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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 formulating recommendations on how to create an enabling environment 

for the development of the sustainable energy sector going 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 various 

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 potential for energy 

ŜŦŦƛŎƛŜƴŎȅ Ǝƭƻōŀƭƭȅ ƛǎ ƳƻŘŜƭƭŜŘ ƛƴ ǘƘŜ 9ŦŦƛŎƛŜƴǘ ²ƻǊƭŘ {ŎŜƴŀǊƛƻΣ ǿƘŜǊŜ άǘƘŜ ƎǊƻǿǘƘ ƛƴ Ǝƭƻōŀƭ 

ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ŘŜƳŀƴŘ ǘƻ нлор ǿƻǳƭŘ ōŜ ƘŀƭǾŜŘέ (IEA 2012) if the best available 

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% of potential emission 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 Toyota-SA have been able to invest in energy efficiency 

measures with a pay-back period of less than two years. Toyota-SA 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, which can 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 potential for greater industrial energy efficiency with best 

available technologies and appropriate incentives such as the energy savings allowance and 

12I tax allowance incentive.  

Agricultural Energy Efficiency Industry 

The agricultural energy efficiency industry 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 

case-specific strategic 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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ƛƴǘŜƴǎƛǘȅ ƻŦ ǘƘŜ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ƛƴŘǳǎǘǊȅ ƛǎ ƘƛƎƘ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ǿƻǊƭŘΣ 

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 transport. Measured in 

litres of gasoline equivalent (lge) per 100 km, the fuel economy of passenger vehicles in 

OECD countries has improved by -2.7% between 2008 and 2011 and by -0.6% in Non-OECD 

countries. These efficiencies are not enough to abate for the increasing levels of 

motorisation (ownership of personal vehicles) 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 are 1-15min walking distance from a taxi service but 

have no access to a 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 the state-owned 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 Mandela Bay, Rustenburg and eThekwini, 

which are expected to begin construction of their systems shortly (Treasury 2013). 

Energy efficiency in the South African transport sector is of paramount importance because 

the high dependence on imported crude oil at ~70% of primary energy for liquid fuels (RSA 

2013) renders the sector vulnerable to external price shocks, supply constraints and 

insecurity.  Vanderschuren, Lane and Wakeford (2010) 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 Efficiency 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 coal is 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 technology is very costly (Sims, 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 in Buildings 

The built environment has been identified as the sector contributing to the most GHG 

emissions, producing approximately 50% of all emissions globally. Linked to urban planning, 

population density, architectural design, and consumption behaviour, the opportunities for 

improved energy efficiency and reducing emissions in 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 buildings. In parallel to these 

voluntary rating systems, building 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 Efficiency 

Residential energy consumption and end-use 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 standardising the energy 

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 the energy efficiency gap, which 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 residential energy 

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 as can be seen in the 

figure below.  

Figure 1: Ratios of Total Final Energy Intensity per region and BRICS countries from 1990 - 2011 

 

Source: http://www.worldenergy.org/data/efficiency-indicators/ 
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The energy intensity of an economy is measured 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 have both 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 (RETs) have 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 dependent 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 years (Bloomberg New Energy Finance 2013). 

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 capacity (not including hydro 

capacity). 

Number of countries with non-hydro renewable energy capacity above 100MW (IEA 2012a, 12) 

 

 

Renewable Energy for Electricity Generation  

The increase in renewable energy capacity globally is largely attributed 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 from 2005-11 (IEA 2012a, 159). With 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 2012 (REN21 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 2005 (IEA 2012a). This total installed capacity of 

onshore wind increased to 230GW in 2012 (REN21 2013).  

Conversion technologies such as cogeneration, Combine Heat and Power (CHP) and 

Anearobic Digestion are widely used to generate electricity, heat energy, and natural gas 

from biomass. Total global bioenergy (electricity generated from biomass) exceeded 300 

TWh in 2011 (IEA 2012a). The main driver of electricity generation from bioenergy is reliable 

feedstock such as wood, agricultural residues, waste biomass (or underutilised biomass) and 

organic municipal waste. The wood pellet industry, in particular, has steadily grown as a 

major biomass feedstock; with total consumption in 2012 reaching 22,4 million tons (REN21 

2013).  In addition to the well-established sugar industry in KZN and use of baggase in 

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 not have 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 coast (Roberts 2012) and wave potential on the 

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 mini- micro- and off-grid 

renewable energy has increased with the fall in technology, battery and inverter prices. The 

global statistics for privately installed rooftop PV installations or rural solar home systems in 

the region of 10 ς 200 watts are not available, however in Bangladesh more than 2.1 million 

[solar home] systeƳǎ ƘŀŘ ōŜŜƴ ŘŜǇƭƻȅŜŘ ōȅ aŀǊŎƘ нлмоΦέ (REN21 2013)  
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Levelised cost of power generation (USD per MWh) (IEA 2013a, 168) 

 

Small hydropower is another mature and cost competitive technology suitable for 

decentralised generation that can be applied on small dams, in run-of-river, inter basin 

water transfer schemes and municipal water distribution systems without having a negative 

impact upon the environment. The levelised costs of power generation per technology in the 

figure above, show that micro-hydro and biogas at a small scale are cost competitive with 

utility scale power plants. 

Levelised costs of electricity for centralised large-scale generation are generally lower than 

small-scale generation due to economies of scale (see solar PV for example). However, 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, closer to the end-user or even operated by the end user can therefore prove 

more cost effective. Furthermore, embedded generation has benefits for the end user and 

price taker. Customers and even local authorities are end users and price takers. They are 

able to generate 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 and industrial 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 seen in figure below ς 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 Thermal Systems from 2004 ς 2009. WC is water collector and AC is air 

collector. (Timilsina, Kurdgelashvili and Narbel 2012) 

  

Beyond 2009, the total global solar water heating capacity alone increased from 195 GWth in 

2010, to 223 GWth in 2011, to 255 GWth 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 of the leading 

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 AfrƛŎŀΩǎ ŘŜǇŜƴŘŜƴŎȅ ƻƴ ŎǊǳŘŜ ƻƛƭ ƛƳǇƻǊǘǎ ƛƳǇŀŎǘ ƴŜƎŀǘƛǾŜƭȅ ƻƴ ǘƘŜ ƴŀǘƛƻƴŀƭ ōŀƭŀƴŎŜ ƻŦ 

payments (DoE 2013). Although the heavily susbsidised coal-to-liquids programme makes 

Sasol one of the largest carbon emitting companies in the world, 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 oil 

reserves, 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% ethanol) ratesΦ ά¢ƘŜ 

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

ŀƴŘ ƛƴǾŜǎǘƳŜƴǘ Ǉƭŀƴǎ ǎǳƎƎŜǎǘ ǎǘǊƻƴƎ ƎǊƻǿǘƘ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ƛƴ ǘƘŜ ƴŜŀǊ ŦǳǘǳǊŜΧ Driven by 

supportive policy actions of national governments, biofuels now account for over 1.5% of 

global transport fuels (around 34 Mtoe in 2007).έ (Sims, 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 Diesel, which were ratified in 2012, require a minimum of 5% biodiesel 

blending with diesel and 2-10% bioethanol blending with petrol. This can be provided by 

licensed capacity of over 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 imperatives across 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 create much less smoke and use up to 

90% less wood/twigs, have also been introduced. 

In rural areas of China, India, Nepal, Vietnam 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 2009)Φ w9bнм ŜǎǘƛƳŀǘŜ ǘƘŀǘ  ά48 million domestic 

ōƛƻƎŀǎ Ǉƭŀƴǘǎ ƘŀǾŜ ōŜŜƴ ƛƴǎǘŀƭƭŜŘ ǎƛƴŎŜ ǘƘŜ ŜƴŘ ƻŦ нлммΧ ƛƴ /Ƙƛƴŀ όпнΦу Ƴƛƭƭƛƻƴύ ŀƴŘ LƴŘƛŀ 

(4.4 million), and smaller numbers in /ŀƳōƻŘƛŀ ŀƴŘ aȅŀƴƳŀǊέ (REN21 2013, 83).  The 

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 against financial 

costs, the ratio is 0.98 (Smith 2012). 

Ahlfeldt (2013) identifies the off-grid residential PV Solar Home System market in South 

Africa as άthe biggest growth opportunity in the long-terƳ ǿƛǘƘ ƻǾŜǊ мл D² ǇƻǘŜƴǘƛŀƭέΦ άIn 

.ŀƴƎƭŀŘŜǎƘΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ƳƻǊŜ ǘƘŀƴ нΦм Ƴƛƭƭƛƻƴ ǎȅǎǘŜƳǎ ƘŀŘ ōŜŜƴ ŘŜǇƭƻȅŜŘ ōȅ aŀǊŎƘ нлмоΦέ 

(REN21 2013) 

The social, economic and environmental value of renewable energy deployment in rural and 

developing markets has attracted much donor support for such initiatives. Without 

subsidies, technical support, micro-credit, and favorable lending, the capital investments 

required are a major challenge for low-income households. Even the fast growing market for 

solar lanterns with a relatively low per unit cost, faces the challenge of affordability (Lighting 

Africa 2011). 

Compared to diesel generators used by rural customers who can afford to, renewable 

energy technologies are fast becoming cost competitive (REN21 2013). Biogas, solar PV and 

wind in particular can generate electricity for own use off-grid 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 micro-grids powered by renewable energy in Kenya 

(Chaurey and Kandpal 2010). Decentralised distribution grids (DDG) powered by biogas 

digesters have also been strongly promoted in India (IEA 2012a, 118). 
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PRIORITIES AND POTENTIAL FOR LOCAL SE INDUSTRIES 

Taking into account all relevant national policies, the objectives of the Draft Integrated 

Energy Plan include (DoE 2013): 

1. Security of energy supply 
2. Minimise cost of energy 
3. Increase access to energy 
4. Diversify supply sources and energy carriers 
5. Minimise emissions by energy sector 
6. Improve energy efficiency 
7. Promote localization, technology transfer and job creation 
8. Water conservation 

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 Procurement Programme (REIPPPP) informed by the Integrated Resource Plan for 

electricity. In KwaZulu-Natal (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 fast follower in a number of suitable industries: industrial 

energy efficiency, SWH, solar PV embedded generation, cogeneration at a utility and 

industrial scale, anaerobic digestion to generate electricity, gas and liquid fuels from 

agricultural waste streams, municipal wastewater and waste to energy technologies 

(already a leader in landfill gas), wood chip production for export and use in CHP industries, 

bioethanol and biodiesel production, and micro-hydro power. 

There is also potential for KZN to be a first mover in second-generation 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 Report are 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 and in construction of new 

generation plants.  

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 Electricity 

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 sustainable energy 

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 and in South 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 the development 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 sub-sectors or industries 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 a detailed 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 experienced by 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 Industry 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. A conservative estimate of the 

potential for energy efficiency globally is modelled in the Efficient World Scenario, where 

άǘƘŜ ƎǊƻǿǘƘ ƛƴ Ǝƭƻōŀƭ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ŘŜƳŀƴŘ ǘƻ нлор ǿƻǳƭŘ ōŜ ƘŀƭǾŜŘέ (IEA 2012). The 

report emphasizes:  

ά¢hese 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 this effect would have a major impact on global energy and climate trends, 

ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ bŜǿ tƻƭƛŎƛŜǎ {ŎŜƴŀǊƛƻΦέ (IEA 2012, 2) 

Disappointingly, all industries and sectors have been slow in adopting best available 

technologies and achieving the full potential of economic energy efficiency. Based on the 

average energy intensities of a few major industrial sectors, and financially viable efficiency 

values, Banerjee et al (2012) calculate that there is a potential energy savings of 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 change mitigation measure, energy efficiency has the greatest potential to 

reduce the carbon emissions according to an analysis of technology pathways for reducing 

CO2 emissions to current levels by 2050 (Kaygusuz 2012). Figure 5 below shows that energy 

efficiency in end uses accounts for 45% of emission reductions. 
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Figure 2: CO2 emissions reduction potential per sector (Kaygusuz 2012) 

 

Energy efficiency is also the most cost-effective measure to relieve energy supply constraints 

in the short term. GHG emissions 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 below explicitly shows how energy efficiency measures reduce CO2 emissions, 

save energy and save money (at a negative cost) while any new generation build projects 

have a substantial (Hughes, et al. 2009) cost. 

Figure 3: Global GHG Abatement Cost Curve by 2030 (Sarkar and Singh 2010) 

 

 

Despite the immeasurable benefits of saving money and resources, there has been slow up 

take of energy efficiency (EE) across the world. The 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 of energy efficiency (Sarkar and Singh 2010) (Gillingham, Newell and 

Palmer, Energy Efficiency Economics and Policy 2009). The critical success factors for 

increasing energy efficiency and growing the industry 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 generation (section 2.6).  

 

2.1. Industrial Energy Efficiency Trends 

The World Energy Council1 measures the energy intensity of different sectors and countries 

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

Ƙƻǿ {ƻǳǘƘ !ŦǊƛŎŀΩǎ LƴŘǳǎǘǊƛŀƭ ŜƴŜǊƎȅ ƛƴǘŜƴǎƛǘȅ Ƙŀǎ ƻƴƭȅ ƳŀǊƎƛƴŀƭƭȅ ŘŜŎǊŜŀǎŜŘ ǎƛƴŎŜ мффл 

relative to the averages in Africa and the World.  

Figure 4: Industrial Energy Intensity of South Africa compared to the world and Africa 

 

While there is potential to reduce energy consumed in industry by ~20% using best available 

technologies (IEA 2013a), many growth industries continue to consume more energy.  

Figure 4 and 5 below show that energy consumption in EJ has 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.  

                                                           

1 Downloaded on 26 August 2013 at http://www.worldenergy.org/data/efficiency-indicators/ 
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Figure 5: Global Industrial Energy Consumption by sector (IEA, 2013: 3) 

 

 

Figure 6: Aggregate Industrial Energy Intensity by country/region (IEA, 2013: 4) 

 

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 prices. (IEA 2013a) 
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In eThekwini, there are several primary and secondary sectors, such as food and beverages, 

wood, petroleum and chemicals that are typically more energy intensive (greater than 

мDWκwΩлллύ ǘƘŀƴ ǘŜǊǘƛŀǊȅ ǎŜŎǘƻǊǎ ǎǳŎƘ ŀǎ ǘǊŀŘŜΣ ŦƛƴŀƴŎƛŀƭ ǊŜŀƭ ŜǎǘŀǘŜ-services and public 

administration services. This can be seen in the 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 savings, but serves as useful comparison with other economies. 

Figure 7: Energy and Carbon Intensity by economic sub-sector for eThekwini Municipality 

2007/2008 (source: Moolla, 2009) (ASSA 2011, 94)  

 

The Tracking Clean Energy Progress 2013 Report (IEA 2013a) scrutinizes potential for greater 

industrial energy efficiency within the Iron and Steel sector, Cement sector, Chemicals and 

Petro-chemicals sector. Although efficiency measures are particular to the industrial process, 

there are some cross cutting measures such as: high-efficiency motors and variable-speed 

drives, heat recovery technologies, sensors and controls, and co-generation. 

Better energy management, measurement and auditing are as important as technological 

ƛƴƴƻǾŀǘƛƻƴ ƛƴ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ƻǇŜǊŀǘƛƻƴǎΦ ά.ȅ ŜƴǎǳǊƛƴƎ ǘƘŜ ǎǳǇǇƻǊǘ ƻŦ ǘƻǇ 

management, and by the initiation of an energy management program early on, these 

barriers [to energy efficiency implementation] can be avoided and results and 

recommendations from an energy assessment can feed into a receptive management 

ǎȅǎǘŜƳέ (Fawkes 2005).  
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The National Cleaner Production Centre in South Africa successfully engaged several large 

local industrial manufacturers in better energy management systems with the following 

results: 

Figure 8: Project Achievements to Date (McKuur 2013) 

 

In eThekwini, Toyota-SA saved 13,845 MWh over 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 automation. This resulted in a savings of R9,6 million 

ōŜǘǿŜŜƴ нлмм ŀƴŘ нлмнΣ ǿƘƛŎƘ Ŧŀƭƭǎ ǿŜƭƭ ǿƛǘƘƛƴ ǘƘŜ ŎƻƳǇŀƴȅ ǇƻƭƛŎȅ άǘƻ ŎƻƴǎƛŘŜǊ ŀƭƭ ŜƴŜǊƎȅ 

ƛƴƛǘƛŀǘƛǾŜǎ ǘƘŀǘ ǎƘƻǿ ŀ ǇŀȅōŀŎƪ ǇŜǊƛƻŘ ƻŦ ƭŜǎǎ ǘƘŀƴ ǘǿƻ ȅŜŀǊǎέ (NCPC 2012). As the price of 

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 determine how responsive industry 

will be to the projected price increases. Inglesi-Lotz (2012) shows that the SA industrial 

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

άŀǊƻǳƴŘ -0.95 showing that the industrial sector haǎ ŜȄǇŜǊƛŜƴŎŜŘ ŀƴ ƛƴŜƭŀǎǘƛŎ ŘŜƳŀƴŘέΦ ¢ƘŜ 

figure below shows how the real price of electricity decreased since the 70s causing SA to 

ƘŀǾŜ ǘƘŜ ǎƻƳŜ ƻŦ ƭƻǿŜǎǘ ǇǊƛŎŜǎ ƛƴ ǘƘŜ ǿƻǊƭŘΦ άIƻǿŜǾŜǊΣ ŀǎ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ LƴƎƭŜǎƛ-Lotz and 

Blignaut (2011a) in many industrial sub-sectors, the percentage of electricity costs to total 

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

ǘƻǘŀƭ Ŏƻǎǘǎ ƻŦ ōǳǎƛƴŜǎǎέ (Inglesi-Lotz 2012). 
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Figure 9: Electricity prices and estimated price elasticity for the industrial sector 1977-2007 

(Inglesi-Lotz 2012) 

 

The SA Energy Efficiency Strategy (2005) 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 12I Tax Allowance Incentive by national 

Treasury and Energy Savings Allowance Regulations by the Department of Energy apply 

here. 

ά{ƛƴŎŜ ǘƘŜ {ŜŎǘƛƻƴ мнL ¢ŀȄ !ƭƭƻǿŀƴŎŜ ǿŀǎ ŀƴƴƻǳƴŎŜŘ ƛƴ нлмл ǘƻ ŘŀǘŜΣ ǘƘŜ 

programme has supported 13 projects with an investment value of R21,7 billion. These 

projects are within the priority sectors identified 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 bio-fuel sector with a total 

investment of R21,7 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 

ŜƴǘŜǊǇǊƛǎŜ ǇǊƻŎǳǊŜƳŜƴǘΦέ (DTI 2012) 

The Tracking Clean Energy Progress 2013 Report (IEA 2013a) highlighted that the 

aŀƴǳŦŀŎǘǳǊƛƴƎ /ƻƳǇŜǘƛǘƛǾŜ 9ƴƘŀƴŎŜƳŜƴǘ tǊƻƎǊŀƳƳŜ ŜǎǘŀōƭƛǎƘŜŘ ōȅ {ƻǳǘƘ !ŦǊƛŎŀΩǎ 

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 efficiency 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. In both 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 countries (Schneider and Smith 2009) 

 

Figure 11: Input intensities over time relative to average input intensity between 1961 and 2003 

aggregated over all developed countries (Schneider and Smith 2009) 
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Schneider and Smith (2009) ŎƻƴŎƭǳŘŜŘ άǿƘƛƭŜ ǘƘŜ ǾŀǊƛŀǘƛƻƴ ƛƴ ŜƴŜǊƎȅ ƛƴǘŜƴǎƛǘƛŜǎ ƻǾŜǊ ǘƘŜ ƭŀǎǘ 

30 years has been relatively small, large differences exist between countries. A considerable 

portioƴ ƻŦ ǘƘŀǘ ǾŀǊƛŀǘƛƻƴ Ƴŀȅ ōŜ ŘǳŜ ǘƻ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ŀƎǊƛŎǳƭǘǳǊŀƭ ƳŀƴŀƎŜƳŜƴǘΦέ  

Woods et al (2010) examine the relationship between energy and food systems. A detailed 

analysis of food production shows difference agricultural management approaches 

depending on crops animal farmed. For example potato cropping in the UK is more energy 

ƛƴǘŜƴǎƛǾŜ ǘƘŀƴ ŎŜǊŜŀƭǎ ŀƴŘ ƭŜƎǳƳŜǎ ōŜŎŀǳǎŜ ǇƻǘŀǘƻŜǎ ǊŜǉǳƛǊŜ ŎƻƭŘ ǎǘƻǊŀƎŜΦ .ǊŀȊƛƭΩǎ ǎǳƎŀǊ 

ŎŀƴŜ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ǘƘŜ ¦YΩǎ ǿƘŜŀǘ ǇǊƻŘǳŎǘƛƻƴ ŀǊŜ ƛŘŜƴǘƛfied as very energy efficient 

because of the low water content. Meat production, on 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 transporting grains and meat) accounting for 18% of global 

greenhouse-gas emissions (McMichael, et al. 2007). Meat consumption ς and hence energy 

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

Figure 12: Trends in consumption of livestock products per person (milk, eggs, and dairy products, 

excluding butter) (McMichael, et al. 2007) 

 

In addition to energy efficiency, which reduces input costs, the agricultural sector 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 electricity to process 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 technological developments, changes in crop 

management, and renewable energy will all play important roles in increasing the energy 

efficiency and energy security of the agricultural sector.   

CƛƎǳǊŜ ф ōŜƭƻǿ ǎƘƻǿǎ Ƙƻǿ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ŜƴŜǊƎȅ ƛƴǘŜƴǎƛǘȅ ǇŜŀƪŜŘ ƛƴ ǘƘŜ ƳƛŘ Ψфлǎ 

ŀƴŘ ǘƘŜǊŜŀŦǘŜǊ ƻƴƭȅ ƳŀǊƎƛƴŀƭƭȅ ŘŜŎǊŜŀǎŜŘ ŦǊƻƳ мффл ƭŜǾŜƭǎΦ ¢ƘŜ ǎŜŎǘƻǊΩǎ ŜƴŜǊƎȅ ƛƴǘŜƴǎƛǘȅ ƛǎ 

considerably higher than the averages in Africa and the World. 

Figure 13: Energy Intensity of Agricultural Industry in South Africa 

 

Haw and Hughes (2007) 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 diesel at 59% of total final energy 

ŘŜƳŀƴŘ ƛƴ ǘƘŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎŜŎǘƻǊΦ ά¢ŜŎƘƴƻƭƻƎƛŜǎ ǳǎƛƴƎ ƭƛǉǳƛŘ Ŧƻǎǎƛƭ ŦǳŜƭǎ (tractors, harvesters 

and pumps using diesel or petrol) are able to use a bio-fossil fuel blend. Tractors and 

harvesters are also able to run on pure bio-ethanol or bio-diesel for a case in which farmers 

may be producing biofuel on site for use in their oǿƴ ǾŜƘƛŎƭŜǎΦέ (Haw and Hughes 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, land-use characteristics, vehicle technologies and fuel costs. The 

average travel time per day for passengers is estimated at 1.1 hours/day (Schafer and Victor 

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

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

depending on the speed of vehicle technology, affordability and land-ǳǎŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦ ά!ƭƭ 

world regions illustrate the same phenomenon of shifting from slow to faster modes 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 tastes. (Schafer and Victor 2000)έΦ 

The Fuel Economy and Transport sector have seen slight improvements in the average fuel 

economy of light duty vehicles (LDVs) or conventional passenger vehicles. Measured in litres 

of gasoline equivalent (lge) per 100 km, the fuel economy of passenger vehicles in OECD 

countries has improved by -2.7% between 2008 and 2011 and by -0.6% in Non-OECD 

countries. 

 

Figure 10: Fuel Economy Status Worldwide (IEA 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% in Non-OECD countries. 

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

άŎŀǊ ǇŀǊƪέΤ ǘƘŜ ƭƻƴƎŜǊ ƻƭŘŜǊ όƭŜǎǎ ŜŦŦƛŎƛŜƴǘύ ǾŜƘƛŎƭŜǎ ǊŜƳŀƛƴ ƛƴ ǳǎŜΣ ǘƘŜ ǎƭƻǿŜǊ ǘƘŜ ƴŀǘƛƻƴŀƭ 

fuel economy will improve.  

In the same way that passenger vehicle ownership has dramatically increased among 

industrialised countries, vehicle ownership is rapidly growing in developing countries that 

are entering the per capita income range of US$2000ς5000 (Wright and Fulton 2005). 

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

ǇŜƻǇƭŜΣ ǿƘƛŎƘ ƛǎ άŎƻmpared to a range of 500 to 800 for developed countries and an average 

ƻŦ ŀǊƻǳƴŘ пл ŦƻǊ !ŦǊƛŎŀ ό¢ƘŜ ²ƻǊƭŘ .ŀƴƪΣ нлммύΦέ (Merven, et al. 2012, 3) 
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In addition to income, other driving factors for increasing private vehicle ownership are: 

population growth, urbanization levels, importation regulations and the quality of 

alternative transport services. Private vehicle usage is also rapidly increasing while public 

transport usage is decreasing in developing countries as can be seen by the table below 

(Wright and Fulton 2005).  

Figure 14: Trends in mode share of public transport in selected cities (Wright and Fulton 2005) 

 

This trend of greater motorisation will cause increased energy consumption and emissions 

per capita. Using scenario analysis, Wright and Fulton (2005) ŜǎǘƛƳŀǘŜ ǘƘŀǘ άshifting mode 

share from high-emitting sources (private vehicles) to lower-emitting sources (public 

transport and nonmotorized options) produced emission reduction costs between US$14 

ŀƴŘ ¦{ϷссκǘƻƴƴŜ ƻŦ /hнΦέ 

The 15 year Review of Public Transport Development in South Africa commissioned by the 

National Planning Commission, highlights a number of state capacity issues responsible for 

the under-development of public transport such as poor capacity for implementation and 

coordination of responsibility, not to mention the often volatile stakeholders. Despite sound 

policy and principles for development, Ryneveld (2008) paints the bleak picture of current 

public transport infrastructure in the figure below. About 74% of households are 1-15min 

walking distance from a taxi service but have no access to a train service.  
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Figure 15: Household access to public transport (Ryneveld 2008) 

 

In recent years the South African government has initiated large scale infrastructure 

investments 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 being a 20-year procurement 

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 South Africa. 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 construction of their systems shortly (Treasury 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 efficiency, reducing costs and 

ŜƳƛǎǎƛƻƴǎΦ άLƴ 9ǳǊƻǇŜΣ ŦƻǊ ŜȄŀƳǇƭŜΣ Ǌŀƛƭ-road intermodal solutions reduce carbon dioxide 

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

to a road-only solution, with estimated annual environmentŀƭ ǎŀǾƛƴƎǎ ƻŦ ŀōƻǳǘ ϵмул Ƴƛƭƭƛƻƴέ 

(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) enabling the swift 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 cross-border 

flows, greater efficiencies can be achieved. However these energy efficiencies must also 

correspond with input cost reduction. Trends in freight transport are largely driven by cost, 

reliability and convenience. 
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Havenga et al (2011) compared the cost of transporting freight between Durban and Cape 

Town. Transporting the same amount of palletised freight by road cost 46.6 cents per tonkm 

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 energy for liquid 

fuels (RSA 2013) renders the sector vulnerable to external price shocks, supply constraints 

and insecurity. Vandeschuren, Lane and Wakefored (2010) cite numerous transport 

efficiency measures and the potential impact based on international literature. For example:  

¶ Lightweight materials can improve energy efficiency between 1,8 ς 30% across 

different modes of transport.  

¶ Biofuels can improve energy efficiency by 8% and hybrid vehicles can improve 

energy efficiency of passenger transport by 3-106%, freight transport by 55 - 140%, 

and bus transport by 75%. 

¶ Idle reduction can improve energy efficiency between 10 - 27% across different 

modes of transport. 

¶ Fleet tracking systems can improve energy efficiency between 15 - 25% by measures 

such as route optimisation and the reduction of empty trips. 

 

Figure 16: Road Freight Transport efficiency measure and potential energy reduction 

 (Vanderschuren, Lane and Wakeford 2010) 
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Figure 17: Road Passenger Transport efficiency measures and potential energy reduction 

 (Vanderschuren, Lane and Wakeford 2010) 

 

 

Figure 18: Rail Transport efficiency measures and potential energy savings 

(Vanderschuren, Lane and Wakeford 2010) 
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Figure 19: Air Transport efficiency measure and potential energy reductions 

(Vanderschuren, Lane and Wakeford 2010) 

 

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 combination of public and private measures within local developmental 

constraints is required to achieve the potential energy savings.  

The SA Energy Efficiency Strategy (2005) set a target for final energy demand reduction of 

9% by 2015 in the transport sector relying heavily on behaviour change and fuel efficiency 

ǎǘŀƴŘŀǊŘǎΦ ά¢ƘŜ ƛƳǇŀŎǘ ƻŦ ƳŜŀǎǳǊŜǎ ǎǳŎƘ ŀǎ ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘ ǎȅǎǘŜƳǎΣ ƳƻǾƛƴƎ ǊƻŀŘ ǘƻ Ǌŀƛƭ 

and spatial planning are also difficult to assess at this stage and remain interventions with 

impacts in the long-ǘŜǊƳέ (DME 2005).  

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 

¢ǊŀƴǎƴŜǘ άƛƴŎǊŜŀǎŜŘ ŎŀǇŀŎƛǘȅ ƻƴ ōǳƭƪ ŜȄǇƻǊǘ Ǌŀƛƭ ƭƛƴŜǎ ŦƻǊ ŀƴ ŀŘŘƛǘƛƻƴŀƭ нп Ƴillion tons and 

ōƻǳƎƘǘ ммл ƴŜǿ ƭƻŎƻƳƻǘƛǾŜǎ ŦƻǊ ǘƘŜǎŜ ƭƛƴŜǎέ (Treasury 2013).  In addition during the 

нлммκнлмн ǇŜǊƛƻŘ ¢ǊŀƴǎƴŜǘ ƛƴǾŜǎǘŜŘ άwмпΦр ōƛƭƭƛƻƴ ǘƻ ǳǇƎǊŀŘŜ ŀƴŘ Ƴŀƛƴǘŀƛƴ ƎŜƴŜǊŀƭ ŦǊŜƛƎƘǘ 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ǊƻƭƭƛƴƎ ǎǘƻŎƪΦέ (Treasury 2013) 
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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 inputs. Coal 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 the generation process. The energy efficiency 

values for all types of electricity generation are shown in the table below.  

Figure 20: Characteristics of New Generation Plants (Winkler (ed), et al. 2006, 134) 

 

Supercritical coal fired generation are said to achieve efficiencies of 43% or even as much as 

50% but this technology is very costly (Sims, 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. However, dual axis tracking systems typical in 


