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EXECUTIVE SUMMARY

This Situational Report provides an analysis of global and national sustainable energy
industries. The market trends in energy efficiency and renewable energy are summarised in
order to assist in formulatingacommendations on how to create an enabling ikorment

for the development ofhe sustainable energgectorgoing forward.

The sustainable energy (SE) sector encompasses so many different industries that overlap
with existing industries, therefore this report has analysed the different trends in w&rio
energy efficiency industries and renewable energy industries.

ENERGY EFFICIENCY

Energy efficiency is a global imperative to reduce GHG emissions and improve productivity

per unit of energy consumed (R/kWh). A conservative estimate of the potentianiengy
STFAOASyOe 3dJf2o0lfté A& Y2RStEtSR Ay (GKS 9FFAOA:!
LINK Yl NBE SySNH& RSYIYR UIEA 201R)f phe bedtdavaRabled S KI £ O
technologies were adopted. When compared to potential reductions in GHG emissions

among climate mitigation measures such as renewable energy and carbon sequestration,

energy efficiency in end uses accounts for 45%adéntial emisson reductions.(Kaygusuz

2012)

Industrial Energy Efficiency Industry

A major driver in industrial energy efficiency is the opportunity to save money and reduce
input costs. Local companies such as Toy@hahave been able tavest in energy efficiency
measures with a palpack period of less than two years. Toy&A saved 13,845 MWh over

2 years from a R4,9 million investment in over 50 energy system optimisation initiatives.
These interventions are the low hanging fruit, whizan achieve major savings at scale with
little capital investment and much behaviour change and appropriate energy management
practises. Although the total savings, investments and potential in this sector is not
quantified, there is still substantial pential for greater industrial energy efficiency with best
available technologies and appropriate incentives such as the energy savings allowance and
12| tax allowance incentive.

Agricultural Energy Efficiency Industry

The agricultural energy efficiencydustry is advancing in light of increasing oil prices
affecting input costs of fertilizer and motorized machinery such as tractors. The energy
intensity of different farming methods in different regions varies considerably, requiring
casespecific strater interventions. The major drivers for agricultural energy efficiency are
energy security and cost. Biofuels that can be produced and consumed at the source are
attractive from an energy security point of view. Biogas digesters that can generate natural
gas, electricity and fertilizer are also attractive in the agricultural industry. The energy
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meaning that less income is generated per unit of energy consumed.

Energy Efficiency trends in Transport

Energy efficiency measures in the transport industry can be categorized by fuel and
technology efficiency and modal shifts in both freight and passenger trand@egsured in

litres of gasoline equivalent (Ige) peOQ km, the fuel economy of passenger vehicles in
OECD countries has improved 8y7% between 2008 and 2011 and 46y6% in NorOECD
countries. These efficiencies are not enough to abate for the increasing levels of
motorisation (ownership of personal velés) in developing countries. Public transport is
known to achieve greater passenger km per litre of fuel than private use of passenger
vehicles.

About 74% of South African households av&5iin walking distance from a taxi service but

have no access ta train service(Ryneveld 2008)To address the need for better public
transport, the South African government has initiated large scale infrastructure investments:
R4.2 Billion has been allocated by the Government to theesiatned Passenger Rail
Agency of South Africa (PRASA), and two bus rapid transport systems have been established.
ReaVaya in Johannesburg and My City in Cape Town are in the process of expansion. New
systems are being introduced in Tshwane, Nelson ManBalg Rustenburg and eThekwini,
which are expected to begin construction of their systems shéftlgasury 2013)

Energy efficiency in the South African transport sector is of paramount importance because
the high dependence oimported crude oil at ~70% of primary energy for liquid fUBSA

2013) renders the sector vulnerable to external price shocks, supply constraints and
insecurity. Vanderschuren, Lane and Wakef(@@10)project that road transport in South

Africa can achieve up to 25% energy savings across passenger and freight transport by 2030.
Similarly, rail can achieve up to 10% in energy savings by 2030 and air transport up to 25% by
2030.

Energy Efttiency in Electricity Generation

The energy efficiency in electricity generation industry is fairly standard per technology. Coal
fired electricity generation has an efficiency of 35% on average, which means that only 35%
of the calorific value of raw cod@ processed into useful energy in the form of electricity
generated with a portion of the energy generated used in the generation process.
Supercritical coal fired generation are said to achieve efficiencies of 43% or even as much as
50% but this technolgy is very costlySims, et al. 2008)In comparison, electricity
generation from solar, wind and small hydro is 100% energy efficient, converting all of the
renewable resource into useful energy.

Energy Efficiency iBuildings

The built environment has been identified as the sector contributing to the mestG
emissions, producingpproximately50% of all emissions globallyinked to urban planning,
populationdensity, architectural design, and consumption behavidie, opportunities for
improvedenergy efficiencyand reducing emissions built environment are diverse.
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Integrated planning, monitoring, and management are essential systems to promote greater
energy efficiency. Green star rated buildings and LEED rated buildings are recognised
internationally as standards for energy efficient and low carbon buildingsarallel to these
voluntary rating systemsbuilding regulations can be applied. The South African Energy
Efficiency Building Regulations adopted in 2011 apply similar standards for buildings
appropriate to the region and climate.

Residential Energy Efficien

Residential energy consumption and euske efficiency varies widely between households of
different income groups, climatic regions and levels of industrialisation or economic
development. Many advances have been made in improving and standardisirenéngy
efficiency of appliances with appropriate labelling. However, energy is a normal good, as
incomes rise, more energy is consumed, which can explain the rebound effect.

A phenomenon in modern societies is tlmergy efficiency gapwhich is commonly
understood as the gap between the potential for energy savings and the actual uptake
of/investment in energy efficiency measures. Consumption behaviour and consumer
education are critical in improving residential energy intensity. Modelling residenteaygn
efficiency therefore takes only a portion of total potential savings to accommodate the gap.

As a whole, South Africa consumes more energy to produce income and has an energy
intensive economy compared to Brazil, India Europe and Latin America bes saen in the
figure below.

Figurel: Ratios of Total Final Energy Intensity per region and BRICS countries from- 2840
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The energy intensity of an economym&asured here as ratio of final energy consumption to
GDP. Knowledge economies or tertiary sectors will tend to be less energy intensive than
agricultural economies or primary sectors. China and Russia are more energy intensive that
South Africa but havbeoth shown large improvements in energy efficiency since 1990. The
Middle East is the only region shown in the figure above to have become less energy
efficient over or more energy intensive since 1990.

RENEWABLE ENERGY

Renewable energy technologies (REfave proved to be cost competitive and efficient in
generating centralised and decentralised electricity, as well as direct energy services such as
heat, gas for cooking and liquid fuels. Although global primary energy consumption is still
heavily depedent on fossil fuels, the net investment in new generation capacity from
renewable energy (excluding large hydro) has exceeded investment in conventional
generation capacity for three consecutive yef@omberg New Energy Finari2@l3)

While certain countries lead by significant margins with large portions of total installed
capacity, the graph below shows how more and more countries already have and plan to
have sizeable (over 100MW) installed renewable energy capacityngiating hydro

capacity).

Number of countries with norhydro renewable energy capacity above 100M{NEA 2012a, 12)
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Renewable Energy for Electricity Generation

The increase in renewable energy capacity globally geharattributed to utility scale
renewable electricity generation plants using wind and solar technologies. The solar PV
industry has experienced the fastest growth rates of all renewables with cumulative capacity
increasing by 54% on average per year fi2z00511 (IEA 2012a, 159With 30% reductions
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in the price of solar PV, the level of new investment decreased in 2012 by 11% for the first
time while actual new capacity increased by 29% to 100 GW in (BHEIR21 2013)

Onshore wind power technology is also proven and mature technology like Solar PV and is
also cost competitive with conventional energy generation. Installed capacity has increased
at an average growth rate on 26,5% since 20@A 2012a)This total installed capacity of
onshore wind increased to 230GW in 2QREN21 2013)

Conversion technologies such as cogeneration, Combine Heat and Power (CHP) and
Anearobic Digestio are widely used to generate electricity, heat energy, and natural gas
from biomass. Total global bioenergy (electricity generated from biomass) exceeded 300
TWh in 201X1EA 2012a)The main driver of electricity generation from bioenergy is reliable
feedstocksuch as wood, agricultural residues, waste biomass (or underutilised biomass) and
organic municipal wasteThe wood pellet industry, in particular, has steadily grown as a
major biomass feedstock; with total consumption in 2012 reaching 22,4 million(®BESI21

2013) In addition to the welkestablished sugar industry in KZN and use of baggase
cogeneration to power the sugar mills, new bioenergy industries such as organic waste and
wastewater streams are emerging.

Geothermal electricity generation is another mature technology suitable for locations near
tectonic plates. South Africa does niodve any identified potential in this regard. There is
however considerable opportunity for Ocean Energy power utilising the Agulhus current
(estimated 1212MW potential) on the east codBoberts 2012xand wave potential onhe

cape coastline at 2,5m/sec.

In addition to centralised utility scale plants, renewable energy is also suitable for
decentralised and embedded electricity generation. The market for-mriigro- and offgrid
renewable energy has increased with the faltechnology, battery and inverter prices. The
global statistics for privately installed rooftop PV installations or rural solar home systems in
the region of 1Q; 200 watts are not available, however in Bangladesh more than 2.1 million

[solar home]systéd KIF R 0SSy RSLI) ARESIR 2@8 al NOK HAamMo ®é
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Levelised cost of power generation (USD per MWIHA 2013a, 168)
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Small hydropower is another mature and cost competitive technology daitdor
decentralised generation that can be applied on small dams, irofuiver, inter basin
water transfer schemes and municipal water distribution systems without having a negative
impact upon the environment. The levelised costs of power generagorigzhnology in the
figure above, show that micrbydro and biogas at a small scale are cost competitive with
utility scale power plants.

Levelised costs of electricity for centralistdge-scalegeneration are generally lower than
smallscalegenerationdue to economies ofcale (see solar PV for examplelowever, the

cost of transmission infrastructure and losses are dependent on the location of the
generation plant relative to the end user and existing infrastructure. Decentralised
generation, closeto the enduser or even operated by the end user can therefore prove
more cost effectiveFurthermore, embedded generation hagnefits for the end user and

price taker. Customers and even local authorities are end users and price takers. They are
able togenerate electricity for own use at a lower cost than that which they can import in
the long term.

Solar Thermal Energy

In a class of its own, solar thermal energy can provide hot water as well as space cooling and
heating for various residential anddustrial applications. As a demand side management
measure, Solar Water Heaters can replace as much as 24% of household electricity
consumption. The market for solar thermal water heating is responsible for most of the
industry in growth as can be seenfigure belowg see unglazed, glazed and evacuated tube
water collectors (WC) make up the bulk of growth since 2004. However the market for solar
thermal space heating and cooling is starting to emerge especially in Europe.
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Installed Capacity of Solar Theal Systems from 2004 2009. WC is water collector and AC is air
collector. (Timilsina, Kurdgelashvili and Narbel 2012)
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Beyond 2009, the total global solar water heating capacity alone increased from 195GW
2010, to 238 GW, in 2011, ta255GW,in 2012(REN21 2013)

China is responsible most of the recent growth in the SWH industry, such that SWH are now
cheaper than electrical water heaters. South Africa is following the progress ¢édadang
countries with the implementation of rebates and Energy Efficiency Building Regulations in
2011 that make it mandatory for new buildings to supply at least 50% of annual hot water by
non-electrical means.

Renewable Energy and Liquid fuels

South AfA O Qa4 RSLISYRSyOeé 2y ONHzRS 2Af AYLERNIA AYLI
payments(DoE 2013)Although the heavily susbsidised ct@liquids programme makes

Sasol one of the largest carbon emitting companies intbéd, it also ensures some supply

diversity and local production capacity, which improves energy security in the liquid fuels

sector and lessens the trade deficit.

To improve energy security and lessen the dependence on oil imports or depleting olil

reseves, many countries have implemented mandatory blending rates. Long established

markets like Brazil, can accommodate higher blending rates up to 50% due to a market with

flexi-fuel engines, whereas emerging markets typically aim for E10 (10% ethanotpratést K S

global demand for liquid biofuels more than tripled between 2000 and 2007. Future targets

YR Ay@SaidySyid LIiIlIya adzZ23asSaid aiNRpPp@enBNBRgGK gA
supportive policy actions of national governments, biofuels now acctamover 1.5% of

global transport fuels (around 34 Mtoe in 20@ASims, et al. 2008)
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Although the IPAP recognises the potential to create 125,000 jobs at 10% mandatory
blending rates(DTI 2012) the Regulations regarding the Mandatory Blending of Biofuels
with Petrol and Diesglwhich were ratified in 2012, require a minimum of 5% biodiesel
blending with diesel and-20% bioethanol blending with petrol. This can be provided by
licensed capacity afver 1000 million litres per annum.

Renewable Energy in Rural and Developing Markets

Accessibility and affordability are important drivers for promoting renewable energy in rural
and developing markets. Development objectives and social welfare imperativess the
world have sought to provide more affordable and cleaner energy carriers for basic energy
needs. Gel fuel, a processed biofuel, has been introduced to the market as an affordable
substitute for fuel wood; and fuel efficient stoves that creataah less smoke and use up to
90% less wood/twigs, have also been introduced.

In rural areas of China, India, Nepal, Vietham and Bangladesh, Anaerobic Digestion in the

form of small scale biogas digesters use organic waste to generate gas for cooking and
electricity for lighting(Greben and Oelofse 20089) w9 b H m S &4BmMibnid@nestiK I a
oAz23ra LXlFyda KIFI@®S 06SSy AyadalrfttSR aayosS (KS §
(4.4 million), and smaller numbers inl Y0 2 RA | | y FREN2E 20¢3Y 83NThe

economic viability of biogas digesters in rural homesteads in South Africa have a positive

benefit to cost ratio of 4.83, however if only financial benefits are measured adaiastial

costs, the ratio is 0.98mith 2012)

Ahlfeldt (2013) identifies the offrid residential PV Solar Home System market in South

Africa astthe biggest growth opportunity in the loAgry ¢ A G K 2 @SNJ mdn D2 LRGS
y3fl RSaKsE T2NJ SEFYLX ST Y2NB GKIYy Hodm YAfftAzZyYy

(REN21 2013)

The social, economic and environmental value of renewable energy deployment in rural and
developing markets has attractethuch donor support for such initiatives. Without
subsidies, technical support, micooedit, and favorable lending, the capital investments
required are a major challenge for lemwcome households. Even the fast growing market for
solar lanterns with a datively low per unit cost, faces the challenge of affordabfliighting
Africa 2011)

Compared to diesel generators used by rural customers who can afford to, renewable
energy technologies are fast becoming cost competi(REN21 2013Biogas, solar PV and
wind in particular can generate electricity for own use-gnffd or it can be fed into mini
micro-grids to enhance the welfare and access to modern technology for a community or
village. Community Property Resources (CPRs) have proven effective models for the
deployment and maintenance of micgrids powered by renewable energy in Kenya
(Chaurey and Kandpal 201ecentralised distribution grids (DDG) powered bdiggas
digesters have also been strongly promoted in Ir{thsA 2012a, 118)
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PRIORITIES AND POTENTIAL FOR BEGBIUSTRIES

Taking into account all relevant national policies, the objectives of the Draft Integrated
Energy Plan includ®oE 2013)

Security of energy supply

Minimise cost of energy

Increase access to energy

Diversify supply sources and energy carriers

Minimise emissions by energy sector

Improve energy efficiency

Promote locéization, technology transfer and job creation
8. Water conservation

NookwhpE

These objectives permeate the tax incentives for energy efficiency, and the allocation of
3725 MW to renewable energy projects in the Renewable Energy Independent Power
Producer ProcuremerProgramme (REIPPPP) informed by the Integrated Resource Plan for
electricity. In KwaZuleNatal (KZN) however, the REIPPP has only attracted one 16,5MW
biomass project, recently announced in the third bid window.

There is potential for KZN to be a fastdaler in a number of suitable industrieisidustrial
energy efficiency, SWHplar PV embedded generation, cogeneration at a utility and
industrial scale, anaerobic digestion to generate electricity, gas and liquid fuels from
agricultural waste streams, migipal wastewater and waste to energy techogies
(already a leader in landfill gas), wood chip production for export and use in CHP industries,
bioethanol and biodiesel productioandmicro-hydro power

There is also potential for KZN to be a first mowesecondgeneration biofuels from algae,

ocean current energy generation, and in the deployment of renewable energy in rural and
informal markets.

The major job creation industries in the sustainable energy sector identified by the 2011
Green Jobs Reporare in installation, maintenance and manufacturing of Solar PV,
installation and manufacturing of SWH, materials recovery facilities in Waste to energy
industry, biofuels production, cogeneration, public transport dandconstruction of new
generation pants.

The outcomes of the Sector Survey and Manufacturing Baseline Study will be discussed
within this context at a Stakeholder Meeting with representatives from eThekwini Energy
Office, Economic Development and Investment Promotion Unit, and the Eliggtric
Department. The purpose of the meeting is to receive preliminary presentations on the
manufacturing survey and the sector survey and to assist in formulating recommendations
on how to support sustainable energy manufacturers and the broader sustaiealeley

sector going forward
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1. Introduction

The purpose of this Situational Report is to describe the known nature, trends and state of
the Sustainable Energy (SE) sector globally an&adanth Africa. This Report is the
consolidation of desktop research undertaken prior to a sector survey, which aims to
understand the local experience of businesses active in the SE sector. This market research
will provide the evidence base to inform thdevelopment of a SE Sector Development
Strategy for eThekwini Municipality (eTM), which will aim to create an enabling environment
for the economic development of this sector in the region.

The sustainable energy sector includes multiple-settors or indstries involved in energy
efficiency and renewable energy. Section 2 provides a detailed industry analysis of various
energy efficiency markets, including industrial, agricultural, transport, residential and
electricity generation. Section 3 provides atalked industry analysis of renewable energy

for electricity generation, thermal heating, and rural developing markets. This desktop
research focuses on the market trends internationally and nationally, and identifies critical
success factors as experiedchy existing markets. Section 4 summarises the local priorities
and potential for sustainable energy industries, and section 5 lists the gaps in information
identified during the desktop research process.
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2. Energy Efficiency bustry Analysis

The 2012 World Energy Outlook report models various scenarios for future energy demand
against supply globally. The scenarios take into account technological capacity, policy
targets, market growth trends and even political uncertainty oAservative estimate of the

potential for energy efficiency globally is modelled in the Efficient World Scenario, where
GGKS INBgOGK Ay 3Ft20lFf LINAYINE SESMERBTheRSYl YR
report emphasizes:

G ldese gains are not based on achieving any major or unexpected technological
breakthroughs, but just on taking actions to remove the barriers obstructing the
implementation of energy efficiency measures that are economically viable. Successful
action to ths effect would have a major impact on global energy and climate trends,
O2YLI NBR gAGK GKS (ES20122t A0ASa { OSyl NR2 d¢

Disappointingly, all industries and sectors have been slow in adopting best available
technologes and achieving the full potential of economic energy efficiency. Based on the
average energy intensitiesf a few major industrial sectorand financially viable efficiency
values,Banerjee et a{2012)calculate thathere is apotential energysavingsof 16% in steel
production, 28% in cement production, 4% in paper pulping, and 31% in aluminium
production Furthermore the greatest potential for energy savings is expected in developing
countries.

As a climate changemitigation measure, energy efficiency has the greatest potential to
reduce the carbon emissions according to an analysis of technology pathwasifming
CO2 emissions to current levels by 2@Baygusuz 2012Figure 5 belw shows that energy
efficiency in end uses accounts for 45% of emission reductions.
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Figure2: CQemissions reduction potential per sectdiKaygusuz 2012)

Coal to gas
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Fig. 5. Potential reductions in CO; emissions by technology area.

Energy efficiency is also the masisteffective measure to relieve energy supply constraints

in the short term. GH@missions can be used as a proxy for energy consumption, whereby a
reduction in GHG emissions is directly relative to energy savings. The global GHG abatement
cost curve balw explicitly shows how energy efficiency measures reducge éb@issions,

save energy and save money (at a negative cost) while any new generation build projects
have a substantigHughes, et al. 200@pst.

Figure3: Global GHG Abatement Cost Curve by 2(Sérkar and Singh 2010)
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Despite the immeasurable benefits of saving money and resources, there has been slow up
take of energy efficiency (EE) across the worlte technology to improve energy efficiency
across all sectors exists, and is considered affordable yet structural barriers, market failures
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and information and behavioural problems are argued to stand in the way of realising the
full economic potential oénergy efficiencySarkar and Singh 201@illingham, Newell and
Palmer, Energy Efficiency Economics and Policy 20089 critical success factors for
increasing energy efficiency and growing theustry will be discussed in section 2.7.

This section will review the global and national trends in energy efficiency by sector: industry
(section 2.1), agriculture (section 2.2), transport (section 2.3), residential (section 2.4) and
electricity generéion (section 2.§.

2.1. Industrial Energy Efficiency Trends

The World Energy Courlaiheasures the energy intensity of different sectors and countries

by calculating energy consumption relative to output or production. Figure 3 below shows

K2g {2dziK ! FNAOI Qa LYyRdZAGNRAIf SySNHe AyaSyaai
relative to he averages in Africa and the World.

Figure4: Industrial Energy Intensity of South Africa compared to the world and Africa
South Africa
koe/S05p
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While there is potential to reduce energy consumed in industry by ~20% using best available
technologieqIEA 2013a)many growth industries continue to consume more energy.

Figure 4 and 5 below show that energy consumptiorEihhas increased in all industrial
sectors since 1990. In terms of energy intensity, significant improvements were made by
China and India for example, however in recent years, the rate of improvement has slowed.

! Downloaded on 26 August 2013 Htp://www.worldenergy.org/data/efficiencyindicators/
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Figure5: Globallndustrial Energy Consumption by sectEA, 2013: 3)
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Key point  The five most energy intensive industry sectors are increasing their share of global
industry energy consumption.

Figure6: Aggregate Industrial Energy Intensity by country/regi¢iEA, 2013: 4)
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Mote: Industrial value-added from IEA, 2012h.

Key point  The rate of improvement in industrial energy intensity has slowed in recent years.

It is important to note that the energy intensity of any sector is not a direct measure of
improvements in energy efficiency since multiple other factors come into play, such as
structural changes and variable input pricBEA 2013a)
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In eThekwini, there are several primary and secopdaactors, such as food and beverages,

wood, petroleum and chemicals that are typically more energy intensive (greater than
MDWKkwQnnno GKFEY GSNIAFNE &aSO0deNiges andiz@uilic & G NI |
administration services. This can be s@&ethe table below. Surprisingly the transport sector

iS not as energy intensive as one might expect because of the significant contribution it

makes to GDP. The energy intensity of different sectors is not a sufficient indicator of the

potential energy sangs, but serves as useful comparison with other economies.

Figure 7: Energy and Carbon Intensity by economic ssdxtor for eThekwini Municipality
2007/2008(source: Moolla, 2009ASSA 2011, 94)

Percent Ener. Ener Carbon
. contribu- 9y tCOe ] 9y intensity
Economic sub-sector . consumption .2 intensity

tion to @) emissions (GJ/ R'000) (kg

GDP (%) CO,e/R'000)
Agriculture, fisheries, 1 930786 90719 059 57.62
forestry and mining
Petroleum, chemical and 5 32 845 142 2552297 564 43850
rubber products
Wood and wood products 3 14 679 603 2032463 470 650.84
Food, beverages and 4 25343 066 889837 5.58 196.03
tobacco products
Textiles, clothing and 2 2190 384 361345 097 160.05
leather goods
Other manufacturing 9 7525503 1114421 0.70 103.53
Trade 17 3373325 937 035 0.18 48.98
Financial and real estate-services 15 3345430 9290 286 0.19 52.43
Transport services 1 1598149 259339 0.13 2133
Public administration and 24 4908 356 1291409 0.18 47.01
services
Other business and services 9 3562256 774 871 0.34 73.69

The Tracking Clean Energy Progress 2013 R@R#rt2013a3crutinizes potential for greater
industrial energy efficiency within the Iron and Steel sector, Cement sector, Chemicals and
Petro-chemicals sector. Although efigmicy measures are particular to the industrial process,
there are some cross cutting measurasch as: higtefficiency motors and variablgpeed
drives, heat recovery technologies, sensansl controls, and cgeneration.

Better energy managementneasurement and auditing are as important as technological
AYYy20FGA2Yy AY AYRdzA G NR I § LINPOSaasSa |yR 2LISNI
management, and by the initiation of an energy management program early on, these

barriers [to energy efficiency mplementation] can be avoided and results and
recommendations from an energy assessment can feed into a receptive management

a & & ((BawWkes 2005)
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The National Cleaner Production Centre in South Africa successfully engageal targe
local industrial manufacturers in better energy management systems with the following
results:

Figure8: Project Achievements to DatéMcKuur 2013)

EnMS Implementation Results over 2 years (2011-2012)

Company Savings Savings tCo, Capital Comments
Name (kWh) (ZAR) Emissions Investment
Reduction (ZAR)

ArcelorMittal 174 002 409 170 300 000 166 519 500 000 No/low cost investment projects.

Toyota-SA 13 845 056 9 630 962 11904 4913612 Represents 73 energy saving
projects

Gelvenor Textile 1993 340 1 096 336 1908 0 Only 3 no cost projects declared.

Saint-Gobain 1 835 832 1 009 706 1757 0 No cost behaviour changes
excluding on-going water gauge
project.

Total 191 676 637 182037004 182088 5413612

In eThekwini, Toyot&A saved 13,845 MWidver 2 years from a R4,9 million investment in

over 50 energy system optimisation initiatives including: implementing an energy
management system, pump optimization, compressed air, day light harvesting, lighting

reduction, and lighting and ventilation samation. This resulted in a savings of R9,6 million
0SG6SSY HnmMmM YR HAMHI GgKAOK TFlLftfta ¢Sttt oAGKAY
AYAGALFGAGSa GKFG aK2g | LI (RGPEOOL2AEIBeNHKROR 2 F f Sa¢
electricity rises by a projected 8% per year, the monetary savings to be gained from EE
measures and better energy management will be greater for local companies like Toyota SA.

The industrial price elasticity for electricity demand will determinevhesponsive industry

will be to the projected price increases. Inglestiz (2012) shows that the SA industrial

electricity price elasticity of demand did not vary significantly in the 2000s, stabilising

& | NR-885 Rhowing that the industrial sectora SELISNA SYOSR |y AyStl ada
figure below shows how the real price of electricity decreased since the 70s causing SA to

KFrgS GKS a2yS 2F t26Sai LINAOSa Ay -LotK&d 62 NI RO
Blignaut (2011a) in many industristib-sectors, the percentage of electricity costs to total

for 2005 has not exceeded 3% showing that electricity is not an unimportant input to the

G20GFt O2al(khgledifotza0d2) A y Saaé
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Figure9: Electricity prices and estimated price elasticity for the industrial sector 12007
(InglesiLotz 2012)

30 -0.85

25 \/\’\ - -0.9
20 - -0.95

E
= 15 -1
ey
(=]
10 - -1.05
5 - - 1.1
0 1 1 T T ] L L T I 1 1 L T I L) L L I L] L] T L _1-15
[ (=2} = m 5} M~ an = m i = (=} L) m L =
= iy o0 [s.0] [=0] =] [=.9] (=] [=)] [#1] (=] [=)] o [ (] (]
(=)] (=)] (s3] (=2] (=p] [=)] 7] (=)] (=) h (=)] [=)] o L] (=] (=]
i i - i i - i i i i i — ™~ ™~ ('] ™~
= glectricity price price elasticity

The SA Energy Efficiency Strat€2§05)set a target of 15% final energy demand reduction
for industry by 2015. In order to achieve this target, tax incentives and energy savings
regulations have been instated. The Section 12| Tax Allowance Incentive by national
Treasury and Energy Savingsowdnce Regulations by the Department of Energy apply

here.

Q\
Q)¢

Ga{Ay0S G(KS {SOGA2y wmMuHL ¢LE '1tt26FyO0S
programme has supported 13 projects with an investment value of R21,7 billion. These
projects are within the priority sectoiidentified in the Industrial Policy Action Plan (IPAP).

Eight of the projects are in the chemical sector; one within the agro processing
sector, two are in the paper and pulp sector, and two in the-foe sector with a total
investment of R21,billion. These projects will create 1 618 direct jobs and 25 448 indirect
jobs are estimated to create R3,7 billion worth of opportunities for small medium and micro
SYGSNILINR &S (DINZ2RYZINBYSyYy (i dé

The Tracking Clean Enerdrogress 2013 Repor(lEA 2013a)highlighted that the

al ydzFl O dzNR& y 3 | 2YLISGAGADS 9YKIyOSYSyi t N2 3 NJ °
Department of Trade Industry in 2012 is a significant driver of investment in Energy

Efficiency The Programme will make USD 640 million available over five years to companies

willing to invest in clean technology among other areas of investment
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2.2. Agricultural Energy Efficiency Trends

The trends in agricultural energy eféocy are different for developing and developed
countries, types of crops and climatic conditions. Figure 7 and 8 below show how the input
intensities of agricultural sectors in developing countries are quite different from that of
developed countries. lhoth cases, energy intensity closely follows the intensity of fertilizers
and tractors.

Figure 10: Input intensities over time relative to average input intensity between 1961 and 2003
aggregated over all developing countri¢Schneider and Smith 2009)
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Figure11: Input intensities over time relative to average input intensity between 1961 and 2003
aggregated over all developed countrigSchneide and Smith 2009)
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Schneider and Smitf2009)02 y Of dzZRSR G g KAt S GKS @I NRIF GAZ2Y Ay ¢
30 years has been relatively small, large differences exist between countries. A considerable
portioy 2F GKFG @FENRFGAZ2Y YIFI@ 0SS RdzS (2 RAFFSNBYyOS

Woods et a2010)examine the relationship between energy and food systems. A detailed

analysis of food production shows difference agricullurmanagement approaches

depending on crops animal farmed. For example potato cropping in the UK is more energy
AyaSyargsS GKIFy OSNBIFfta FyR fS3dzySa o060SOFdzaS LR
OFyS LINRRdAZOGAZ2Y YR (KS ! fi¥das vegy KeBergi efficid® R dzO G A 2 y
because of the low water content. Meat productiam the other hand, is commonly cited

as the most energy intensive subsector of agriculture (involving the energy used in growing

feed grains and in processing and transportjngins and meat) accounting for 18% of global
greenhousegas emissionéVicMichael, et al. 2007 Meat consumptiorg and hence energy

consumptiong is expected to rise per region as is shown in the figure below.

Figurel2: Trends in consumption of livestock products per person (milk, eggs, and dairy products,
excluding butter)(McMichael, et al. 2007)
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In addition to energy efficiency, which reduces input costs, the agui@llisector values
energy security, which increases the stability of input costs and production rate. The sugar
cane industry in Brazil, India and South Africa utilise much of the residual biomass (bagasse)
as a feedstock in the cogeneration of electri¢iiyprocess sugar. The reduction in fossil fuel
inputs improves the energy security and stability of input costs in the sugar cane industry
(Woods, et al. 2010)
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Woods et al (2010) conclude that échnological developments, changes in crop
management, and renewable energy will all play important roles in increasing the energy
efficiencyand energy securitgf the agricultural sector.

CAIAdzNBE ¢ 0St2¢ aK2gadzkR® $ZINEe ! FWA DY DAG & IINS IO
YR GKSNBFFGESN 2yfeé YINBAylFLftfte RSONBIFASR FNRY
considerably higher than the averages in Africa and the World.

Figurel3: Energy Intensity oAgricultural Industry in South Africa
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Haw and Hughe@007)gave an estimate of useful energy demand in the agricultural sector

in South Africa using 2001 figures: 9.3% heat, 16.2% irrigation, 13.9% processing, 36,6%
traction, and 24% other. Useful energy demand is highest for traction, which utilises diesel

and petrol. This corresponds with the high demand for dieée9% of total final energy

RSYFYR Ay GKS | 3INRKROdz GdzNTF £ &S Qtin@ositharde$tGO Ky 2 £ 2 3 A
and pumps using diesel or petrol) are able to use aftssil fuel blend. Tractors and

harvesters are also able to run on puredgithanol or biediesel for a case in which farmers

may be producing biofuel on site for use in their ¢y @ S K(Wavfarfl &dybes 2007, 46)
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2.3. Energy Efficiency Trends in Transport

Energy Efficiency trends in transport span passenger transport (both private and public) and
freight transport (including air, sea, and road). Through mode improvements (vehicle
efficiency), energy improvements (fuel efficiency), behavioural and management
improvements (modal shifts), greater energy efficiency can be achieved in the transport
sector.

2.3.1. Passenger Transport

Trends in passenger transport are driven by multiple factors such as changes in urban
population densities, landse characteristics, vetie technologies and fuel costs. The

average travel time per day for passengers is estimated at 1.1 hourE&tdafer and Victor

2000) This average travel time budget per day has been observed to be constant over time

and acoss income groups/levels, however the distance achieved in 1.1 hours/day will vary

depending on the speed of vehicle technology, affordability and-tzdS OK I NJ OG SNA a i A C
world regions illustrate the same phenomenon of shifting from slow to fastedes of

transport as income and the demand for mobility rise. Variations among regions largely

reflect the historical legacy of infrastructures, which partially reflect population density,

policies and tastegSchafer and Victor 20 @

The Fuel Economy and Transport sector have seen slight improvements in the average fuel
economy of light duty vehicles (LDVs) or conventional passenger vehicles. Meaditred in

of gasoline equivalent (Ige) per 100 km, the fuel economy ofgrager vehicles in OECD
countries has improved by2.7% between 2008 and 2011 and HY.6% in NorOECD
countries.

Fuel economy (lge/100km) Annual change
2005 2008 2010 2011 2030 target 2005-08 2008-11 Required 2011-30
OECD 8.1 7.6 7.0 7.0 -2.2% -2.7%
Non-OECD 7.5 7.6 7.5 7.5 0.4% -0.6%
”ﬁl};)rld 8.0 7.6 7.2 7.2 4.0 -1.7% -1.8% -3.0%

Figure 10: Fuel Economy Status WorldwidEA 2013a)

Merven et al(2012)apply an annual change in fuel economy improvements for South Africa

at 0,4% for light duty vehicles, which is less than the above 0,6% i¥OEQD countries.

National fuel economy improvements are also dependent on the average age of the national

GOI NJ £&FF GKS f2y3ISNI 2t RSNJ 6t Saa SFFAOASYlOL OSK.
fuel economy will improve.

In the same way that passenger vehicle ownership has dramatically increased among
industrialised countries, vehicle ownership is rapidly gngvn developing countries that

are entering the per capita income range of US$2B000 (Wright and Fulton 2005)

Currently in South Africa the average motorisation rate is about 180 vehicles per thousand

LIS2 LI Sz mpakedtl a range of 30@to 800 for developed countries and an average

2F I NRdzy R nn F2NJ ! FNMeven étwlk2812232 NI R . Fy1Z HAMMO
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In addition to income, othedriving factors for increasing private veleiobwnershipare:
population growth, urbanization levels, importation regulations and the quality of
alternative transport servicerivate vehicle usage is also rapidly increasing while public
transport usage is decreasing in developing countries as easebn by the table below
(Wright and Fulton 2005)

Figurel4: Trends in mode share of public transport in selected citi®gright and Fulton 2005)

Public transport as Public transport as

a percentage of a percentage of
City Earlier year motorized trips Later year motorized trips
Bangkok 1970 53 1990 39
Buenos Aires 1993 49 1999 33
Kuala Lumpur 1985 34 1997 19
Mexico City 1984 80 1994 72
Moscow 1990 87 1997 83
Sao Paulo 1977 46 1997 33
Seoul 1970 67 1992 61
Tokyo 1970 65 1990 48
Shanghai 1986 24 1995 15
Warsaw 1987 80 1998 53

Source: WBCSD (2001).

This trend of greater motorisation will cause increased energy consumption and emissions
per capita. Using scenario analysis, Wright and Fule805)S & G A Y I (si8ftingi iKddei &
share from higkemitting sources (priva vehicles) to loweemitting sources (public
transport and nonmotorized options) produced emission reduction costs between US$14
YR ! {bPcckli2yyS 2F / hudé

The 15 year Review of Public Transport Development in South Africa commissioned by the
National PAnning Commission, highlights a number of state capacity issues responsible for
the underdevelopment of public transport such as poor capacity for implementation and
coordination of responsibility, not to mention the often volatile stakeholders. Despii@d

policy and principles for development, Rynevéxd08)paints the bleak picture of current
public transport infrastructure in the figure below. About 74% of households &reniin
walking distance from a taxi secei but have no access to a train service.
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Figurel5: Household access to public transpdRRyneveld 2008)
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In recent years the South African government has initiated large scale infrastructure
invesments to begin the process of improving and expanding public transport offerings in
South Africa. With regards to rail R4.2 Billion has been allocate by the Government to the
state-owned Passenger Rail Agency of South Africa (PRASA) to behygar pboairement
programme for new rolling stock. The first coaches are expected to be delivered in 2015.
(Treasury 2013) In addition large scale investments have been initiated into bus rapid
transit systems in cities across Soutfrica. Two systems have been established ReaVaya in
Johannesburg and My City in Cape Town and are in the process of expansion. New systems
are being introduced in Tshwane, Nelson Mandela Bay, Rustenburg and eThekwini, which
are expected to begin construoh of their systems shortlfTreasury 2013)

2.3.2. Freight Transport

The optimal balance of intermodal freight transport where road, rail and waterway networks

are integrated and interconnected can achieve greater energy efficieadycing costs and
SYA&aaA2yad aLy 9 dzbdel id@rmodd BoNdiorss Edduce dfaoh didkidel f

emissions by 55% (or by 1.8 million tons per year) and save 29% of energy usage compared

to a roadonly solution, with estimated annual environmént &+ gAy 3a 2F | 02dzi € \
(Havenga, et al. 2011, 153)

Greater efficiencies are achieved along the freight transport supply chain by unitising cargo
(such as packaging goods on pallets within containers) enabkngwift transfer of freight

from one mode of transport to another and from one distribution centre to another
(Havenga, et al. 2011)

Pederson (2001) examined the development and impact of trucking, shipping, air and rail
freight transport in Africa. With better maintenance of infrastructure and clossler

flows, greater efficiencies can be achieved. However these energy efficiencies must also
correspond with input cost reduction. Trends in freight transport are largeiyed by cost,
reliability and convenience.
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Havenga et af2011)compared the cost of transporting freight between Durban and Cape
Town. Transporting the same amount of palletised freight by road cost 46.6 cents par tonk
compared with the 32.8 cents per tonkm it cost to rail similar freight on similar routes.

In South Africa, energy efficiency in the transport sector is of paramount importance
because the high dependence on imported crude oil at ~70% of primary eneardjyuiol
fuels (RSA 2013)enders the sector vulnerable to external price shocks, supply constraints
and insecurity. Vandeschuren, Lane and Wakefor¢d010) cite numerous transport
efficiencymeasures and the potential impact based on international literature. For example:

1 Lightweight materials can improve energy efficiency between (L. B0% across
different modes of transport.

1 Biofuels can improve energy efficiency by 8% and hybrid vehiaasimprove
energy efficiency of passenger transport b %, freight transport by 55140%,
and bus transport by 75%.

9 Idle reduction can improve energy efficiency between-187% across different
modes of transport.

1 Fleet tracking systems can improgeergy efficiency between 1525% by measures
such asoute optimisation and the reduction of empty trips

Figurel6: Road Freight Transport efficiency measure and potential energy reduction
(Vanderschuen, Lane and Wakeford 2010)
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Figurel7: Road Passenger Transport efficiency measwaed potential energy reduction
(Vanderschuren, Lane and Wakeford 2010)
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Figurel8: Rail Transport efficiency measures and potential energy savings
(Vanderschuren, Lane and Wakeford 2010)
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Figurel9: Air Transport efficiency measure and potential energy reductions
(Vanderschuren, Lane and Wakeford 2010)
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Figure 13, 14, 15 and 16 above project the potential energy savings across passenger and
freight road transport (up to 25% by 2030), rail (up to 10% by 2030) and air (up to 25% by
2030).

The optimal corhination of public and private measures within local developmental
constraints is required to achieve the potential energy savings.

The SA Energy Efficiency Strat€2905)set a target for final eergy demand reductiorof

9% by 2015n the transport sector relying heavily on behaviour change and fuel efficiency
a0FyRIFNRa® a¢KS AYLIOG 2F YSFadaNBa adzOK | &
and spatial planning are also difficult to assess at this stage andmdmtarventions with

impacts in the londi S N@ME 2005)

LJdz

To improve long term freight efficiency the Government through its agency Transnet is
investing considerable amounts in freight infrastructure. During the 2010/11 financial year

¢NI yaySi aAyONBF&aSR OF LI OAdé 2y ilodidbrs and E LI2 NI
02dAK3I mmn ySg 202 MPdasu 2613) T2aNditidn KI&iagSthef A y Sa ¢
HAMMKHAMH LISNA2R ¢NIyaySid Ay@SaiSR aGwmnodp oOAff
AYFNI &0NHzOG dzNBTrdasaiR200B £ t Ay3 ad2 0] ®¢

NJ
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2.4. Energy Efficiency Trends in Electricity Generation

The energy efficiency of electricity generation relates to the amount of energy produced
compared to the amount of energy losses during production (not including the energy losses
during transmission), or compared to the total energy value of primary spQbal fired
electricity generation has an efficiency of 35% on average, which means that only 35% of the
calorific value of raw coal is processed into useful energy in the form of electricity generated
with a portion of the energy generated used in thengration process. The energy efficiency
values for all types of electricity generation are shown in the table below.

Figure20: Characteristics of New Generation Plar{#/inkler (ed), et al. 2006, 18

Supercritical coal fired generation are said to achieve efficiencies of 43% or even as much as
50% but this technology is very cost{$ims, et al. 2008)In comparison, electricity
generation from solar, wind and sithdoydro is 100% energy efficient, converting all of the
renewable resource into useful energy. However, dual axis tracking systems typical in
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