widely practiced
in Europe and beyond; the uptake of Carbon Capture techniques is becoming
increasingly viable, as financial value is attached to the mitigation of Carbon
production.
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4.4 Liquid and Gaseous Fuels Supply

4.4.1 Liquid and Gaseous Fuels Sector Overview

Introduction

Most of South Africa® energy needs are met by its huge coal reserves, and liquid
fuels account for around 30% of domestic energy consumption; gas accounts for
just 2%. Approximately 30% of the liquid fuel consumption is met from the
country® synthetic fuels industry, currently the largest in the world. Demand for
petrol and diesel dominates the petroleum products sector, at around 40% and
25% respectively. Daily consumption of liquid fuels is around 460,000 bpd®, with
domestic crude production accounting for some 50,000 bpd, and synfuels and
petroleum imports making up the rest.

Distribution Systems

South Africa has three oil import terminals at Durban, Cape Town and Saldanha
Bay. It also has one main crude oil pipeline extending from Durban terminal, via
Richards Bay and Newcastle, to the Natref refinery in Sasolburg, with an extension
at Witbank. PetroSA owns a pair of 91km gas pipelines transporting natural gas
and condensate from fields in the offshore Mossel Bay to the Mossgas GTL
Complex.

Most of South Africa® petroleum, gas and liquid fuels-distribution network is
owned, maintained and operated by Petronet, a subsidiary of the state-owned
transportation company, Transnet. Petronet was established in 1965 and has two
main pipeline routes. The liquid fuels route traverses the KwaZulu-Natal, Free
State, Gauteng, North West and Mpumalanga provinces, with two intake stations
at the refineries in Durban and the Sasol 2 and 3 synfuel plants in Secunda. The
network also includes a tank farm with a capacity of 30 million litres at Tarlton,
which is used mainly for storage as well as the distribution of liquid fuels into
Botswana. The gas pipeline was previously used for liquid fuels and extends from
Secunda to Durban via Empangeni, with take-off points at Newcastle and Richards
Bay, as well as along the route between Empangeni and Durban.

Sasol supplies coal gas and, more recently, some quantities of natural gas from
Mozambique from its own network spread over 1,500km, from the processing
facilities at Secunda and Sasolburg to Johannesburg, Rosslyn, Middleburg and the
SDB.

® ppd = barrels per day

Notes:

a) 1bpd is equivalent to 49.8toe per annum

b) 1toe has a gross CV of approximately 42GJ
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Petrol and Diesel

Petroleum products are distributed in the domestic and regional markets, as well
as the Indian and Atlantic Basin markets. South Africa® domestic liquid fuels
supply infrastructure consists of around 4,900 service stations and the country
consumes an estimated 23 million tonnes of liquid fuels products annually, around
one-half of which is petrol and 26% diesel, with the Gauteng area accounting for
the greatest demand.

Until December 2003, a government-brokered agreement compelled the oil
industry to uplift branded products from both the Sasol and Mossel Bay plants and
distribute via privately owned service stations, based on each company® share of
the domestic market, in order to accommodate the country® synthetic fuel
production. In a bid to secure a market for its output at the end of the agreement,
in November 2004, Sasol and Engen announced their intention to form the largest
service provider in the country, Uhambo, which was to control approximately 33%
of the downstream market, some 35% of the petrol market and 34% of the diesel
market. Amidst cries of protest from smaller retailers and marketing companies,
however, South Africa® Competition Tribunal ultimately vetoed the deal, which
would have virtually locked out competition from the inland areas, where Sasol will
continue to hold a monopoly at least until the completion of the Petronet pipeline in
2010. The tribunal ruled against the merger on the grounds that it would suffocate
competition and give Sasol-Engen too great a position in the downstream sector.

Paraffin

Paraffin distribution largely unregulated and is primarily market-driven. Paraffin is
distributed from the refineries to oil company-owned bulk depots whereupon small
transport companies transport to the numerous medium and small outlets in urban
areas.

The government regulates paraffin prices up to the wholesale level and thereafter
recommends a retail price at a maximum 40% mark-up on the wholesale price. It
has also made paraffin VAT exempt to ease the burden on poor households. This
is seen as an effective means of subsidising such households, as a significant
proportion of all paraffin sold is used by this income group. Paraffin supply chains
reach into all urban areas. A study undertaken in 1997 indicates that supply chains
are not excessively long, and that price mark-ups are usually not overly high®*.

61 Department of Minerals and Energy, The potential for improved rural energy supply via cooperatives and
private entrepreneurs, 1997.
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LPG

LPG is transported from the refineries to large distributors and on to medium-sized
distributors. It is generally bottled at the refinery, although depots with mini-bulk
tanks are becoming more common. The LPG distribution network is not as well
developed as that for paraffin, as barriers exist to the establishment of small
outlets, including:

Prospective new retailers need to undergo training and their premises
need to comply with various safety requirements;

The necessary space for safe LPG storage is often not available in
dense low-income settlements;

LPG bottles are difficult to transport to and from distant outlets, imposing
a cost on dealers; and

Limited LPG demand exists as poorer households cannot generally
afford the necessary outlay for bottles and appliances.

There is currently no price regulation of LPG, although government is exploring
this possibility.

Egoli Gas

The history of gas distribution in Johannesburg dates back over 100 years to 1892
when the Department of Water and Gas (later to become Metro Gas) distributed
Johannesburg® first town gas from a site on President Street. The company
proceeded to manufacture its own gas from a site in Cottesloe, until 1992, when it
commenced purchase of its entire gas requirements from Sasol. In 2000 the
Metro Gas business was sold to the newly formed Egoli Gas (Pty) limited and
marked the first successful privatisation of a council-owned facility. At that time
the company® gas was manufactured at factories in Sasolburg and Secunda and
supplied to Egoli Gas via high-pressure pipelines. In 2004 Egoli Gas converted
from coal-manufactured gas to natural gas. Natural gas is currently supplied from
Mozambique to South Africa via an underground high-pressure steel transmission
pipeline.

The gas is stored at the high-pressure, bulk storage facility situated at Langlaagte
where the gas intake, as well as its distribution, is automatically controlled. The
gas is piped from Langlaagte to Cottesloe and stored in low-pressure holders
before distribution to consumers. The company currently maintains 1,200km of
gas pipeline and provides gas to approximately 7,600 end users. Prior to 2004 the
company supplied to some 12,000 customers, but over 4,000 of these we lost due
to the conversion to natural gas and the necessary appliance conversion
requirements®.

®2|n terms of appliance conversion, injectors and regulators were required to be changed and, where that was
not possible, appliances needed to be replaced.
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Egoli Gas currently supplies in excess of 1,800,000GJ per annum across its
customer base which is split between domestic, industrial and commercial users.
Sasol has a licence agreement with CoJ to supply natural gas to the greater
Johannesburg area. However, this supply agreement is presently capped at 4.7-
million GJ per annum, which implies that capacity expansion on the existing
system is limited to 2.9-million GJ per annum. Notwithstanding this the company
has adopted a marketing campaign focussing around end-user nodes, such as
Sandton CBD, and anticipates an increase in gas sales of 25% for the 2008-2009
financial year.

4.4.2 Presentation of Energy Data
Liquid Fuels

The South African Petroleum Industries Association (SAPIA) gathers data on liquid
fuels sales and prices on a provincial basis, which are published quarterly and
available via the SAPIA website®.

Municipality-wide data is somewhat more difficult to access, as total data is
aggregated using information gathered by magisterial district. For the purposes of
this report, the raw SAPIA data has been taken by Magisterial District and
adjusted according to percentage area falling within/outside the CoJ Municipal
Boundary. The data shown in Table 4.4.2.1 (and illustrated in Figures 4.4.2.1 and
4.4.2.2) have been further refined from the raw SAPIA data, as they include
accurate end-user data which has been provided from CoJ and associated with
Municipal transport energy usage.

Table 4.4.2.1: CoJ liquid fuels sales (1,000 litres) by end-user sector, 2007

End User Sector Diesel HFO IP LPG Petrol Total
1,000Is 1,000Is 1,000Is 1,000Is 1,000Is TJ

Agriculture 1,584 0 190 0 72 70
Construction 26,269 0 48 1 127 1,007
Garages, General Trade 680,710 2,654 46,378 2,134 1,699,546 85,943
National Government 1,320 0 0 0 399 64
Local Authority (LA) 8,939 0 0 0 3,741 469
Mining 20,120 0 6 0 241 775
LA Public Transport 6,787 0 0 0 0 259
Non-LA Public Transport 21,093 0 0 0 304 814
Commercial Transport 62,939 0 0 0 2,492 2,483

Total 829,761 2,654 46,622 2,135 1,706,921 91,883

®3 www.sapia.org.za/rsacons.htm
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Figure 4.2.2.1: CoJ liquid fuels sales by end-user sector, 2007
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Gaseous Fuels

The last three financial year’'s gas supply data for the CoJ is shown in Table
4.4.2.2. 1t is interesting to note the reduction in household gas usage of almost
25% since 2005, although the trend in multi-dwelling premises is on the increase.
Figure 4.4.2.3 illustrates the 2006/07 dataset in graphical format.

Table 4.4.2.2: CoJ gaseous fuels sales by end-user sector, 2005-2007

End User Sector 2004/05 2005/06 2006/07

Restaurants & Hotels 136,000 128,000 139,000
Domestic (households) 126,000 105,000 97,000
Domestic (multi dwelling) 129,000 125,000 142,000
Industrial 1,367,000 1,242,000 1,451,000
Total 1,758,000 1,600,000 1,829,000

Figure 4.2.2.3: CoJ gaseous fuels sales by end-user sector, 2006/07
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4.4.3 Regulatory and Policy Issues relating to Liquid Fuels
Pricing Policy

The petrol price in South Africa is directly linked to the price of petrol in US dollars
in certain international markets for petrol. The specific markets referred to are
those "East of Suez" including, inter alia, the Arabian/Persian Gulf, the Pacific Rim
countries and Australasia. This means that the domestic price is influenced by
supply and demand for petroleum products in the international (East of Suez)
markets, combined with the Rand/Dollar exchange rate.

The price of petrol in South Africa comprises of two main elements: the
international element and the domestic element.

International Element

Free-on-Board Value: An average of the "free-on-board" (FOB) petrol
prices listed by four international export refineries is used to calculate the
FOB portion of the landed cost. The value reflects the purchase price for
petroleum products should South Africa be required to import significant
volumes of these products.

Freight: Standard international tariffs from the Worldscale publication for
voyages from Bahrain and Singapore to South African ports are used as
a base.

Insurance: Lloyds of London determine insurance tariffs for different
voyages according to prevailing risks to and from different areas in the
world (for cargo insurance purposes) for different product types.

Ocean Leakage: In international crude oil and petroleum products
trading, shipping and insurance, a loss of 0,5% for crude oil and 0,3% for
products has been accepted as a normal leakage and evaporation loss.

Domestic Element

Inland transport costs (Zone differential): Transport costs to the different
pricing zones are determined by using the most economical cost of
transporting the product from the coast to the inland depot serving the
area or zone. The country is divided into A, B and C zones according to
the dominant mode of transport e.g. pipeline (C - zones).

Delivery cost: This element compensates marketers for actual depot
related costs and distribution costs from the depot to the end user. The
element is calculated on actual historic costs (1 year previously)
averaged over the country and industry.

Wholesale margin: The margin is a fixed maximum monetary margin.
The formula used to determine the wholesale margin is based on the
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results of a cost and financial investigation by a firm of chartered
accountants (Deloitte & Touche) into the profitability of the wholesale
marketers. The level of the margin is calculated on an industry basis and
is aimed at granting these marketers a benchmark return of 15% on
depreciated book values of assets, with allowance for additional
depreciation, but before tax and payment of interest.

Retail margin: The retail profit margin is fixed by the Department of
Mineral and Energy Affairs and is determined on the basis of the actual
costs incurred by the service station operator in distributing petrol. The
model does not provide for an actual net profit component but the
manner in which the margin is determined creates an incentive to
dealers to strive towards greater efficiency. In doing so, they can beat
the average and realise a net profit proportionate to their efficiency.

Equalisation Fund Levy, Fuel Tax, Customs and Excuse Duty and Road
Accidents fund.

4.4.4 Recent Trends in Liquid and Gaseous Fuels Supply
Clean Fuels Initiative

South Africa® refineries were upgraded in 2005 to come into line with government
regulations over cleaner fuels. From 1% January 2006, all petrol sold in South
Africa is unleaded, while all diesel is ultra low sulphur. The changeover has now
been completed, but implementation was not without its problems. In December
2005, leading up to the changeover, there were widespread fuel shortages caused
in part by the new regulations (and in part by panic buying). These problems were
ironed out, but the government did raise questions over the level of stocks held by
refineries and marketing companies and blamed them for not complying with
regulations stating that they must hold a minimum of 25 days of supply.

Global Oil Prices

Since the mid 1980s the inflation adjusted price of a barrel of crude oil on NYMEX
had been generally under $25/barrel and was still at this level in September 2003.
A series of events led the price to reach over $60 by August 11" 2005, surpass
$75 in the summer of 2006, fall below $60/barrel by the early part of 2007, then
rise steeply, reaching $92/barrel by October 2007 and $99.29/barrel for December
futures in New York on November 21% 2007. Throughout the beginning of 2008,
oil hit several new record highs. On February 29" 2008, oil prices hit an inflation-
adjusted all-time peak at $103.05 per barrel, and reached $110.20 on March 12"
2008, the sixth record high in seven trading days. Oil prices reached $126.20 a
barrel on May 9™ 2008 due to "heavy speculative buying by hedge funds.”®* The
most recent record price per barrel of $135.09 was reached on May 22nd, 2008.

® The UK Guardian, May 9, 2008
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Figure 4.4.4: Short-term Oil Prices January 2006- January 2008

The most important factors contributing to the current rise in worldwide oil prices
have been an increasing demand from expanding economies (mainly in China and
India but also elsewhere) while supply has been artificially curtailed through the
OPEC oil cartel. While efforts are underway to increase supply, for example
through a number of new mines in Canada® tar sands region which is estimated
to contain as much "heavy" oil as all the world® reserves of "conventional”" olil,
such efforts lag behind the increasing demand of recent years.

An important contributor to price increases has been the slow-down in oil supply
growth, which has continued since oil production surpassed new discoveries in
1980. The fact that global oil production will decline at some point, leading to
lower supply is the main long-term fundamental cause of rising prices. This is
because there is a limited amount of fossil fuel, and the remaining accessible
supply is consumed more rapidly each year. Increasingly, remaining reserves
become more technically difficult to extract and therefore more expensive.
Eventually, reserves will only be economically feasible to extract at extremely high
prices. It is thought by many that prices could continue to rise indefinitely until new
market equilibrium is reached, at which point supply suffices worldwide demand.
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4.4.5 Sustainability Objectives

The following table shows those sustainability objectives which are proposed for
the Liquid and Gaseous Fuels Supply sector. The table includes a brief
description of each and objectives are grouped into sustainability headings:
Environmental, Economic and Social.

Table 4.4.6: Liquid and Gaseous Fuels Supply Energy Sustainability Objectives

Environmental

1 Encourage long-term reductions in local pollutants by the promotion of
cleaner-burning fuels, such as Natural Gas and LPG

Economic

1 Promote affordable access to appropriate energy sources

2 Ensure a secure energy supply infrastructure

Social

1 Reduce the potential harm to households and communities resulting from
paraffin poisoning and fires

4.4.6 Sector Summary

The vast majority (some 97%) of the supply of liquid fuels within the City of
Johannesburg is associated with transport, in the form of diesel or petrol. The
efficient use of these fuel sources is, therefore, inextricably linked to any
interventions and improvements made within the Transportation Sector of the CoJ.

Insofar as the supply of liquid and gaseous fuels, all are imported into the CoJ
either by pipeline or road-tanker, and there are no active gas generation
operations still in existence within the Municipal boundary. All downstream supply
activity for both gaseous fuel and liquid fuels is now limited to the major
distributors, wholesalers and traders. Notwithstanding this, the sector remains a
significant player in the overall energy picture of the City, both in terms of usage
and emissions. During 2007, the liquid and gaseous fuels sector contributed no
less than 32% to the total CoJ Carbon footprint, and over 62% of its overall energy
usage in Terajoule terms.

The future of liquid fuels usage within the CoJ, and in South Africa as a whole,
would appear assured in the short-term due to the country’s present reliance on
road-based transport. However, the surging international oil price is putting
increasing pressure on the consumer to minimise vehicle usage and to consider
alternative and more economical alternatives. Public transport options such as
Gautrain and BRT should enable a wider uptake of public transport usage.
Environmental outcomes in the longer-term future will inevitably depend upon a
clean, safe and reliable inter-city/inter-province transport system which is
accessible and affordable to all.
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4.5 Renewable and Biomass Energy Supply
4.5.1 Renewable Energy Sector Overview

In May 2004, the Department of Minerals and Energy (DME) published the White
Paper on Renewable Energy Policy. This targets the provision of 10,000GWh
(accumulative over a period of 10 years) of electricity from RE resources (mainly
biomass, wind, solar and small-scale hydro projects) by 2013. This is
approximately 4% of the country’s electricity demand, or equivalent to replacing
two 660MW units of Eskom’s combined coal-fired power stations. At present, less
than 1% of the 200,000GWh of electricity generated annually in South Africa
originates from renewable sources®. Achieving the 10,000GWh for 2013 is based
on an evaluation of the macroeconomic impacts on GDP, improvement in low-
income households’ income, capacity for employment creation and the impact on
black economic empowerment (BEE). In pursuing this target, more than 35,000
jobs would be created, more than R5 billion would be added to GDP, and R687
million would be added to the incomes of low-income households.

The theoretical potential for renewable energy uptake is very large, but the key
challenge is to translate this into technical, economic and market realities. This
can be seen from the review of estimates of renewable energy potential presented
later in this section, which are highest for solar, yet the implementation of wind
energy technologies is further advanced than for solar thermal. Biomass
dominates among renewable sources for primary energy supply, but contributes
very little to commercial energy production. For renewable liquid fuels, bio-diesel
and bio-ethanol have begun to attract attention from Government and appear to
have the most immediate promise.

The use of bulk renewable sources is still primarily at the research, development
and demonstration phase. The first wind farms are being installed, by Eskom and
the Oelsner group. Other technologies are being researched in the SABRE-Gen
programme. Green electricity marketing was explored at WSSD, but is still in the
planning stage for wider extension. Much of the effort on renewable energy
development has been off-grid, notably the schools and clinics programme and the
recent extension of Solar Home Systems through the concessions programme.
Transport interventions have focused on travel demand, fuel switching and bio-
fuels, but impacts so far has been minimal.

4.5.2 Solar Energy
Overview of National Potential
South Africa has one of the highest levels of solar radiation in the world (See
Figure 4.5.2). The average daily solar radiation varies between 4.5 and 6.5kWh/

m? compared to about 3.6kWh/ m? for parts of the United States and about 2.5
kWh/ m? for Europe and the United Kingdom.

8 Source: DME communication, 2004
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Figure 4.5.2: Annual diffuse and direct solar radiation®

It can be seen from the above that Johannesburg has fair levels of annual solar
radiation in comparison to other parts of the country. Good potential does,
therefore, exist for solar water heating and the use of photovoltaic technology
within the CoJ as described below.

Solar water heating

Domestic solar water heating (SWH) currently comprises about 1.3% of the solar
energy market in terms of numbers. SWH can reduce domestic electricity
consumption by approximately 30%. Due to the high initial capital cost, virtually no
solar water heaters are found in low-cost housing areas. As such, until very
recently, increased access to affordable energy services for disadvantaged
households has not been provided by solar water heaters. Nevertheless, SWH
could make a major contribution in respect of reducing household expenditure and
increasing job creation through the manufacture, sale, installation and
maintenance of SWH especially in disadvantaged communities.

Photovoltaic Systems

Photovoltaic (PV) systems are used for powering telecommunications networks,
applied in small-scale remote stand-alone power supplies for domestic use, game
farms and household and community water pumping schemes. The installed PV
capacity is estimated at 12MW (DME, 2003).

® CSIR, 2002
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Off-grid PV systems include a wide range of applications and sizes. The majority
of off-grid systems are small solar home systems. The DME has established a
concession process for off-grid rural electrification. Six concession areas have
been identified and concessionaires have been awarded concessions in five of
these.

The technology in areas such as: materials, cell performance, module design,
manufacturing techniques, control systems, electrical integration and installation
methods etc, is advancing rapidly. This has resulted in there being a wide choice
of options to deploy PV in the built environment including: roof-top modules,
replacement roof tiles, building facades, rain-screens, translucent glazing, etc.

Barriers to uptake of Solar Energy

Historically, there has existed limited general information and awareness regarding
SWH such that the benefits are not appreciated. The initial installation cost of
SWH is high and affordable financing schemes have not been offered. Electricity
tariffs remain low, such that people perceive the installation of SWH as not worth
the initial expenditure. Potential customers are also wary about quality assurance
of SWH due to historical problems with SWH reliability.  Accreditation of
manufacturers and installers to a professional association is one obvious solution
for quality assurance. This must be backed up by standards approved by the
South African Bureau of Standards.

Summarising the biggest barriers to installing SWH are attractive financing,
information availability, marketing and the perception of being inefficient and
unreliable. Affordable financial and service loans could be developed for buying a
SWH.

Solar Street Lights in Zandspruit

CoJ and City Power have partnered with BEKA (Pty) Ltd in a pilot project to install
twenty Solar Street Lights at the informal township of Zandspruit in the northern
suburbs of Johannesburg. The technology used in each of these solar lights
comprises:

* A solar panel rated at 85W;

* Post-top luminaire with one 11W CFL operated through an inverter;

* A Solar Box holding the battery and regulator in a theft-resistant housing;

This initiative will improve the quality of life of these communities, especially in
areas where conventional forms of energy is unavailable due to geographical or
environmental reasons

The City of Johannesburg, in partnership with the Clinton Climate Initiative, has

subsequently decided to extend the implementation of this Street Solar Energy
programme at Zandspruit.
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Solar Water Heating in Cosmo City

170 solar water heating (SWH) units have been installed amongst low cost
housing within the mixed-use housing Cosmo City development. Further units will
be implemented in additional phases of the project. This initiative embraces the
National Policy on Renewable Energy, as well as supporting the DSM objectives in
reducing energy demand in the residential sector.

The project has been earmarked as one of the City’s potential Clean Development
Mechanism (CDM) projects.

4.5.3 Wind Energy
Overview of National Potential

Wind power potential is fairly good along most coastal and escarpment areas.
The upper limit of wind energy thought available to be captured in South Africa is
estimated at 3GW. The DME estimates that wind power could supply at least 1%
(198,000GWh) of South Africa’s projected electricity requirements. There is a
large discrepancy in wind resource development potential estimates for South
Africa. Eskom estimates the wind resource in South Africa to be capable of
providing between 500MW to 1000MW of wind-generated electricity®’. The South
African Wind Energy Association, on the other hand, suggests that wind energy
may supply 7 - 10% (3000MW) of South Africa® electricity by 2020. The South
African government has recognised the importance of wind energy in a future
energy mix and has declared the Darling wind farm project, in the Western Cape,
a national demonstration project.

4.5.4 Hydro Energy
Overview of National Potential

Currently there are 8 licensed small-scale hydro facilities (smaller than 50MW)
which have a combined capacity of 68MW. DME estimates that the power
generation potential of small hydro schemes amounts to 9,900GWh per year.
Furthermore, there are an estimated 3,500 to 5,000 potential sites for mini-hydro
(<10MW) along the eastern escarpment, and currently six such schemes exist.

There is a significant potential for development of all categories of hydropower in
the short and medium terms in specific areas of the country. With reference to
Figure 4.5.4 it can be seen that Eastern Cape and KwaZulu Natal provinces are
endowed with the best potential for the development of small hydro schemes.

7 Eskom Enterprises, TSI Division: Environmental Impact Assessment for the Eskom Wind Energy

Demonstration Facility in the Western Cape: Final Environmental Impact Report
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Figure 4.5.4: Provincial representation of hydropower capacity, production and
potential. This represents all categories of hydropower including pumping storage
but excluding imported hydropower®®

4.5.5 Biomass and Fuelwood

Energy from biomass includes power and heat generated from energy crops,
forest residues, vegetable or animal wastes and by-products, municipal waste and
wood waste. These can provide significant — and importantly despatchable -
guantities of low-carbon energy. However, often the translation from concept
through to a real project is hampered by the number of decisions that need to be
made. For example there is a vast range of potential sources, conversion
technologies (combustion, pyrolysis, gasification, anaerobic digestion), fuels (gas,
liquid, solid and refuse derived fuel), and methods of delivering the final service —
heat, power, CHP and district heating.

Whilst internationally there are examples of success in, for example, the
combustion of large quantities (100,000 - 400,000 tonnes/yr) of poultry litter and
straw in steam-raising boilers associated with co-generation systems generating
20-50MWe, there have been few successes (indeed a few high profile failures) to

8 DME, 2002
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demonstrate electricity from biomass by advanced conversion technologies (i.e.
gasification / pyrolysis). Businesses or Local Authorities likely to be able to exploit
biomass energy technology will not be operating at the scale of the commercially
successful electricity generating projects described. They are more likely to utilise
a few hundreds or thousands of tonnes per year of clean biomass pellet fuel in
heat only boilers of 200-1,000kW thermal output. Such biomass fuel resources
are the most reliably available and easy to handle within a commercial business
environment.

Gasification and Pyrolysis

Gasification and pyrolysis are the advanced conversion technologies with
substantial research and development pedigrees within Europe. The technology
has a well-proven track-record and is rooted in the conversion of coal to ‘town-
gas’. Gasifiers utilise closed reaction vessels (normally refractory-lined steel
vessels), containing fluidised sand beds which heat and convert biomass into a
fuel-gas and carbon char. There is no open furnace or combustion grate as found
in a conventional boiler or incinerator system; a gasifier is simply a closed reaction
vessel in which a well controlled thermo-chemical reaction takes place. The fuel-
gas thus produced includes such constituents as hydrogen, carbon monoxide,
carbon dioxide, methane, ethylene, and ethane. The actual proportions of each
constituent gas depend on the biomass feedstock and the gasifier type. The fuel-
gas is cooled, filtered and cleaned of any impurities and fed to the energy
conversion process with which it has been linked.

The basic technology has a well-proven track-record, but many design variants.
The different designs depend on the type of feedstock, the scale (a few 10s of
kilowatts up to 50MW), the energy conversion plant the gas is utilised in (boiler or
gas-engine), and the intended final end-product (heat and/or power production).

Overview of National Potential

The main sources of biomass energy are fuelwood in the rural domestic sector,
bagasse in the sugar industry, and pulp and paper waste in the commercial
forestry industry for in-house heat and electricity generation. The total biomass
potential is given in Figure 4.5.5.
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Figure 4.5.5: Total biomass potential in South Africa®

Fuelwood is the main source of energy for most rural households. Biomass in the
form of firewood, wood waste, dung, charcoal and bagasse accounts for close to
10% of net energy use at a national level.

Wood and wood waste for power generation

The viability of wood as an energy source suitable for electricity generation lies
within the wood, pulp and paper industries. The Renewable Resource Database
modelling of the wood and pulp industries’ energy potential based on availability
and energy content calculates the electricity generation capacity for sawmills at
7,600GWh per year, and for pulp mills at 4,500GWh per year.

Bagasse
Bagasse currently produces 210GWh per year in terms of electricity generation.

The potential Bagasse generation capacity is approximately 1,400 GWh per
70
year™.

9 CSIR, 2002

70 Energy Research Council. Renewable energy technologies for poverty alleviation. Initial assessment report:
South Africa
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Manure and litter

The potential exists to utilise the manure and litter from livestock to generate
methane gas through anaerobic fermentation in biogas plants. The potential
energy from livestock manure and litter is approximately 5,600 GWh per year*.

Fuelwood

The national fuelwood stock is a very valuable resource and annual fuelwood
demand is estimated to be worth R3 to 4 billion. Locally, the demand is very
variable and appears to be higher where more wood is available. Where fuelwood
is the major energy source households consume about 1 to 4 tonnes per year.
Fuelwood is a renewable resource and, if harvested in a sustainable manner, it will
meet the energy needs of the rural poor for many decades.

Growing trees for sustainable fuelwood harvesting has environmental and socio-
cultural value; the carbon sequestration potential and the international trading of
carbon credits are also of potential benefit. However, the use of fuelwood
contributes to local air pollution and emissions associated with incomplete
combustion. Subsidies or other support measures for healthier wood-burning
techniques and ventilation of smoke could reduce the health costs and hazards of
smoky fuelwood use.

At the national level, 20% of all households use fuelwood for cooking and space
heating. At the local level the situation is very variable and in some areas more
than 50% of households use fuelwood as their primary energy source. Available
data regarding the use of fuelwood as an energy resource within the CoJ is
included in Section 3.2.2.

Energy from Municipal and Industrial Waste Steams

In literal terms the generation of energy from waste sources cannot be termed
renewable, and any long-term energy planning based upon sustaining waste
steams would be in contradiction to national waste management policy. There
are, however, limited opportunities to harness energy derived from the existing
waste burden and much of the recent attention focussed upon such projects has,
in part, stemmed from funding opportunities which have arisen via the UNFCCC
Clean Development Mechanism. These projects primarily involve landfill gas-to-
electricity technology.

South Africa disposes most of its refuse to landfill sites. The net realisable energy
available from waste-derived methane is in the order of 36MWh (1.13PJ) per
annum for electricity generation and 96MWh (3.0PJ) for heating purposes 2.
Options for energy production from municipal waste are being examined including
biogas digestion as well as methane gas from landfills.

"l Stassen, 1996

2 DME/Danced CaBEERE Project Report, 2001
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Anaerobic Digestion

Anaerobic digestion (AD) is the degradation of organic materials such as food
residues, animal slurries, sewage etc in the absence of oxygen by micro-
organisms. There are two principal products of anaerobic digestion:

Biogas — a mixture of methane and carbon dioxide, which, by
combusting the methane, can be used to generate energy;

Digestate — the solid and liquid residues which have potential agricultural
and horticultural uses.

There are two main operating temperature regimes for AD processes: around 35
Celsius (mesophilic) and around 55 Celsius (thermophilic). The advantages of
mesophilic operation are that it is well understood and requires less heat to
maintain operation. Thermophilic systems generally operate at a faster rate and
more rapid and complete sanitation of the waste is achieved. The temperature
regime of the system will depend on the application of the digester. Thermophilic
operation is gaining popularity in Europe where a sanitisation (pasteurisation)
stage is required for the treatment of certain wastes at 70 Celsius for one hour.

Anaerobic digestion of food manufacturing waste may require pre-treatment
depending on its quality. Pre-treatment may include size-reduction, screening to
remove large contaminants and dilution to obtain optimum water content. The
waste is then mixed with previously digested material to dose it with the digestion
micro-organisms. The mixed feedstock is introduced to the digestion vessel where
degradation and gas production occurs. The digestion normally takes between 14
and 28 days, by which time about 25% to 50% of the organic matter will have been
degraded.

4.5.6 Biodiesel
Overview of National Potential

Biodiesel is a fuel oil made by a transesterification process from oil plants such as
sunflower, soy, rape and cotton seed or from waste cooking oil. It may be used in
any diesel motor vehicle and mixed in any ratio with mineral diesel.

South Africa could produce 1.4billion litres of biodiesel per annum, amounting to
20% of the country’s diesel consumption’®. A 2003 study by DST showed that
biodiesel can be produced with borrowed capital at a break-even factory price of
R3.06 per litre. When a ROI of R0.40 per litre is added to this figure, it means that
the gate price of biodiesel is R3.46 per litre. Adding taxes, levies and wholesale
margins, the biodiesel wholesale price would amount to R4.54. This means that a

3 DST, 2003
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corresponding subsidy would be required, and to ensure fiscal neutrality, a
premium on the price of petrol.

There are three major market niches for Biodiesel:

Blending biodiesel with petroleum diesel for the transport sector is the
most common market outlet for biodiesel in other countries and is
estimated to absorb the largest amount of biodiesel in the future;

Cooperatives with surrounding producers and customers. This model
has been successful in some European countries;

Using biodiesel as an energy source for energising villages in remote
rural areas which have no access to other modern energy sources.

Biodiesel from Algae’™

This technology involves the growth of algae on a suitable medium, such as
sewage, which are then harvested and converted, as for any vegetable oil, into
biodiesel. This is potentially a highly productive mechanism for producing
biodiesel, particularly as ‘algal bloom’ can be a problem on wastewater treatment
works.

Research indicates that the order of magnitude required to produce a significant
volume of biodiesel in this way are within the scope of the City’s current operations
and processes. Algae produce about 30 times more oil per hectare than the
conventional land-based plant oil production. This suggests that one hectare of
algal ponds could produce 400 litres of biodiesel per day.

Further research carried out for the City of Cape Town indicates that the Cape
Town area has the potential to produce 3TWh of LPG equivalent energy per year
in biodiesel. According to the same research, this would have additional benefits
as follows:

R100 million per year of saving through the use of in sink food
processors to reduce collection and landfill costs. (Source of costs: City
of Cape Town, 2005);

R360 million of savings per year through the elimination of sewage
processing costs based on sewage processing cost of R1000/MI,
(Source: City of Cape Town);

R300 million of saving through the recycling of the estimated 360,000MI
per year of water which is presently permanently lost through heavy
metal and VOC contamination with industrial effluent;

™ Information taken from the draft report: Investigation into the various Potentials of the Renewable Energy
Technologies Sector for eThekwini; Institute for Zero Waste in Africa (2006)
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Job creation from the production of biogas, food, oil from micro-algae
and associated Biodiesel;

Organic, biodiverse local food security;

Energy Security, as all of the Western Cape® vehicle fuel needs can be
achieved with micro-algal oil production from 106 hectares of community
owned micro-algae ponds;

Health and Environmental benefits, through the reduction in the
dependencies on toxic coal and petroleum based fuels.

Barriers to the uptake of Biodiesel

Although the technology behind the production biodiesel is relatively simple, the
implementation of a biodiesel programme is complex because of the many
stakeholders involved and the incentives and mechanisms required in order to
make it economically viable.

Commercial-scale biodiesel plant requires substantial initial capital
outlay, and starting capital may be needed to assist small-scale and
community producers to set up biodiesel plants.

There is a lack of information and awareness on the benefits of
Biodiesel;

Biodiesel's entry into the market faces legal and regulatory issues,
including the development of appropriate standards;

Limited water resources must be carefully assessed before large-scale
oil crop plantations are started;

If poverty alleviation is to be achieved, emergent farmers and farmers in
disadvantaged areas should be included in the programme as a priority
and the lack of infrastructure in disadvantaged areas addressed,;

In conclusion, the cooperation of different ministries to implement biodiesel is
essential. Strategies to raise the initial capital for biodiesel production and making
the cost of biodiesel competitive with petroleum diesel have to be addressed.
Expertise in growing and processing oil resources has to be created. Regulatory
and Policy Issues relating to Renewable Energy

4.5.7 Bio-ethanol”
Bio-ethanol is manufactured by the fermentation and subsequent distillation of

starch and sugar crops (such as maize, sorghum, potatoes, wheat and sugar-
cane) or fruit and vegetable waste. Bio-ethanol is a clean, bio-degradable fuel

"8 Information taken from the draft report: Investigation into the various Potentials of the Renewable Energy
Technologies Sector for eThekwini; Institute for Zero Waste in Africa (2006)
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which can be used as a direct petroleum substitute in most unmodified petrol
engines. Upon combustion, emissions arising from bio-ethanol are significantly
lower than those of its petroleum derived counterparts as follows:
Carbon monoxide emissions by 25-30%;
Nitrogen oxide emissions by up to 20%;
Volatile Organic Compounds (VOCs) by 30%, or more;
net carbon dioxide emissions by up to 100% on a full life-cycle basis;
Benzene and butadiene by more than 50%.
4.5.8 Other Renewable Energy Sources
In addition to those technologies already highlighted, there exist several additional
renewable technologies which should be borne in mind for possible future
development as part of an Energy Strategy for the CoJ. These are summarised in

Table 4.5.8.

Table 4.5.8: Other Renewable Energy Technologies’®
Technology Description

Photo-conversion Technology A set of technologies that capture light energy by a
biological, chemical or electrochemical system for
subsequent use as a fuel, a chemical or electricity.
Akin to artificial photosynthesis, Photobiology and
photochemistry are relevant to the production of a
fuel such as hydrogen. Photo-electrochemistry is
relevant to the production of electricity.

Hydrogen and Bio-hydrogen Hydrogen as an energy carrier produced by
electrolysis using renewable generated electricity.
Bio-hydrogen production from the agricultural sector.

Fuel Cells Small size, fully integrated, premium mobile power
sources. Small generator sets and remote power for
telecommunications. Other applications include
mobile, military, transport, propulsion, auxiliary power
units, and fixed applications such as domestic and
small commercial CHP, for individual dwellings and
district heating.

4.5.9 Regulatory and Policy issues relating to Renewable Energy

The most important National Policy statements regarding renewable energy are
embodied within the National White Paper on Renewable Energy and the 1998
Energy White Paper. These are elaborated upon within section 5. Other relevant
regulatory and policy aspects include:

® On-site Renewable Energy Development and Purchasing Green Electricity — A Guide for Business and the
Public Sector; UK Carbon Trust (2005)
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The Municipal Systems Act

The Municipal Systems Act (Act No 32 of 2000) stipulates that municipalities
provide sustainable services to the communities within their charge, including
energy provision via renewable sources.

National Fuelwood Strategy

The Department of Minerals and Energy is concerned mainly with modern fuels
and has transferred the responsibility for fuelwood to the Department of Water
Affairs and Forestry (DWAF). As part of a government drive to implement poverty
alleviation programmes, DWAF has recently started the process of drafting a
National Fuelwood Strategy.

The Renewable Energy Subsidy Scheme’’

The DME has recently established the Renewable Energy Subsidy Office
(REFSO) whose mandate includes:

The management of renewable energy subsidies in such a way as to
keep transaction costs at a minimum, whilst supporting the
Government’s renewable energy targets;

The provision of advice to developers and other stakeholders on
renewable energy finance and subsidies. Information on local and
international funding sources is provided. This includes details on the
services and products offered by development finance institutions, as
well as donor agencies and commercial banks;

The Subsidy Governance Committee (SGC) is responsible for decision
making regarding the award of subsidies. The SGC is accountable to
the Director General of the DME.

The salient features of the 2005 — 2006 subsidy scheme are:

Grants are only eligible to projects with capital costs less than
R100million, and are capped at 20% of project capital cost;

Projects must use commercially proven renewable technologies;

Grants are made on a once-off basis, and are applicable to new projects
only. The available grant amounts, as stated by the DME are:

For electricity: R250 per kW
For bioethanol:  R167 per kl/year

For Biodiesel: R273 per kl/year

" www.dme.gov.za/dme/energy/refso.htm
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4.5.10 Sustainability Objectives

Table 3.4.6 shows those sustainability objectives which are proposed for the
Renewable Energy sector. The table includes a brief description of each and
objectives are grouped into sustainability headings: Environmental, Economic and
Social.

Table 3.4.6: Renewable Energy Sustainability Objectives
Environmental

1 Mitigation of local and global pollutants through the enhanced usage of
renewable energy sources

Economic

1 Encourage job creation via the expansion of the renewable energy sector

2 Further development of novel finance initiatives, and other instruments, to
encourage uptake renewable energy technologies. This might include the
development of formal mechanisms for consideration of external costs when
establishing energy supply alternatives

Social

1 Improved health and quality of life through the use of clean energy sources

4.5.11 Sector Summary

The longer-term future of energy supply both locally and worldwide must rest with
renewable technologies. Whilst energy efficiency and emissions mitigation
technologies can go so far, it is inevitable that our dependency upon fossil fuels is
not sustainable. To date, there have been a small handful of demonstration
projects involving renewable energy within the CoJ. These projects have mainly
served to demonstrate the viability of renewable energy within the South African
urban context; the technologies themselves are already proven. What is
necessary now is to fully understand the remaining barriers to the uptake of
renewable alternatives and establish routes to overcome them. This will almost
certainly involve a paradigm shift in the way that many organisations and
individuals view their energy supply, and will likely require a critical mass of
applications before ongoing success is guaranteed. The present energy supply
restrictions are already being felt within the alternative energy market, with solar
water heater suppliers reporting record enquiries and installations. Hopefully the
ongoing success of renewable energy in South Africa will not remain dependent
upon a national energy crisis.

The renewable energy industry in itself represents an enormous economic
opportunity for South African cities. Although our traditional reliance on coal and
oil suffers against the backdrop of surging international prices, this lends an
important driver to the realisation of an entire industrial sub-sector which is still in
its infancy.
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5. Policy and Legislation

Globally, nationally and locally there are a number of policies, legislation and strategies
that relate the efficient use of energy and reducing the environmental impact associated
with energy generation and consumption. This chapter highlights and summarises
those which are considered to be most pertinent to the State of Energy in the CoJ, and
provide as reference for further information.

5.1 Governmental Policies and White Papers
This section covers Policies and White Papers relevant to environmental
management in general and also specifically to energy. Energy-related aspects
include, amongst others, national policy for South Africa, Demand Side
Management, and renewable energy.

5.1.1 CoJ Environmental Management Policy

With respect to environmental management the vision of the City of Johannesburg
is presented as follows:

“An improved quality of the environment with clean air, clean water, reduced
waste, protected landscape and biodiversity providing citizens of Johannesburg
with a high quality of life.”

In order to achieve this vision, the CoJ has developed a number of goals and
objectives which are divided into 12 themes. Of relevance to this document, is
Theme 3: Energy Management.

The overarching goal for energy management is to:

Encourage the efficient and cost effective use of energy and the use of
renewable energy within the city; and

Provide energy sources that are safe, affordable and accessible to all
citizens.

The objectives of theme 3 are to:
Investigate alternative sources of energy;

Promote increased reliance on safe and clean renewable energy
sources;

Establish and implement energy demand side management within the
city to reduce energy consumption;

Develop an energy efficiency code to be included as part of council
building and as part of the approval conditions of development and
building plans.
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In order to achieve these objectives, the CoJ has set the following targets on
energy:

To improve energy efficiency of council premises/buildings by 10% in
2010;

To improve the energy efficiency of new housing development by
10% in 2010

5.1.2 National White Paper on Energy Policy’®

The prevailing energy Policy of South Africa is captured within the White Paper on
Energy Policy (1998). This Policy aims to provide the nation with wider access to
energy services, by various means, whilst ensuring that the environmental impacts
of energy conversion and use are minimised as far as possible. The White Paper
gives a mandate to the Department of Minerals and Energy (DME) to promote
Energy Efficiency through various means. Although Government® present
capacity to undertake energy efficiency programmes is limited, the DME will
finalise and consolidate considerations to ensure appropriate leadership in the
sector.

The energy sector policy objectives are given as:

Increasing access to affordable energy services;

Improving energy governance;

Stimulating economic development;

Managing energy-related environmental and health impacts, and

Securing supply through diversity.
The White Paper considers aspects that relate to both demand side sectors
(households; industry, commerce and mining; transport; and agriculture), and
supply side sectors (electricity; nuclear energy; liquid fuels; gas; coal; renewable
energy sources; and transitional fuels). Several cross-cutting issues are also
addressed.

5.1.3 National White Paper on Renewable Energy”®

The purpose of this White Paper is to set out Government’s principles, goals and
objectives for renewable energy. It furthermore commits Government to a number

of enabling actions to ensure that renewable energy becomes a significant part of
its energy portfolio over the next ten years.

® DME White Paper on the Energy Policy of South Africa, December 1998

" DME White Paper on Renewable Energy, November 2003
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Renewable energy can be defined as energy that harnesses naturally occurring
and non-depletable sources of energy to produce electricity, gaseous and liquid
fuels, heat or a combination of these energy types. These include:

Solar energy can be used to generate electricity; heat water; and to heat,
cool and light buildings. For example, photovoltaic systems capture the
energy in sunlight and convert it directly into electricity. Alternatively,
sunlight can be collected and focused with mirrors to create a high intensity
heat source that can be used to generate electricity by means of a steam
turbine or heat engine.

Wind energy uses the naturally occurring energy of the wind either directly
as in windmills or to generate electricity, and can be used, for example, to
charge batteries or pump water. Large modern wind turbines operate
together in ‘wind farms’ to produce electricity for utilities. Small turbines
are used to meet localised energy needs.

Biomass energy (from organic matter) can be used to provide heat, make
liquid fuels, gas and to generate electricity. Fuelwood is the largest source
of biomass energy, generally derived from trees. However, the use of
fuelwood is considered unsustainable when new trees are not planted to
replace those used. Fuelwood derived in this way cannot be properly
defined as renewable. Other types of biomass include plants, residues
from agriculture or forestry, and organic components in municipal and
industrial wastes. Landfill gas is considered to be a biomass source.

Bio-fuels in liquid form can be produced from the conversion of biomass
and used, for example, for transportation. The two most common bio-fuels
are ethanol and bio-diesel. Fermenting any biomass that is rich in
carbohydrate, such as maize, makes ethanol. Biodiesel is manufactured
using vegetable oils, animal fats and algae.

Hydropower uses the movement of water under gravitational force to drive
turbines to generate electricity.

Wave power, tidal power and ocean currents can be used to drive turbines
to generate electricity. Technologies to harness these forms of power are
presently being developed to the stage of commercialisation.

Geothermal activity in the earth’s crust derives from the hot core of the
earth. Examples are the natural geysers and hot water sources employed
for power generation and space heating, or using deep hot dry rock as heat
exchangers by pumping water through the natural rock fissures to produce
steam for power generation.

South Africa relies heavily on fossil fuels for its energy production due to large
indigenous coal resources. It is recognised, however, that the emission of
greenhouse gasses generated from the burning of fossil fuels is of global concern
and South Africa has the potential to use renewable energy resources as a
sustainable alternative.
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Government’s long-term goal is the establishment of a renewable energy industry
producing modern energy carriers that will offer in future years a sustainable, fully
non-subsidised alternative to fossil fuels. The proportion of final energy
consumption currently provided by renewable energy has come about largely as a
result of poverty (e.g. fuelwood and animal waste used for cooking and heating).

To embark upon a deliberate path towards this goal, the Government’'s medium-
term (10-year) target is:

10,000 GWh (0.8 Mtoe) renewable energy contribution to final energy
consumption by 2013, to be produced mainly from biomass, wind, solar and small-
scale hydro. The renewable energy is to be utilised for power generation and non-
electric technologies such as solar water heating and bio-fuels. This is
approximately 4% (1,667 MW) of the projected electricity demand for 2013 (41,539
MW). This is equivalent to replacing two (2x 660 MW) units of Eskom® combined
coal fired power stations.

This is in addition to the estimated existing (in 2000) renewable energy
contribution of 115,278 GWh per annum which is mainly derived from fuelwood
and waste.

A phased approach to achieving this target is required. In the short term it should
focus on relatively low cost technologies such as solar water heating, wind and
small-scale hydro which will not require heavy subsidies. As the need for more
power generation increases, the cost of coal-based generation will increase and
this will improve the financial viability of renewable energy sources.

5.1.4 NERSA Demand Side Management (DSM) policy®

This Policy identifies problems of peak generation capacity in the near future and
inefficient end-sue of electricity. It also examines the current regulatory
mechanisms of implementing Energy Efficiency and Demand Side Management
(EEDSM) programmes through Eskom. Existing government energy policy and
legislature mandating the National Energy Regulator (NERSA) to develop a
regulatory policy on EEDSM is highlighted.

The Policy sets annual EEDSM targets and specifies those programmes that
would qualify for EEDSM funding. Eskom is obliged to ensure that these targets
are met. Of interest the CoJ is the provision that all metropolitan areas in South
Africa are obliged to incorporate EEDSM within their own energy planning and to
ensure EEDSM implementation.  The Policy outlines the conditions for
implementation in the current electricity industry, and after restructuring. An
independent monitoring and verification body will confirm the impact of EEDSM
projects implemented and will report same to the NERSA.

The EEDSM policy covers the following aspects:

Access to funding, administration of funds and assets ownership;

80 Regulatory Policy on energy efficiency and demand side management for South African Electricity industry
(NERSA, July 2004)
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Development of EEDSM plans;
Establishment of the Energy Agency in the future;

Obligation of the future Regional Electricity Distributors (REDs) to
implement EEDSM to all end-users through Energy Service Companies
(ESCOs);

The requirement of licensees (distributors) to create awareness and
advertise the benefits of EEDSM amongst their customers, and to offer
time-of-use tariffs to all industrial and commercial customers.

5.1.5 The Electricity Pricing Policy of the South African Electricity
Industry®

This Policy document seeks to strike a balance between affordable electricity
prices to households and low-cost electricity for industrial sector. In this regard,
the Policy states that electricity prices should reflect efficient market signals,
accurate cost of supply and concomitant price levels that will ensure financial
viability of the electricity sector in its entirety. It is considered that the present tariff
structures and levels do not always provide adequate incentives to consumers to
use electricity efficiently, thus, any tariff rationalisation process needs to take this
state of affairs into account.

The NERSA has been chosen as the appropriate institution to facilitate the
implementation of this policy. It is envisaged that the introduction of cost-based
tariffs that provide correct pricing signals to consumers will result in economically
optimal investments in the electricity infrastructure. In principle, the pricing policy
should also recognise the contribution of renewable energy sources to new
generation capacity and concomitant mitigation of externalities to inefficient market
prices.

The following pricing policy statements are made:

Network Charges: Tariffs charged to customers on the network will be
cost-reflective including geographical differentiation resulting from the
relative location of the markets from electricity generation plants as well as
the physical layout of the country.

Cost-reflectivity: Electricity industry should move towards cost- reflectivity
in the medium to long-term. This means that electricity tariffs should reflect
the real cost of rendering electricity services, excluding taxes and
subsidies.

Access: There will be non-discriminatory access to uncommitted capacity
within commercially reasonable and operational constraints of the
transmission system, transparency of tariffs, disclosure of cost and pricing
information to the NERSA.

# The electricity pricing policy of the South African Electricity Industry: DME, April 2004
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Transmission charges: Appropriate payments shall be made by the
wheeling utility to the transmission network owner to obtain the required
capacity as a condition of service

Geographical differentiation: In line with the principle of cost-reflectivity,
the NERSA shall determine geographic differentiation of electricity tariffs
from place to place along the transmission network and the REDs or
distributors’ licensed areas. The country shall be divided into a number of
transmission network pricing zones, as defined by the NERSA from time to
time.

With regards to the actual pricing of electricity, the following points are highlighted:

Electricity Wholesale Pricing:
Initially all customers buying on average 100 GWh or more per annum at a
single point will qualify to buy at wholesale price, subject to approval by the
NERSA.

Industrial customers connected to municipal networks:
The introduction of wholesale pricing is likely to encourage industrial
consumers connected to municipal distribution networks to seek to
purchase electricity at wholesale prices.

Regionalized wholesale pricing:
Traction and bulk water supply industries are of national strategic

importance and will qualify for the wholesale pricing tariffs of electricity
supply even if they consume more than 100 GWh from different points of

supply.

When the REDs are established, the wholesale pricing tariffs of electricity
supply for the traction and bulk water supply industries will be regionalized.

Time of Use Pricing:
All tariffs will be based on the TOU methodology.
Negotiated Pricing Agreements (NPAS):

All existing contracts must be aligned with the wholesale electricity pricing
contained herein over time.

All existing NPAs will be honoured initially but shall be migrated to
wholesale electricity pricing over time. A mechanism will be devised by the
NERSA to accommodate the existing NPAs in the transitional period
towards the transparent and cost-reflective wholesale pricing system.

Affected contracting parties shall re-negotiate the NPA prior to the
introduction of multi markets in the ESI.
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Commodity Based Pricing:

When commodity prices are low and commodity based tariffs fall below
wholesale electricity prices, the other party to the contract (supplier) must
absorb the difference (loss) and shall not pass it on to other classes of
consumers. When commaodity prices are high, the generator may keep the
benefits within the provisions of their revenue requirements as approved by
the NERSA.

Choice of electricity supplier:

The distributor / RED shall carry the risk of failure to supply captive
customers connected to networks.

All qualifying customers, traders and retailers qualifying for wholesale
pricing will have a choice of bulk supplier but they will also carry the risk of
failure of that supplier to supply electricity contracted for.

Cost-reflectivity and transparency principles will be phased in over a period
of 10 years.

The NERSA shall design and implement mechanisms within the wholesale
pricing system and the competitive electricity markets to ensure that
wholesale electricity customers continue to make a fair contribution to
levies until a substitution funding mechanism for such has been
implemented.

Implementation time frame:

The wholesale electricity pricing shall be implemented no later than the
effective date of implementation of the REDs.

Obligations to supply:

Municipalities can cede their obligation to supply electricity in their areas of
jurisdiction to relevant REDs. The said REDs will then have an obligation
to supply customers within their area of jurisdictions;

The DME, in consultation with the Department of Public Enterprises, shall
ensure the national security of supply of electricity.

With regard to end-user customers, the REDs shall have an obligation to
supply. No end-user customer who can demonstrate that they can pay for
the services rendered to them may be refused access to any RED’s
network unless such customer’s activities negates the guaranteeing of the
quality of supply of electricity services.

All customers shall have obligation to pay for the electricity services
provided to them.

Customers, traders and retailers who qualify for the wholesale pricing and
who have freedom to choose a supplier should protect their own interest
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through the provisions of a contract negotiated with supplier of their own
choice. In this regard, such customers, traders and retailers shall carry the
risk of breach of contract and take necessary steps to hedge such risk.

Externality and environmental costs:

Electricity industry participants should use environmental friendly
modalities of generating and supplying electricity in line with prevailing
legislation.

NERSA will develop incentive-based tariff structures and other instruments
to promote energy efficient and environmental friendly electricity industry.

As renewable electricity generation is introduced into the electricity multi-
markets, the Department of Minerals and Energy will progressively monitor
the adequacy of the established grid code to provide for fair treatment of
non-conventional forms of electricity generation fed into the grid.

Explanations on how the Policy will affect the various user groups are also
provided in the policy statement. These include the commercial, agriculture and
domestic sectors. The supply of free basic electricity is also discussed.

5.1.6 National White Paper on Integrated Pollution and Waste
Management®

DWAF and DEAT together completed the IP&WM policy, which is a subsidiary
policy of the overarching environmental management policy, as set out in the
White Paper on Environmental Management Policy for South Africa, and further
supported by the National Environmental Management Act (No. 107 of 1998).

This IP&WM policy applies to all government institutions, society at large, and to
all activities that impact on pollution and waste management. One of the
fundamental approaches of this policy is to prevent pollution, minimise waste, and
to control and remediate impacts. The management of waste will be implemented
in a holistic and integrated manner, and will extend over the entire waste cycle,
from "cradle to grave", including the generation, storage, collection, transportation,
treatment, and final disposal of waste.

The government aims to:

Encourage the prevention and minimisation of waste generation, and thus
pollution at source;

Encourage the management and minimisation of the impact of unavoidable
waste from its generation to its final disposal;

Ensure the integrity and sustained "fitness for use" of all environmental
media, i.e. air, water and land,;

8 WRC Report on project 1171: Waste Minimisation Club facilitators manual
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Remediate any pollution of the environment by holding the responsible
parties accountable;

Ensure environmental justice by integrating environmental considerations

with the social, political and development needs and rights of all sectors,

communities and individuals, and

Prosecute non-compliance with authorisations and legislation.
The White Paper on Integrated Pollution and Waste Management for South Africa
represents a paradigm shift from dealing with waste only after it is generated (i.e.
"end of pipe") towards:

Pollution prevention;

Waste Minimisation;

Cross-media integration;

Institutional integration, both horizontal and vertical, of departments and
spheres of government, and

Involvement of all sectors of society in pollution and waste management.
5.2 National Legislation

This section on legislation will cover those Bills and Acts relevant to both general
environmental protection and to energy use specifically.

5.2.1 The Draft Energy Bill®®
The contents the Energy Bill addresses:

The establishment of a National Energy Advisory Committee. This
Committee will advise the minister on energy policy matters;

The establishment of a National Energy Data Base and Information
System. Currently energy data is collected on a voluntary basis which has
lead to incomplete data. This provision will enable the mandatory
collection of energy data by Department of Minerals and Energy;

The establishment of an Integrated Energy Planning capability. This
provision will provide the Department of Minerals and Energy with a legal
mandate for a budget and structure to undertake this function;

The establishment of a Renewable Energy Programme. This provision will
provide the Department of Minerals and Energy with a legal mandate for a
budget and structure to undertake this function;

% Draft Energy Bill, October 2005
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The establishment of an Energy Efficiency Programme. This provision will
provide the Department of Minerals and Energy with a legal mandate for a
budget and structure to undertake this function;

The establishment of an energy Safety, Health and Environment
Programme not provided for in other legislation. This provision will provide
the Department of Minerals and Energy with a legal mandate for a budget
and structure to undertake this function;

The establishment of a programme that addresses the access of
appropriate energy to households. This provision will mandate inter alia
the establishment of Integrated Energy Centres for the development of
energy provision in rural areas and the provision of clean fuels and
technology for residential areas;

The provision for the fulfilment of international commitments and
obligations pertaining to energy;

The establishment of a National Energy Research Programme. This
provision will provide for sustainable energy supply through nationally
directed research and development. Such research and development is
currently fragmented and insufficient for future national development
needs.

5.2.2 The Electricity Act®

City Power and Eskom operate under the Electricity Act of 1987. The aim of the
Act is to provide for the continued existence of the Electricity Control Regulator
and for the control of the generation and supply of electricity. It outlines the
responsibilities and roles of the Electricity Control Regulator, the Local Authority
and Eskom in the supply of electricity to various consumers. Through this Act the
National Electricity Regulator (NERSA) has jurisdiction over the entire industry and
regulates market access through the licensing of all producers (greater than 5GWh
per annum), transmitters, distributors and sellers of electricity.

All electricity tariffs have to be approved by the NERSA that also regulates quality
of supply and mediates disputes and customer complaints. Points of relevance to
the supply of electricity by a local authority are provided under Sections 15, 16 and
17 of the Act.

5.2.3 Eskom Conversion Act, 2001%

The object of this act it to convert Eskom into a public company having a share
capital as contemplated in section 19(1)(a) of the Companies Act, with its entire
share capital held by the State. This is a short Act that outlines the responsibilities
of Eskom after the conversion.

# The Electricity Act (no 41 of 1987) as amended

8 No. 13 of 2001: Eskom Conversion Act, 2001
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5.2.4 The Gas Act, 2001%
The mission statement of the Gas Act of 2001 is to:
Promote the orderly development of the piped gas industry;
Establish a national regulatory framework; and

Establish a National Gas Regulator as the custodian and enforcer of the
national regulatory framework.

It provides information on the establishment and functions of the gas regulator, as
well as other aspects related to the regulator such as funds, personnel etc. It
explains when a license is required and the procedures involved in the application
process. General aspects such as inspections, regulations and rules, and the
Mozambique Gas Pipeline agreement are also covered in this Act.

The objectives of the Gas Act are to:
Promote the efficient, effective, sustainable and orderly development and
operation of gas transmission, storage, distribution, liquefaction and re-
gasification facilities and the provision of efficient, effective and sustainable
gas transmission, storage, distribution, liquefaction, re-gasification and
trading services;
Facilitate investment in the gas industry;

Ensure the safe, efficient. economic and environmentally responsible
transmission, distribution, storage, liquefaction and re-gasification of gas;

Promote companies in the gas industry that are owned or controlled by
historically disadvantaged South Africans by means of licence conditions
S0 as to enable them to become competitive;

Ensure that gas transmission, storage, distribution, trading, liquefaction
and re-gasification services are provided on an equitable basis and that the
interests and needs of all parties concerned are taken into consideration;
Promote skills among employees in the gas industry;

Promote employment equity in the gas industry;

Promote the development of competitive markets for gas and gas services;

Facilitate gas trade between the Republic and other countries; and

Promote access to gas in an affordable and safe manner.

8 No. 48 of 2001: Gas Act, 2001
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5.2.5 National Environmental Management Act®’

Section 28(1) of NEMA obliges anyone who pollutes or degrades the environment
to take reasonable measures to stop doing it or, if the harm to the environment is
authorized by law (e.g. by a permit) or cannot be reasonably avoided, to minimize
and put right the damage. The law specifies what measures should be taken,
including:

Investigate, assess and evaluate the impact on the environment;
Inform and educate employees about the environmental risks of their work
and the manner in which their tasks must be performed in order to avoid

causing significant pollution or degradation of the environment;

Cease, modify or control any act, activity or process causing the pollution
or degradation;

Contain or prevent the movement of pollutants or the root-cause of
degradation;

Eliminate any source of the pollution or degradation; or

Remedy the effects of the pollution or degradation.
Although atmospheric emissions are regulated via the APPA®, industries still have
a duty to minimize and correct environmental harm. If they fail to take the required
measures, the Director-General of DEAT or the head of the provincial department

responsible for the environment may direct them to:

Investigate, evaluate and assess the impact of specific activities and report
thereon;

Commence taking specific reasonable measures before a given date;
Diligently continue with those measures; and
Complete them before a specified reasonable date.
The principles set out in section 2 of NEMA apply to any actions (which include
decisions) of any organ of state that may significantly affect the environment. The

principles include:

That pollution and degradation of the environment are avoided or, where
they cannot be altogether avoided, are minimized and remedied.

8" Community Air Monitoring Report, 2003 - GroundWork

% The Atmospheric Pollution Prevention Act, 1965 (Act 45 of 1965)
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That a risk-averse and cautious approach is applied, which takes into
account the limits of current knowledge about the consequences of
decisions and actions.

That negative impacts on the environment and on people® environmental
rights be anticipated and prevented, and where they cannot be altogether
prevented, are minimized and remedied.

Environmental management must be integrated and it must take into
account the effects of decisions on all aspects of the environment and all
people in the environment by pursuing the selection of the best practicable
environmental option.

The social, economic and environmental impacts of activities, including
disadvantages and benefits, must be considered, assessed and evaluated,
and decisions must be appropriate in the light of such consideration and
assessment.

Environmental justice must be pursued so that adverse environmental
impacts shall not be distributed in such a manner as to unfairly discriminate
against any person, particularly vulnerable and disadvantaged persons.

The environment is held in public trust for the people, the beneficial use of
environmental resources must serve the public interest and the
environment must be protected as the people® common heritage.

The costs of remedying pollution, environmental degradation and
consequent adverse health effects and of preventing, controlling or
minimizing further pollution, environmental damage or adverse health
effects must be paid for by those responsible for harming the environment.

5.2.6 National Environment Management: Air Quality Act®

The aim of the Air Quality Act is to reform the law regulating air quality such that
the environment is protected and to provide for national norms and standards to
regulate air quality monitoring, management and control by all levels of
government. The use of cleaner technologies and cleaner production practices
are promoted as key factors in improving air quality. Within two years of this act
taking effect, national norms and standards for air emissions must be set.
Provincial and local standards are also set based on the needs of that particular
area. These standards can be more stringent that the national standards if
deemed necessary. The act also allows for the declaration of priority areas and
the procedure for the management of these areas. Penalties can be enforced if
any contravention of the air emission standards takes place.

Ambient Air Quality Standards are listed in the Act under Schedule 2 for ozone,
nitrogen oxides (NOX), nitrogen dioxide, sulphur dioxide, lead, particulate matter
and total suspended solids. A summary is provided below.

8 National Environment Management: Air Quality Act 39 of 2004
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Table 5.2.6: Ambient Air Quality Standards

Parameter Air Quality Standard
O3 Ambient concentrations of ozone (O3) may not exceed:
a) an instant peak of 0.25 parts per million measured at 25éC and
normal atmospheric pressure; or
b) a one-hour average of 0.12 parts per million measured at 25éC
and normal atmospheric pressure

NOy Ambient concentrations of the oxides of nitrogen (NOx) may not
exceed:

(a) an instant peak of 1.4 parts per million measured at 25éC and
normal atmospheric pressure;

(b) a one-hour average of 0.8 parts per million measured at 25&éC
and normal atmospheric pressure;

(c) a 24-hour average of 0.4 parts per million measured at 25&éC
and normal atmospheric pressure and the 24-hour limit may not
be exceeded more than three times in one year;

(d) a one-month average of 0.3 parts per million measured at
25&C and normal atmospheric pressure; or

(e) an annual average of 0.2 parts per million measured at 25éC
and normal atmospheric pressure

NO; Ambient concentrations of nitrogen dioxide (NOz) may not
exceed:

(a) an instant peak of 0.5 parts per million measured at 25éC and
normal atmospheric pressure;

(b) a one-hour average of 0.2 parts per million measured at 25&éC
and normal atmospheric pressure;

(c) a 24-hour average of 0.1 parts per million measured at 25&éC
and normal atmospheric pressure and the 24-hour limit may not
be exceeded more than three times in one year;

(d) a one-month average of 0.08 parts per million measured at
25&C and normal atmospheric pressure; or

(e) an annual average of 0.05 parts per million measured at 25éC
and normal atmospheric pressure.

SO, Ambient concentrations of sulphur dioxide (SO2) may not exceed:
(a) a ten-minute average instant peak of 0.191 parts per million
measured at 25éC and normal atmospheric pressure;

(b) an instant peak of 500 micrograms per cubic meter (ug/m3)
measured at 25éC and normal atmospheric pressure;

(c) a 24-hour average of 0.048 parts per million or 125
micrograms per cubic meter (ug/m3) measured at 256C and
normal atmospheric pressure;

(d) an annual average of 0.019 parts per million or 50 micrograms
per cubic meter (ug/m3) measured at 25éC and normal
atmospheric pressure.

Lead Ambient concentrations of lead (Pb) may not exceed a one-month

average of 2.5 micrograms per cubic meter (ug/ms).

Particulates

Ambient concentrations of particulate matter with a particle size
of less than 10 microns (u) in size (PM10) may not exceed:

(a) a 24-hour average of 180 micrograms per cubic meter (ug/m3)
and the 24-hour limit may not be exceeded more than three times
in one year; or

(b) an annual average of 60 micrograms per cubic meter (ug/m3).

Total Suspended

Ambient concentrations of total suspended solids may not
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Solids exceed:

(a) a 24-hour average of 300 micrograms per cubic meter (ug/ms)
and the 24-hour limit may not be exceeded more than three times
in one year; or

(b) anaannual average of 100 micrograms per cubic meter
(ug/m").

5.3 National and Local Strategies & Plans

The three most important strategies that have been developed in recent years in
South Africa that are aimed at reducing consumption of resources and protecting
the environment, are the National Waste Management Strategy (1998); the Energy
Strategy (2005); and the Cleaner Production and Sustainable Consumption
Strategy (under development, 2006). Of particular interest is the Energy Strategy
that provides targets that must be met by the various sectors (industry, transport
etc), and this is discussed first in this section. An overview of the Integrated
Household Clean Energy Strategy is also provided.

5.3.1 National Energy Strategy®

The Energy Strategy was launched in March 2005 by the Department of Minerals
and Energy, and is the first consolidated Governmental document geared towards
the development and implementation of energy efficiency practices in South
Africa.

The Strategy sets a national target for energy efficiency improvement of 12% by
2015. This target is expressed in relation to the forecast national energy demand
at that time, and therefore allows for current expectations of economic growth.
This target is expected to be achieved by implementing various energy efficiency
programmes, the majority of which involve low cost interventions that can be
achieved with minimal investments.

Sector specific reduction targets have also been set. These are:

Industry and Mining: A Target Final Energy Demand Reduction of 15%
by 2015;

Power Generation: An interim Target of 15% reduction in “parasitic”
electrical usage by 2015;

Commercial and Public Building Sector: A Target Final Energy Demand
Reduction of 15% by 2015;

Residential Sector: A Target Final Energy Demand Reduction of 10% by
2015;

Transport Sector: A Target Final Energy Demand Reduction of 9% by
2015.

® DME, Energy Strategy for the Republic of South Africa, March 2005
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The Strategy makes use of a range of generic implementing instruments, which
are applied as appropriate to meet specific needs within each Sector Programme.
Identified supporting mechanisms include:

Efficiency Standards: Mandatory energy efficiency standards will be an
important and integral part of the Strategy.

Appliance Labelling: Mandatory appliance labelling for household
appliances forms an important element of the Strategy and will be
promoted and implemented,;

Certification and Accreditation: It is the intention of the Strategy to help
develop such accreditation procedures and to enable appropriate
certification to be awarded to the relevant aspirants;

Education, Information and Awareness: The DME will strive to ensure that:
(i) Energy Efficiency is taught and examined at all levels in all appropriate
subjects, in particular engineering and architecture; and (ii) Energy
Efficiency is a competence requirement under the National Qualifications
Framework training programmes for skilled workers in the relevant
construction and buildings services trades;

Research and Technology: The Strategy will support appropriate research
and the possible adaptation of internationally available technologies and
processes.

Regulation

Energy Audits: The Strategy will promote energy audits as a means of
improving efficiency. Studies will be undertaken to design ways in which
audits will achieve the greatest impact.

Energy Management Systems: The Strategy will support the proliferation of
energy management and the establishment of necessary information,
including the introduction of Monitoring and Targeting and "Green
Accounts".

Financial instruments include aspects such as incentives, fee bates, the use of
energy services companies (ESCOS), clean development mechanism (CDM),
demand side management (DSM), and energy pricing.
In order to meet the objectives of this Strategy, it is intended that energy efficiency
interventions will be implemented through a phased approach. The timing of the
three Phases is as follows:

Phase 1: March 2005 to February 2008;

Phase 2: March 2008 to February 2011;

Phase 3: March 2011 to February 2015.
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Programmes for implementation in each of the sectors are prescribed which
outlines the key facts, the core objectives and the approach to be taken. Activity
outputs, measures, time scales and responsibilities are provided for each sector.

5.3.2 National Waste Management Strategy®

The National Waste Management Strategy (NWMS) of South Africa presents a
long-term plan, up to the year 2010, for addressing key issues, needs and
problems experienced with waste management in South Africa. The NWMS
strategy follows the waste hierarchy approach, which is internationally accepted as
a rigorous approach to integrated waste management. The waste hierarchy
prioritises waste management options, in descending order as follows:

Cleaner production (Waste Prevention, Waste Minimisation);
Recycling (Re-use, Recovery, Composting);

Treatment (Physical, thermal and chemical destruction);
Disposal (Land filling).

The Department of Environment Affairs and Tourism (DEAT), as the governmental
lead agent for the National Waste Management Strategy, will be responsible for
developing and implementing a National Programme for Waste Minimisation.

The aim of this Waste Minimisation Strategy is to ensure that waste minimisation
procedures and practices are adopted by all sectors of society, with a special initial
focus on the principal generators of waste particularly those producers who
generate a high volume of waste and low volume of waste with a high
environmental impact.

While the actual implementation of most waste minimisation practices will be
carried out primarily by the private sector (as the principal generator of waste), it is
the duty of the public sector to take a leading role in providing the right structure,
incentives and information to facilitate the implementation of these waste
minimisation practices. In so doing, the public sector will ensure that there is an
appropriate balance between the use of directive-based (“command-and-control”)
measures and co-regulatory initiatives (NWMS, version D, section 9, 1999).

The proposed Waste Minimisation priority initiatives have been divided into the
following subject areas/themes:

Programme development and administration;
Legislative and policy initiatives;

Information and awareness initiatives;

T WRC Report on project 1171: Waste Minimisation Club Facilitators Manual
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Demonstration projects;
Public/private partnerships initiatives.

These subject areas aim to promote the implementation of waste minimisation
through ensuring:

That these initiatives are undertaken in a structured and co-ordinated
manner;

Integration with other national, provincial and local governmental activities;
Appropriate control and incentive-based mechanisms exist;

Development of a database of locally relevant case studies and sector
specific waste minimisation guidelines;

Implementation of demonstration projects;

Continued support to the private sector in implementing waste minimisation
initiatives.

5.3.3 National Cleaner Production Strategy®

The Department of Environmental Affairs and Tourisms Branch for Environmental
Quality Protection is embarking on developing a National Strategy for Cleaner
Production and sustainable consumption. The strategy is being prepared by
DEAT through the implementation of the Johannesburg Plan of Implementation
(JPQI), with particular reference to the implementation of sustainable consumption
and production. The key emphasis of the strategy is on the cleaner production
aspect.

The vision of the strategy is to harness the economic and technical tools provided
by Cleaner Production to assist the sustainable development of all South Africans.
This will be achieved by:

Promoting resource efficiency so as to create wealth, and enable access
for basic needs;

Supporting the development of more competitive and environmentally
friendly industries and consumption patterns in line with the needs of global
trade;

Providing practical economic and technical tools to local government, and
industry (with a focus on SMES) to develop win-win relationships based on
Cleaner Production principles.

%2 DEAT, National Cleaner Production Strategy, Draft 2 (Jan 2005)
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The mission of the strategy is to enable South African society and industry to
develop to its long term full potential, by adopting the recommendations of Chapter
3 of the JPOI on sustainable consumption and production, by:

Adopting the principles of Cleaner Production, i.e. continuous application of
an integrated and preventative strategy applied to products, processes,
and services so as to increase eco-efficiency and reduce risks to humans
and the environment, by using a full life-cycle approach, and

Promoting the practices of sustainable consumption, i.e. use of services
and related products which respond to basic needs and bring a better
quality of life while minimising the use of natural resources and toxic
materials as well emissions of waste and pollutants over the life-cycle so
as not to jeopardise the needs of future generations.

The concepts of energy efficiency and the use of renewable energy sources fall
well within these aims.

The strategy provides background information on cleaner production and gives a
summary of various projects that have been undertaken within South Africa to
promote cleaner production. It also explains the benefits of cleaner production
and the methodology in which in can be applied. It touches on how cleaner
production technologies can be applied to energy, water, and land to reduce
environmental impacts and conserve natural resources.

The constraints that are present in South Africa to implementing cleaner
production are also highlighted. These include:

Inconsistent enforcement of regulations to protect the environment;

The fragmented approach in government departments to the triple bottom
line for sustainable development;

A lack of incentive programmes;
Lack of information, knowledge and awareness in Government, industry,
and consumers on the costs and benefits of implementing Cleaner

Production.

The four strategic goals that have been identified to overcome these constraints
are:

Enforcement of appropriate regulatory standards;
Harmonisation of Government policies and strategies;
Development of incentive and support schemes;

Availability of information.
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These goals are supported by various objectives that must be completed.
Timeframes and responsible Government departments have also been proposed
for each task.

5.3.4 Integrated Household Clean Energy Strategy®

The Department of Minerals and Energy’s Low-smoke Fuels Programme was
initiated as an outcome of a stakeholder workshop held in Soweto during 1994.
Literature surveys and pilot studies indicated that low-smoke fuels have a role to
play in reducing air pollution to acceptable levels. This led to the formulation of an
Integrated Household Clean Energy Strategy, which incorporates measures such
as:

Marketing and awareness of the low-smoke generating top-down ignition of
coal fires, Basa Njengo Magogo;

Manufacturing and distribution of Low-smoke Fuels; and
Implementation of housing insulation and design.

Continued electrification of residential areas is ongoing and the full use of
electricity for all household energy requirements remains the ultimate long-term
solution to the problem. The Integrated Household Clean Energy Strategy, which
was approved by the Minister of Minerals and Energy is a transitory measure
between coal and full use of electricity.

5.3.5 CoJ Integrated Development Plan

According to the Municipal Systems Act, 132, of 2000 Municipalities should
develop Integrated Development Plans (IDP). The IDP is a five-year strategic
document which directs all municipal activities with the aim of achieving the
municipal vision by responding to social and economic needs of citizenry. The IDP
document is reviewed annually in consultation with communities and stakeholders
to ensure that it is dynamic in addressing the needs of the municipal community.
CoJ has responded to the Municipal Systems act of 2000 by producing an IDP for
2006 to 2011.

The over-arching vision for the CoJ is stated as:

In the future, Johannesburg will continue to lead as South Africa’s primary
business city, a dynamic centre of production, innovation, trade, finance and
services. This will be a city of opportunity, where the benefits of balanced
economic growth will be shared in a way that enables all residents to gain access
to the ladder of prosperity, and where the poor, vulnerable and excluded will be
supported out of poverty to realize upward social mobility. The result will be a
more equitable and spatially integrated city, very different from the divided city of
the past. In this World-Class African City for all, everyone will be able to enjoy
decent accommodation, excellent services, the highest standards of health and

* DME, Integrated Household Clean Energy Strategy Prospectus
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safety, and quality community life in sustainable neighbourhoods and vibrant
urban spaces.

In order to achieve this vision, 13 sector plans have been developed. Each sector
plan in the five-year IDP contains a table summarising long-term goals, long-term
strategic interventions, five-year IDP objectives and five-year IDP programmes.

Long-term goals are destination points, while long-term strategic interventions are
areas of effort — work that the City needs to do in a sustained way over the long-
term if it is to reach its goals. Five-year objectives are statements of the
development outcomes — ideally quantifiable — that the CoJ want to realize after

five years. The overall logic of the GDS and IDP can therefore be represented as
follows:

Figure 5.3.5: Overall framework for the IDP

Of particular importance to the CoJ State of Energy Report is the sector plan
relating to the environment. Strategic objectives and delivery agendas to note
within this sector plan include:

Reduce the impact of climate change

Develop guidelines for energy efficient design and construction for
buildings;

Compile greenhouse gas inventory to understand carbon footprint;
Complete Energy& Climate Change Response Strategy;

Landfill gas utilization;
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Identify other Council-owned buildings for retrofitting;

Implement schools energy efficiency project as part of Energy project.
Reduce waste generation at source

Implementation of waste separation at source in targeted areas;

Establishment of second composting plant;

Undertake a waste-to-energy (WtE) study, in collaboration with Climate
Change Programme, as a strategy towards reducing waste tonnages
going into landfill;

Promulgation of a Buyback Centre in Alexandra;
Continue with awareness campaign;
Establish a Buyback Centre in Region G.

5.4 Other Political Initiatives

5.4.1 The Kyoto Protocol to the UNFCCC®

The Kyoto Protocol was adopted in December 1997. The Protocol creates legally
biding obligations for 38 industrialised countries, including 11 countries in Central
and Eastern Europe, to return their emissions of Greenhouse Gasses (GHG) to an
average of approximately 5.2% below their 1990 levels over the period 2008 to
2012.

The targets cover the six main Greenhouse Gasses: carbon dioxide, methane,
nitrous oxide, hydrofluorohydrocarbons, perfluorocarbons, and sulphur
hexafluoride. The Protocol also allows these countries the option of deciding
which of these gasses form a part of their national emissions reduction strategy.
While the Protocol identified a number of modalities to help parties reach their
targets, it did not elaborate on the specifics. After much deliberation, governments
finally agreed in 2001 to a comprehensive rule book (the Marrakech Accords) on
how to implement the Kyoto Protocol.

Three co-operative mechanisms were designed to help industrialised countries
reduce the costs of meeting their emissions targets by achieving emission
reductions at lower costs in other countries than they could domestically. These
included:

International Emission Trading permits, which allow countries to transfer
parts of their allowed emissions;

% UNEP: Introduction to the Clean Development Mechanism
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Joint Implementation. This mechanism allows countries to claim credit for
emissions reduction that arise from investments in other industrialised
countries;

The Clean Development Mechanism (CDM). The CDM allows emission
reduction projects that assist in creating sustainable development in
developing countries®.

The CDM includes projects in the following sectors:
End use energy efficiency projects;
Supply-side energy efficiency improvements;
Renewable energy;
Fuel switching;
Agriculture;
Industrial processes;
Sinks projects.
5.4.2 The Millennium Development Goals®
The Millennium Development Goals describe targets for social, economic and
environmental improvements in nations around the world. It addresses aspects
such as poverty, education, employment, debt relief, safety and security, and a
sustainable environment. Extracts from the MDG report dealing with energy and
the way in which environmental sustainability in general should be approached are
highlighted in the following paragraphs, indicated in italics.
Climate Change
Average temperatures are projected to increase further, by 1.2° to 3.5°C, over
the course of the present century, which would melt glaciers and the polar ice
caps, raise sea levels and pose threats to hundreds of millions of coastal
dwellers while drowning low-lying islands altogether.
Reducing the threat of global warming requires, above all, that carbon
emissions be reduced. The burning of fossil fuels, which still provide more
than 75 per cent of energy worldwide, produces most of these emissions. The
rapidly expanding number of automobiles around the globe threatens an even

greater escalation in emissions. The need to promote energy-efficiency and
greater reliance on renewable resources is obvious.

% http://cdm.unfccc.int

% United Nations Millennium Development Goals, 2000
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Further development of fuel cell, wind turbine, photovoltaic and cogeneration
technologies will help. In the developing world, particularly in rural areas that
are not connected to energy grids, the rapidly falling costs of solar cells and
wind power have the potential to bring energy to the poor at reasonable costs,
thereby also enhancing agricultural productivity and generating income.

Stabilising levels of carbon dioxide in the atmosphere to a range that is
considered safe will require overall reductions on the order of 60 per cent or
more in the emission of the “greenhouse gases” that are responsible for global
warming. Thus far, the international community has not found the political will
needed to make the necessary changes.

Building a new ethic of global stewardship
There are four recommended priorities to ensure a sustained environment:

Major efforts in public education are needed. Real understanding of the
challenges we face is alarmingly low. As more and more of us live in cities,
insulated from nature, the need for greater awareness grows. Consumers
everywhere have to understand that their choices often have significant
environmental consequences. Much of the burden of consciousness-
raising to date has fallen on civil society organizations. With energy,
commitment, but few resources, non-governmental organizations have
advocated environmental issues in public debates almost everywhere.
Schools and universities also have a critical role to play in raising public
consciousness, and governments themselves must step up their
contributions.

Environmental issues must be fundamentally repositioned in the
policymaking process. Governments typically treat the environment as an
isolated category, assigned to a relatively junior ministry. This is a major
obstacle to achieving sustainable development. Instead, the environment
must become better integrated into mainstream economic policy. The
surest way to achieve that goal is to modify systems of national accounts
so that they begin to reflect true environmental costs and benefits: to move
towards “green” accounting.

Only governments can create and enforce environmental regulations, and
devise more environment-friendly incentives for markets to respond to. To
cite but one example, governments can make markets work for the
environment by cutting the hundreds of billions of dollars that subsidise
environmentally harmful activities each and every year. Another is by
making greater use of “green taxes”, based on the “polluter pays” principle.
Creating new incentives also encourages the emergence of entirely new
industries, devoted to achieving greater energy efficiency and other
environment-friendly practices. The success of the Montreal Protocol, for
instance, has created a large market for ozone-safe refrigerators and air
conditioners.  Nothing would be more foolish than neglecting the
enormously positive role the private sector can play in promoting
environmental change.
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It is impossible to devise effective environmental policy unless it is based
on sound scientific information. While major advances in data collection
have been made in many areas, large gaps in our knowledge remain. In
particular, there has never been a comprehensive global assessment of
the world’s major ecosystems. The planned Millennium Ecosystem
Assessment, a major international collaborative effort to map the health of
our planet, is a response to this need. It is supported by many
governments, as well as UNEP, UNDP, FAO and UNESCO.

Millennium Development Goals have been prepared for all countries around the
globe. Of particular relevance to the national energy picture for South Africa are
the MDG intentions to reduce both CO2 emissions and energy intensity. Table
5.4.2, below,

Table 5.4.2: Selected Indicator Data for MDG Goal 7: Ensure Environmental
Sustainability®’

Indicator 1990 1994 1997 2000 2003
CO; emissions 8.3 8.2 8.2 7.4 -
(tonnes per capita)
GDP per unit energy use 3.9 3.5 3.6 3.8 3.9

(2000 PPP $ per kg oil equivalent)

" Source: World Development Indicators database, April 2005 (http://ddp-ext.worldbank.org/ext/ddpreports/)
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