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ABSTRACT 

 

The transport sector is responsible for a quarter of global CO2 

emissions and the emissions continue to grow rapidly. The overall 

objective of this study was to calculate t h e  f o l l o w i n g  greenhouse 

gas emissions ( G H G ) ;  CO2 ,  CH4  and N 2O from the transport 

sector in South Africa in the base year 2009. However, in addition to 

the calculations of the emissions for this base year, emissions from 

road transport were recalculated since 2000. The available data allowed 

only Tier 1 method to calculate all the GHG emissions. Vehicles per 

type, province and distances they travelled were used to estimate the 

emissions, while fuel used at various airports in the country was used to 

determine aviation emissions. Emissions from other modes of the 

transport sector were calculated using the d a t a  f r o m  t h e  national 

energy balances. It was estimated that 54,296 Giga grams (Gg) of 

CO2 equivalent ( C O 2 - e q )  emissions were emitted in 2009. Road, 

off- road, aviation and rail transports accounted for 80%, 13%, 6% and 

1% of the emissions, respectively. Motorcars and trucks produced more 

than 70% of the road transport emissions. Road transport emissions 

increased at approximately 2.66% per year between 2000 and 2009. 

Gauteng province had the highest emissions. Minibus taxis were the 

most efficient transport mode on the basis of load carried. 
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PREFACE 

 

Anthropogenic greenhouse gases (GHG) have increased at an alarming 

rate since industrial revolution centuries ago. GHGs absorb and emit 

long wave radiation (Ramanathan and Feng, 2009). This makes 

anthropogenic GHGs together with volcanic eruptions major sources 

of radiative forcing (Murphy et al., 2009). Present anthropogenic 

radiative forcing causes planetary energy imbalance (Hansen et al., 

2005) which is primarily a catalyst to climate change. As a matter of 

fact, anthropogenic GHGs emissions top global environmental agendas. 

 

Major producers of GHGs in South Africa and globally are the 

industrial processes and transport sector. These sources are predominant 

energy consumers whose major emission is CO2. Several studies on 

GHG emissions in South Africa have been undertaken in the past. 

Major limitations of these studies were that the calculations were based 

on nationally aggregated energy balances. Emissions by province and 

vehicle type as well as associated indicators have not been developed 

before. 

 

The aim of this study is to calculate GHG emissions for the 

transport sector in South Africa.  The  focus  is  on  the  year  2009,  

however,  recalculations  of  the emissions  since 2000 will be done 

where data allow. Mobility of vehicles has been used as a primary 

parameter to determine the emissions. Several emissions‘ indicators 

have been used to determine and compare the efficiency of the 

modes of transport in the country. 
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This study is divided into six chapters. Chapter 1 presents the 

background of the GHGs and their association to global warming, 

climate change and the international engagements on the topic. 

Chapter 2 discusses a literature review of the GHGs in relation to 

transport activities, the associated indicators and the factors that 

influence emissions. Chapter 3 details the methodology and datasets 

employed in the study. The results are divided into two parts; the 

GHG emissions are discussed in Chapter 4 and the indicators in 

Chapter 5. Lastly, Chapter 6 presents the summary and conclusions 

of this research study. 

 

Sections of this dissertation have been presented at the South African 

Society for Atmospheric Sciences conference in September 2011, and 

the National Association for Clean Air in October 2011. 

 

I thank Prof. S.J. Piketh for his valuable supervision and guidance 

throughout this research. I am also grateful to Luanne Otter (PhD) 

for proof-reading this work. Assistance from the Department of 

Transport staff (Mr. N. Masondo, Mr. O. Khutswane, Ms. B. Jako, Mr. 

S. Mugeri, and Ms. H. Ngobeni) is highly appreciated. 
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CHAPTER 1: BACKGROUND  

 

This chapter presents the importance of studying GHGs  

and their relationship with climate change. It introduces a 

role that the transport sector should play in the GHG 

mitigation activities. It also outlines GHG source 

descriptions and characteristics of the transport sector in 

South Africa. Objectives of the study are also presented. 

 

1.1.0 Introduction 

 

It is observed that global mean temperatures are increasing with time. 

Natural factors alone fail to produce the warming observed in recent 

decades (Stott et al., 2006a, 2006b; Ding et al., 2007) suggesting that 

there are anthropogenic contributions involved. Radiative forcing 

provides means of comparing the influence of different perturbation 

mechanisms on climate since it affects both the long and short wave 

radiations (Collins et al., 2006; Betts et al., 2007; Forster et al., 

2007).  Consequently, global mean temperatures follow the global mean 

radiative forcing fairly closely (Shindell and Faluvegi, 2009). 

 

Radiative forcing alone cannot be used to assess the potential climate 

change associated with emissions, as it does not take into account the 

different atmospheric lifetimes of the forcing agents (Scheutz et al., 

2007). Each of the GHG has a unique average atmospheric lifetime 

over which it is an effective climate-forcing agent (Sharma et al., 

2006). Global warming potential of the GHGs is an index which 

expresses the ratio between the increase in infrared absorption due to 

the instantaneous emission of 1 kilogram of a given substance and 

that due to an equal emission of CO2, both integrated over time 
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(Scheutz et al., 2007; Vidal et al., 2007).  The InterGovernmental Panel 

on Climate Change (IPCC) has changed this index twice in less 

than two decades owing to improved scientific knowledge of GHGs 

and due to their continuous increase in concentration in the atmosphere 

(Scheutz et al., 2007). 

  

Concentrations of GHGs show a rapid increase from 278 parts per 

million (ppm) for CO2, 722 parts per billion (ppb) for CH4 and 273 

ppb for N2O in 1765 to 379 ppm, 1,774 ppb, 319 ppb respectively in 

2005 (Figure 1.1) (Forster et al., 2007; Scheutz  et  al.,  2007;  

Meinshausen  et  al.,  2011).  These make a total CO2 equivalent 

(CO2-eq) concentration of all long-lived GHGs to be about 455 ppm 

(Rogner et al., 2007). 

 

 

 

Figure 1.1: Historical global GHG concentrations from 1765 to 2005 

(Forster et al., 2007; Scheutz et al., 2007; Meinshausen et 

al., 2011) 
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Increase of CO2 concentration in the atmosphere has caused the 

largest increase in r a d i a t i v e  forcing since the industrial revolution 

(Forster et al., 2007). They account for around 75-80% of the 

anthropogenic global warming effect (van Vuuren et al., 2006; 

Quardrelli and Peterson, 2007; Stern, 2008). Today‘s atmospheric CO2 

level is higher than at any  time  in  at  least  the  past  420,000  years  

(King,  2004).  Emission scenarios suggest that CO2 concentrations 

will have exceeded 450 ppm by 2050 (Gregory et al., 2004). 

 

Increase of anthropogenic GHG concentrations in the atmosphere is 

not good for the climate. There is growing expectation that their 

increase to or above 550 ppm of CO2-eq will lead to substantial 

changes in climate in the twenty first century (Johns et al., 2003; van 

Vliet et al., 2009;  van Vuuren  et al., 2010). Climate change due to 

anthropogenic GHGs already in the atmosphere and future emissions 

are expected to be irreversible (Solomon et al., 2009). 

 

GHG emissions need to be stabilized at levels below 490 ppm CO2-

eq emissions before 2015 and to be further reduced to less than 50-

80% of today‘s emissions by 2050 (Fisher et al., 2007). This would 

assist to achieve a 2ºC above pre-industrial limit on global warming 

(Rogner et al., 2007). Transport sector is among the key sectors that 

should mitigate their emissions in order to achieve the above 

requirements. 

 

1.1.1. Climate change and policy development 

 

Climate change discussions can be traced to have started in the 

nineteenth century (Thagard and Findlay, 2011). However, it was only 
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in 1988 when the World Meteorological Organization and the United 

Nations formed a joint organization: the IPCC (Oosthoek, 2008). Few 

years later, the United Nations Framework Convention on Climate 

Change (UNFCCC) was formed in 1992. The objective of the 

convention is to stabilize GHG concentrations in the atmosphere at a 

level that would prevent dangerous anthropogenic interference with the 

climate system (United Nations, 1992). The choice of a stabilization 

level implies the balancing of the risks of climate change against the 

risk of response measures that may threaten economic sustainability 

(Rogner et al., 2007). However, to date there is no global agreement 

on a metric for delineating dangerous from acceptable climate change 

(Anderson and Bows, 2008). 

 

A total of 195 countries including South Africa have ratified the 

UNFCCC. The Kyoto Protocol which makes the convention 

operational was adopted in 1997 but only came into force in 2005. 

Transport was one of the key sectors highlighted to be tackled by the 

protocol (Chapman, 2007). The protocol guides mitigation activities of 

the developed countries and it is to expire at the end of 2013 unless it 

is re-commissioned.  However, mitigation of GHG is not only limited to 

developed countries alone. Article 4.1 of the UNFCCC requires that 

the countries signatory to the convention develop, periodically update 

and publish GHG by sources in their respective jurisdiction and to 

take appropriate mitigation actions. These mitigation actions can only 

be well informed when the developments of GHG are robust and 

incorporate all contributing factors. 
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1.1.2. InterGovernmental Panel on Climate Change 

 

IPCC is a scientific body which uses emissions and climate scenarios 

as a central component of its work of assessing climate change 

research (Moss et al., 2010). Its work is aiding to the understanding of 

climate science and the way that humans are changing the atmosphere 

(Oosthoek, 2008). The main IPCC work is divided into three 

working groups that deal with the physical science basis of climate 

change; the impacts, vulnerability and adaptation activities to climate 

change, and mitigation of climate change. 

 

Mitigation  of  climate  change  is  complex  and  therefore  needs  a  

systematic approach. The IPCC divides the mitigation work into 

seven themes; energy supply, transport, buildings, industry, agriculture, 

forestry and waste management (Barker et al., 2007; Sims et al., 2007). 

Energy is in the center of mitigation because historically, fossil fuels 

have been the main source of energy supply and have always served 

the human energy needs (Asif and Muneer 2007). 

 

1.1.3. IPCC inventory guidelines 

 

IPCC formulated homogeneous guidelines (IPCC, 1997, 2000, 2003, 

2006) to harmonize scientific work on climate change. The underlying 

basis in the guidelines remained unchanged with time; however, the 

2006 guidelines include new sources and gases as well as updates to the 

previously published methods whenever scientific and technical 

knowledge have improved (IPCC, 2006). 

 

The 2006 IPCC guidelines disaggregate transport activities into 

different subsectors. The source description (Table 1.1) shows the 
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diversity of mobile sources and the range of characteristics that affect 

emission factors (IPCC, 2006). 

 

Table 1.1: Detailed sector split for the transport sector (IPCC, 2006) 

 

Code and Name Explanation 

1 A 3 TRANSPORT Emissions from the combustion and 

evaporation of fuel for all transport 

activity (excluding military transport), 

regardless of the sector, specified by sub-

categories below. 

Emissions   from  fuel  sold  to  any  air  

or marine vessel engaged in international 

transport (1 A 3 a i and 1 A 3 d i) 

should as far as possible  be excluded  

from the totals and subtotals in this 

category and should be reported 

separately. 

1 A 3 a Civil Aviation Emissions from international and 

domestic civil aviation, including takeoffs 

and landings. Comprises civil 

commercial use of airplanes, including: 

scheduled and charter traffic for 

passengers and freight, air taxiing, and 

general aviation. 

The international/domestic split should be 

determined on the basis of departure and 

landing locations for each flight stage and 

not by the nationality of the airline. 

Exclude use of fuel at airports for ground 

transport which is reported under 1 A 3 e 

Other Transportation. Also exclude fuel 

for stationary combustion at airports; 

report this information under the 

appropriate stationary combustion 

category. 
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1 A 3 a i International Aviation 

(International 

Bunkers) 

Emissions from flights that depart in one 

country and arrive in a different country. 

Include take-offs and landings for these flight 

stages. Emissions from international military 

aviation can be included as a separate 

subcategory of international aviation provided 

that the same definitional distinction is 

applied and data are available to support the 

definition. 

1 A 3 a ii Domestic Aviation Emissions from civil domestic   passenger and 

freight traffic that departs and arrives in the 

same country (commercial, private, 

agriculture, etc.), including take-offs and 

landings for these flight stages.  Note that this 

may include journeys of considerable length 

between two airports in a country (e.g. San 

Francisco to Honolulu). Exclude military,  

which should be reported under 1 

A 5 b. 

1 A 3 b Road Transportation All combustion and evaporative emissions 

arising from fuel use in road vehicles, 

including the use of agricultural vehicles on 

paved roads. 

1 A 3 b i Cars Emissions from automobiles so designated in 

the vehicle registering country primarily for 

transport of persons and normally having a 

capacity of 12 persons or fewer. 

1 A 3 b i 1 Passenger cars 

with  3-way 

catalysts 

Emissions from passenger car vehicles with 
 

3-way catalysts. 

1 A 3 b i 2 Passenger cars 

without 3-way 

catalysts 

Emissions    from   passenger    car   vehicles 

without 3-way catalysts. 
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1 A 3 b ii Light duty trucks Emissions  from  vehicles  so  designated  in 

the vehicle registering country primarily for 

transportation of  light-weight cargo  or which  

are  equipped  with  special  features such as 

four-wheel drive for off-road operation.  The 

gross vehicle weight normally ranges up to 

3500-3900 kg or less. 

1 A 3 b ii 1 Light duty trucks 

with 3-way 

catalysts 

Emissions from light duty trucks with 3-way 

catalysts. 

1 A 3 b ii 2 Light duty trucks 

without 3-way 

catalysts 

Emissions from light duty trucks without 3- 

way catalysts. 

1 A 3 b iii Heavy  duty  trucks 

and buses 

Emissions from any vehicles so designated 

in the vehicle registering country. Normally 

the gross vehicle weight ranges from 3500- 

3900 kg or more for heavy duty trucks and 

the buses are rated to carry more than 12 

persons. 

1 A 3 b iv Motorcycles Emissions from any motor vehicle designed 

to travel with not more than three wheels in 

contact with the ground and weighing less 

than 680 kg. 

1 A 3 b v Evaporative 

emissions from 

vehicles 

Evaporative emissions from vehicles (e.g. hot 

soak, running losses) are included here. 

Emissions from loading fuel into vehicles are 

excluded. 

1 A 3 b vi Urea-based catalysts CO2 emissions from use of urea-based 

additives in catalytic converters (non- 

combustive emissions). 

1 A 3 c Railways Emissions from railway transport for both 

freight and passenger traffic routes. 
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1 A 3 d Water-borne Navigation Emissions from fuels used to propel water- 

borne vessels, including hovercraft and 

hydrofoils, but excluding fishing vessels. The 

international/domestic split should be 

determined on the basis of port of departure 

and port of arrival, and not by the flag or 

nationality of the ship. 

1 A 3 d i International 

waterborne 

navigation 

(International 

bunkers) 

Emissions from fuels used by vessels of all 

flags that are engaged in international water- 

borne navigation. The international navigation 

may take place at sea, on inland lakes and 

waterways and in coastal waters. Includes 

emissions from journeys that depart in one 

country and arrive in a different country. 

Exclude consumption by fishing vessels (see 

Other Sector - Fishing). Emissions from 

international military water-borne navigation 

can be included as a separate sub-category 

of international water-borne navigation 

provided that the same definitional distinction 

is applied and data are available to support 

the definition. 

1 A 3 d ii Domestic water-

borne Navigation 

Emissions from fuels used by vessels of all 

flags  that  depart  and  arrive  in  the  same 

country (exclude fishing, which should be 

reported  under  1  A  4  c  iii,  and  military, 

which  should  be reported  under  1 A 5 b). 

Note that this may include journeys of 

considerable length between two ports in a 

country (e.g. San Francisco to Honolulu). 
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1 A 3 e Other Transportation Combustion emissions from all remaining 

transport activities including pipeline 

transportation,  ground  activities  in  airports 

and harbours, and off-road activities not 

otherwise reported  under  1 A 4 c Agriculture 

or 1 A 2. Manufacturing Industries and 

Construction. Military transport should be 

reported under 1 A 5 (see 1 A 5 Non-

specified). 

1 A 3 e i Pipeline Transport Combustion related emissions from the 

operation of pump stations and maintenance 

of pipelines.  Transport via pipelines includes 

transport of gases, liquids, slurry and other 

commodities via pipelines. Distribution of 

natural or manufactured  gas, water or steam 

from the distributor to final users is excluded 

and should be reported in 1 A 1 c ii or 1 A 4 

a. 

1 A 3 e ii Off-road Combustion emissions from Other 

Transportation excluding Pipeline Transport. 

1 A 4 c iii Fishing 
 

(mobile combustion) 

Emissions from fuels combusted for inland, 

coastal and deep-sea fishing. Fishing should 

cover vessels of all flags that have refuelled 

in the country (include international fishing). 

1 A 5 a  Non  specified 

stationary 

Emissions from fuel combustion   in stationary 

sources that are not specified elsewhere. 

1 A 5 b  Non specified mobile Mobile Emissions from vehicles and other 

machinery, marine and aviation (not included   

in 1 A 4 c ii or elsewhere). Includes emissions 

from fuel delivered for aviation and water-

borne navigation to the country's military as 

well as fuel delivered within that country but 

used by the militaries of other countries that 

are not engaged in. 



11 
 

   Multilateral 

Operations (Memo 

item) 

Multilateral operations.  Emissions from fuels 

used for aviation and waterborne navigation 

in multilateral operations pursuant to the   

Charter of the United Nations. Include 

emissions from fuel delivered to the military 

in the country and delivered to the military of 

other countries. 

 

1.2.0. Transport sector 

 

Growth of the  transport sector is rapid and calls for urgent 

mitigation attention. T r a n s p o r t  a c c o u n t e d  close to 60% of 

emissions from oil combustion in 2004 (Quadrelli and Peterson, 

2007). While global oil emissions from most sectors remained nearly 

steady in absolute terms since 1971, those of transport more than 

doubled (Quadrelli and Peterson, 2007; Yan and Crookes, 2009). The 

growth is due to the absence of policy actions in many parts of the 

world (Rogner et al., 2007). 

 

1.2.1. Transport sector in South Africa 

 

Transportation is a huge and diverse sector in South Africa. Both land, 

sea and air transport modes are used in the country. Waterborne and 

aviation transports have both domestic and international components. 

 

1.2.1.1. Road transport 

 

There were over 8 million vehicles registered in South Africa in 2009 

(RTMC, 2010). Population of motorcars w as  t h e  l a r g e s t  o f  a l l  

m o t o r  v eh i c l e s ‘  t yp es .  T h e y made over 65% of the vehicles in 

1998 (DEAT, 2003). Globally, the automobile market indicates a 
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steady average annual growth above 3.5% (UNIDO, 2010). In South 

Africa, motor vehicle numbers increased on average by 4.1% per 

annum over the period 1970 to 1980 (DEAT, 2003). Similarly, during 

the period 2000 to 2009, a n n u a l  g r o w t h  o f  number of 

r e g i s t e r e d  vehicles in t h e  c o u n t r y  was approximately 

3.96%. The number increased by 2.6% between 2007/08 and 

2008/09 (National Treasury, 2009). 

 

Minibuses are important in public transportation in the country. 

Following their deregulation in the late 1980s, minibuses grew 

substantially to the extent that their market share surpassed that of 

buses (DEAT, 2003; Trans-Africa Consortium, 2010). However, the 

Government‘s minibus recapitalization programme which was 

implemented in 2006/07 (DEAT, 2003; National Treasury, 2009) 

could reverse the situation.  As  at  the  end  of  the  2009/10,  a  total  

of  38,760  vehicles  were scrapped  and  it  was  planned  that  8669  

vehicles  would  be  destroyed  in  the following year (Ndebele, 

Personal communication). 

 

1.2.1.2. Aviation 

 

Aviation is one of the prominent modes of travel in South Africa. In 

2008, South Africa registered 4,468 aeroplanes, 1,006 helicopters and 

5,474 sports and recreational aircrafts (DOT, 2009a). Of more than 50 

airlines operating in the country, six provide domestic flights (DOT, 

2009b).  

 

There was a significant reconfiguration of air links between South 

Africa and other countries in the period 1994–2003 (Pirie, 2006). OR 

Tambo International Airport serves as a link between southern Africa 
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and the rest of the world.  

 

Air passenger movements have been increasing over the last decade 

at all major airports in South Africa (Adam and Vanderschuren, 2009). 

Passenger traffic grew by more 9% annually between 2004 and 2007 in 

the airports controlled by Airports Company South Africa (ACSA) 

(DOT, 2008a). Domestic air travel in South Africa grew by about 

14% per year over the three years prior to 2007 and by 70% over the 

period 2003 to 2007 (Campbell and Vigar-Ellis, 2012).  

 

Passenger trips at OR Tambo International Airport have increased by 

10% per year recently (Vanderschuren, 2010). T h e  a i r po r t  

accounted for more than 37% of all aircraft departures at the national 

airports in 2009 (ACSA, 2011). Average daily flight capacity of 76,337 

people and an actual daily trip generation of 54,861 people occur at 

the airport (Vanderschuren, 2010). Other major airports in the country 

are Cape Town International Airport and King Shaka International 

Aiport 

 

1.2.1.3. Railways 

 

Rail transport has potential to ferry bulk loads for long distances. 

However, in many markets and cities of the world including in 

South Africa, rail transport‘s role has been declining (SARCC, 2006; 

CSIR, 2008). South African rail freight transport‘s  current  core  

competence  is  the  transport  of  high  volume  export minerals 

(CSIR, 2008; Van Eeden and Havenga, 2010). 

 

The deregulation of freight transport led to an increase in the number of 

freight vehicles, e s p e c i a l l y  long distance trucks (DEAT, 2003).   
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Moreover, decreased funding from the government for rail transport and 

increasing inaccessibility of the system contributed to the decline in rail 

services in the country (SARCC, 2006). Development of rail 

infrastructure has been stagnant and now lags the growth of 

settlement areas. Moreover, the current old fleet of trains makes 

traveling by rail to be unattractive. 

 

1.2.1.4. Waterborne 

 

South  Africa  serves  as  a  southern  African  regional  hub  for  

seaborne  trade. About 96% of the country's exports are transported 

by sea (Letete et al., 2010). There are 18 ports along the coastline of 

the country (DOT, 2009b). These include eight multi-purpose 

commercial ports, fishing harbours and other government and private 

port facilities. Despi te al l  these ,  South  Africa  is  not  a  

significant  ship  owning  nation  (Chasomeris, 2006). 

 

Operations in the South Africa‘s ports include compulsory pilotage 

services which may include guidance of a ship using a helicopter. 

Pilotage broadly refers to the finding of one‘s way both into and out 

of a  port, often within relatively shallow waters (Chapman and 

Chapman, 2005). These services are anticipated to use large volumes 

of aviation fuel and diesel for boats. Durban has the busiest port in 

Africa (eThekwini, 2006), t h e r e f o r e  i t  c a n  b e  a n t i c i p a t e d  

t h a t  t h e  p o r t  h a s  p i l o t a g e  a c t i v i t i e s  l a r g e r  t h a n  

o t h e r  p o r t s  i n  t h e  c o u n t r y  c a n  b e  e x p e c t e d .  
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1.2.1.5. Off-road transport 

 

Off-road transportation activities are broad. For this category to be 

investigated, detailed data are required. This category incorporates all 

forms of mobile vehicles that may not be licensed to travel on major 

public roads. These vehicles are usually used in various activities other 

than transportation of people and goods. Limited data about these 

vehicles are available and that makes it difficult to determine the off-

road emission‘s profile. 

 

Off-road  category vehicles usually  uses  the  same  petroleum  

products  used  by  road transport. This brings about a challenge 

where fuel points are shared between road, off-road and in some cases 

stationary combustion systems. This  i s  cr i t i ca l  as  e nergy statistics 

in South Africa do not explicitly separate fuel consumption between 

road and off-road transports. They do not show energy used by 

transportation activities other than road transport. It is therefore highly 

likely that this energy is included in the road transport amounts. 

  

1.2.1.6. Pipeline transport 

 

Pipeline transport is another mode of transportation used in South 

Africa. Pipelines have established their place in the transportation 

system as the most efficient and cost effective means of transporting 

large quantities of liquids and gases over long distances (DOT, 2008b). 

Pipeline infrastructure is owned by the state pipeline company Petronet 

(part of the larger state-owned transport conglomerate Transnet), and 

the rest of the industry is vertically integrated (Winler and Marquard, 

2007). 
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The existing pipeline systems in South Africa link Gauteng, Durban, 

Secunda and Mozambique (Mwanasonda and Winkler, 2005; DOT, 

2008b). The Transnet network in the country spans more than at 

least 3,000 km (van den Berg and Mbara, 2011). Sasol Gas operates 

and maintains a gas supply network through 2,265 kilometres in 

Mpumalanga and Gauteng including the 865 kms crossborder pipeline 

linking the gas fields of Temane central processing facility in 

Mozambique to the Sasol Gas network at Secunda in South Africa 

(DOT, 2008b). 

 

Transnet currently transports approximately 17 billion litres of 

petroleum products and 14 million gigajoules of gas annually, which is 

50% of South African consumption (DOT, 2008b). The pipeline 

between Durban and Gauteng is already operating at its full capacity, 

and does not meet fuel demand any longer (DOT, 2008a). 

 

Pipelines transportation involves energy intensive pumping process.  

National energy  balances  show  electricity  is  the  only  energy  used  

to  do  the  pumping. Hence there are not direct GHG emissions from 

this mode of transport. 

 

1.3.0. Rationale 

 

GHGs have become a key policy consideration at all spheres of 

governance. All countries in the world are required to develop and 

implement appropriate measures to mitigate GHG emissions. 

Emissions from t h e  transport sector are the fastest growing of all 

sectors (Wang et al., 2007). Large numbers of researchers have used 

aggregated fuel sales to quantify GHG emissions from this sector. 

However, disaggregated bottom-up emission inventories are crucial to 
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identify and implement robust mitigation plans. Disaggregated 

emissions are transparent and can be refined with more detailed data 

without affecting the methodology (Hoogwijk et al., 2010). 

 

1.4.0. Aims and objectives 

 

The aim of the study is to quantify GHG emissions from the transport 

sector in each province of South Africa. In this study, GHG 

emissions from the transport sector will be based on data obtained for 

the base year 2009. Moreover, emissions for years starting in 2000 

will also be recalculated. This work is anticipated to provide 

disaggregated information necessary to guide mitigation plans at the 

provincial and national levels. 

 

The objectives are; 

a)  To quantify GHG emissions of each transport sub-sector in 

South Africa for 2009. 

b)  To determine provincial and total GHG emissions from 

the transport sector in South Africa for 2009. 

c)  To determine how much South Africa‘s transport sector 

contributes to total global transport sector GHG 

emissions 

d)  To determine efficiency of each mode of transport in the 

country 

 

************************************************  

The chapter showed the relationship between climate change 

and GHGs.   It further discussed international platforms 

coordinating activities associated with climate change and 

the GHG emissions. Different sources of GHGs and 
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transport sector source descriptions were presented. Aims 

and objectives of this study were also given. 



19 
 

CHAPTER 2: LITERATURE REVIEW 

 

This chapter will review GHG emitted by the transport 

sector in the world and in South Africa. Source 

apportionment of each mode of transport will be 

discussed. Factors that affect transport emissions will be 

presented. 

 

2.0.  Demography and macroeconomics in South Africa 

 

Transportation energy consumption and related GHG emissions depend 

on the geographical population density (Kennedy et al., 2009). 

Different subgroups in the population, described by various socio-

economic, demographic and other personal characteristics, have 

different levels of emissions from motorised transportation (Brand and 

Boardman, 2008; Liddle, 2011). 

 

South Africa is a country with approximately 50 million people. 

Gauteng is the largest populated province, followed by KwaZulu 

Natal and the Eastern Cape. Between 2000 and 2009, Statistics South 

Africa publications indicate that Gauteng and the Northern Cape 

experienced highest g r o w t h s  o f  h u m a n  population. The 

growths in each of these provinces exceeded 30%. Limpopo, the North 

West and the Eastern Cape had a slight decrease in population. 

 

South Africa is one of the most industrialized countries in Africa 

(Akiboade et al., 2008). However, industrial activities are 

concentrated to few parts of the country. Gauteng province is the 

leading economic region of not only South Africa but also of Africa 

as it generates 10% and 33.8% of the continent's and South Africa‘s 
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gross domestic product (GDP), respectively (Pejout, 2004; Joubert and 

Axhausen, 2011). Other provinces which have  good  GDP  per capita  

ratings  are  the Western  Cape  and  KwaZulu  Natal (Bosker and 

Krugell,  2008). These two provinces have ports that link trade in 

South Africa with the rest of the world (Joubert and Axhausen, 2011). 

 

South Africa experienced an economic recession in 2008/2009. No 

sector of the economy had a growth above 1% in 2009 except f o r  

construction which grew by 7.8% (SARB, 2012). 

 

2.1.  Economic conditions and transport emissions 

 

Transport GHG emission mitigation strategies can be grouped into 

three areas – vehicles, fuels, and travel demand (Lutsey and Sperling, 

2009; McCollum and Yang, 2009). Transport demand is closely 

linked to economic growth (Zachariadis, 2007; Zhang et al., 2009). 

Similarly, economic activities a re  the primary determinants of energy 

demand and thereby influence energy prices; yet energy prices, in turn, 

influence energy demand and economic performance (IEA, 2006). 

C o n s eq u en t l y,  d ependence of economy on transport makes it a 

major source of global GHG emissions (Zegras, 2007).  

 

Demand for transport fuels has continued to grow in an almost linear 

fashion with GDP since the 1970s (IEA, 2006). Retail fuel prices in 

South Africa (StatsSA, 2010a; SAPIA, 2010) have increased nearly 

linearly with time (Figure 2.1).   
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Figure 2.1: Retail fuel price and GDP growth trends in 

South Africa (SAPIA, 2010; StatsSA, 2010a) 

 

N egative relationship between oil volatility and GDP is widely 

accepted in the literature (Awerbuch and Sauter, 2006). T h i s  

r e l a t i o n s h i p  i s  im po r t an t  i n  South Africa as the country uses 

imported crude oil to provide for over 60% of its liquid fuel demand 

(DOE, 2010). As a result, the area of the economy most directly 

susceptible to oil shocks in South Africa is the transport sector as it 

is highly reliant on imported fuels (Wakeford, 2006). 

 

High fuel prices normally reduce vehicle mobility through behavioral 

changes (McKinsey Global Institute, 2009). In such conditions, people 

prefer not to travel or they use mass transport rather than private 

vehicles. As a result of reduced mobility, global oil demand fell back 

by 3% over the first semester of 2008 and by 1.5% over the second 

semester (European Union, 2010). 

  

2.2. Transport sector energy economics 

 

Transport p r i m a r i l y  depends on a single fuel source. Petroleum 

products supply about 95% of the total energy used by world 
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transport (Ribeiro et al., 2007). Globally, road transport accounts for 

80% of total energy use by the transport sector (Bond et al., 2007; 

Chapman, 2007). In South Africa and around the world, transport 

accounts for more than 20% of the final energy consumption (Haw 

and Hughes, 2007; Ziramba, 2009; DOE, 2010; IEA, 2011). Road 

transport is responsible for about 20% of the South Africa‘s final 

energy demand (Haw and Hughes, 2007). 

 

Compared to other middle-income developing countries, South 

Africa‘s economy is heavily energy intensive (Winkler, 2007; 

Akiboade et al., 2008). High energy intensities indicate a high price 

or cost of converting energy into gross domestic product (DOE, 

2010). 

 

The dominant fuel used by transport sector in South Africa is petrol 

with 53.3%, followed  by  diesel  with  34%  and  then  jet  fuel  with  

10.9%  and  the  lowest  is electricity with 1.8% (DOE, 2010). Diesel 

use in road transport has been increasing over the past few years (Haw 

and Hughes, 2007; Rayner, personal communication). In  South 

Africa,  long-term forecasting and trend modeling estimated that the 

average annual growth of fuel consumption would be 2.1% for 

petrol and 2.4% for diesel (DEAT, 2003). 

 

2.3. Past transport sector GHG emissions in South Africa 

 

Energy consumption by transport directly translates into GHG 

emissions. Transport accounts for 14.3% of world total GHG 

emissions and about 25% of world GHG emissions from fossil fuels 

(Wright, 2004; Ribeiro et al., 2007; Zegras, 2007; Hensher, 2008).  
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GHG inventories for the transport sector have been developed in 

South Africa before.  The studies of Scholes and van der Merwe 

(1996), DEAT (2003), DEA (2009b) and Cruz et al., (2011) used 

energy balance data and their results are nationally aggregated (Figure 

2.2). They do not show modal, provincial and trend analysis.  

 

 

 

Figure 2.2: Transport sector CO2 equivalent emissions in South 

Africa (Scholes and van der Merwe, 1996; DEAT, 2003; 

DEA, 2009b; Cruz et al., 2011) 

 

In 1994, the transport sector accounted for about one tenth of South 

Africa‘s GHG emissions (DEAT, 2003). However,  in 2000, transport 

emissions contributed 9% of the total emissions (DEA, 2009b; 2011). The 

decrease in emissions between 1994 and 2000 was related more to 

improper allocation of fuel consumption in this sector rather than to an 

actual decrease in the emission (DEA, 2011).  

 

GHG emissions from the transport sector were expected to increase with 

time in South Africa. Nearly a decade ago, transport CO2-eq emissions were 

projected to be around 45,000 Gg in 2010 (DEAT, 2003). This is consistent 

with the global anticipation where the contribution is forecasted to grow to 
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between 45% and 58% of energy related emissions by 2030 (IEA, 

2009; Quadrelli and Peterson, 2007). 

 

Some previous studies combined GHG emissions from domestic and 

international bunkers. For example, the emissions in 1988 included 

international bunkers as it was not possible to separate the fuel between 

the domestic and international consumptions (Scholes and van der 

Merwe, 1996). International bunkers emitted approximately 18% and 

19% of total transport emissions in South Africa in 1990 and 1994 

(DEAT, 2003). Waterborne transport accounts for over 75% of the 

international emissions (DEAT, 2003; DEA, 2009b). 

 

Globally, about three quarters of GHG emissions from transport sector 

came from road vehicles in 2004 (Ribeiro et al., 2007). In South Africa, 

this subsector contributed to more than half of the transport sector 

emissions in 1994, which w a s  36% over the 1990 value (DEAT, 

2003). It accounted for over 90% of the sector‘s emissions in 2000 

(DEA, 2009b) showing a worrying and unsustainable trend. 

 

Passenger transport in South Africa is dominated by the energy 

intensive private transport. Annual CO2 emissions from passenger cars 

are estimated to be approximately 4.13 million tonnes in Johannesburg 

(Goyns, 2008) and 2.14 million tonnes in Durban (Thambiran and 

Diab, 2011). 

 

2.4. Characteristics of transportation loads in South Africa 

 

The most used motorised travel mode in South Africa is the minibus- 

taxi (DOT, 2005). For the period 1980-2000, minibus taxis captured 

more than 60% of the commuter market (DEAT, 2003). Vast majority 
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(76%) of households reported that they do not have access to train 

services in contrast to minibus taxis which are much more accessible 

especially for short time trips (DOT, 2005). 

 

Around 230 thousands aircraft landings carrying about 33-million 

passengers move through South Africa's 10 principal airports i n  a  

y e a r  (Letete et al., 2010). In 2008, more than 12 million passengers 

embarked on domestic aircrafts (DOT, 2009a). Number of 

international passengers arriving and leaving South Africa is usually 

less than half of their domestic counterparts. 

 

Railways transport largest number of passengers in the country. In 

2009, it transported about 644 million people compared to 288 million 

people transported by road transport (StatsSA, 2010). Both figures 

were higher than the respective numbers in 2008. 

 

Freight transportation is dominated by road transport. During 2009, 

more than 426 million tons of payloads were transported by road 

compared to about 183 million tons moved by rail (StatsSA, 2010). 

On the other hand, freight transported by aviation was about 360 

thousand tons in 2008 (DOT, 2009a). 

 

One of the commonly used factors to determine efficiency of transport 

vehicles is the load the vehicles carry for each distance unit they travel. 

Passengers or tonnes transported for each vehicle kilometre is the 

frequently used indicator. This indicator is a product of number of 

passengers/tonne a vehicle transported for each kilometre in its trip.  

 

Passenger- kilometres vary between modes of transport and 

provinces i n  S o u t h  A f r i c a  (StatsSA, 2003; DOT, 2005; RTMC, 
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2010).  Based on assumed vehicle occupancy rates Haw and Hughes 

(2007) estimate that 52% of the road passenger-kilometres in South 

Africa are met by public transport and 48% are met by private 

vehicles. Road transport and passenger rail produced 21 billion and 16 

billion passenger-kilometres in 2008 respectively (DOT, 2009a). 

 

Globally the aviation sector, which is an energy-intensive mode, has 

seen a tremendous increase in the volume of its traffic during the last 

three decades (Grazi and van den Bergh, 2008). Between 1990 and 

2006, total scheduled world revenue passenger-kilometres and cargo 

revenue tonne-kilometres traffic rose by 108 and 140%, respectively 

(Macintosh and Wallace, 2009).  

 

Air traffic experienced depression in 2009 because of the global 

financial crisis (ICAO, 2010). Global statistics for that year show that 

overall passenger/freight freight tonne-kilometres performed in 2009 

decreased by 4.3% over 2008, an d  international tonne-kilometres 

r e d u c e d  b y  about 5.9% (ICAO, 2009). The si tuation 

improved in 2010 whereby world passenger-kilometres performed 

on total scheduled services increased by about 8.0% (8.5% 

international and 7.1% domestic) over 2009 (ICAO, 2010; 2011). 

Domestic passenger-kilometres and tonne-kilometres decreased by 

3.45% and 4.36% in 2009 over 2008 respectively in South Africa 

(ICAO, 2009). 

 

2.5. Modal intensities 

 

Energy services may have broader attributes that may be combined with 

useful energy outputs in a variety of ways (Sorrell et al., 2009). One of 

the useful indicators is energy or CO2 modal intensity expressed in 
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mega joules or grams of CO2 emissions per passenger- or tonne-

kilometres respectively. This indicator provides a measure of the 

energy or carbon intensity associated with transporting various 

loads (Becken and Patterson, 2006; Zheng et al., 2011; Zhou et al., 

2011). 

 

Passenger-kilometres and tonne-kilometres are the two main 

determinants of energy consumption (IEA, 2011). In fact, energy use 

per passenger kilometre is the most important indicator of energy 

intensity for collective modes of transport (Reddy, 2000). It provides 

a platform to analyze flexibility for modal shifting (Haw and Hughes, 

2007). Most importantly, there is linear dependence between the 

emission of CO2 and fuel consumption (Mickūnaitis et al., 2007).  

 

Private passenger vehicles have highest energy intensities in South 

Africa (Table 2.1) (Haw and Hughes, 2007). They also consume largest 

amounts of energy. For freight vehicles, medium commercial vehicles 

have highest intensity while heavy commercial vehicles use largest 

amounts of energy after private vehicles. 
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Table 2.1:    Intensities of road passenger and freight transport (Haw 

and Hughes, 2007) 

 

Passenger transport Intensity 

(MJ/pass-km) 

Total mileage 

(billion vehicle-km) 

Total fuel 

(PJ) 

Diesel buses 0.39 0.92 12.66 

Petrol taxis (minibus) 0.44 8.82 38.46 

Diesel taxis (minibus) 0.29 0.00 0.00 

Petrol cars 1.51 62.00 197.23 

Diesel cars 1.40 1.82 5.36 

Hybrid cars (diesel) 0.59 0.00 0.00 

Hybrid cars (petrol) 0.70 0.00 0.00 

SUV (diesel) 2.04 0.21 0.88 

SUV (petrol) 2.39 0.23 1.14 

Motorcycles 1.80 1.58 2.84 

Freight (MJ/tonne-km)   

Light commercial 

vehicles 
1.59 11.34 54.00 

Medium commercial 

vehicles 
7.00 6.89 47.92 

Heavy 

commercial 

vehicles 

0.84 5.28 66.62 

 

Modal intensities can also be expressed as a function of economic or 

demographic indicators. The ratio of both  the  energy and carbon 

emissions t o  GDP is used to measure energy and CO2 intensities of 

national economies (Zhou et al., 2011). In fact, carbon intensity is a 

mixed indicator mainly subjected to energy and economic structures 

(Romano, 2011; Zhou et al., 2011). Alternatively, because CO2 

emissions can be strongly influenced by the size of the population, 

per capita indicators provide better and more equitable basis for 

comparison across designated geographical areas (Zhou et al., 2011). 
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In the early 1990s, South Africa ranked among the top 10 and 20 

countries in the world respectively, regarding the tons of carbon 

emitted per unit of GDP annually and tons of carbon e m i t t e d  per 

capita per year (Scholes and van der Merwe, 1996). In 1995, South 

Africa‘s emissions intensity was about 240 per cent above world 

average, and in terms of emissions per capita, South Africa was 189 

per cent above the world average of 1.07 tons of carbon per person 

(Blignaut et al. 2005). 

 

Energy and CO2 efficiency have become a highly important global 

goal during past few years (Liimatainen and Pollanen, 2010). This 

indicator expressed as MJ/km for energy and CO2/km for CO2 

emissions provides a measure of the average fleet efficiency of all 

vehicles (Zheng et al., 2011; Zhou et al., 2011). Road transport‘s fuel 

consumption and emissions per km traveled are much higher than that 

of the other transport modes (Soylu, 2007). 

 

The Government and the automobile industry in South Africa 

recently agreed on the efficiency rates of some of the country‘s vehicle 

types. The CO2 emissions threshold for new passenger cars and light 

duty double cabs are set at 120 g/km and 175 g/km respectively 

(National Treasury, 2010; SARS, 2010). Rates beyond these are taxed. 

 

2.6. Vehicle ownership and occupancy rates 

 

Ownership rates and the use of vehicles influence energy consumption 

(Goyns, 2008; Mohammed and Venter, 2009). Compared to other 

developing countries, South Africa has a relatively high rate of car 

ownership. Cities in South Africa have the highest motorcar ownership 

rates in Africa with 189 and 241.3 motorcars per 1,000 people in 
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Durban and Johannesburg respectively (Naude et al., 2000; 

Akinboade et al., 2008; UITP, 2010; Thambiran and Diab, 2011). 

The ratio of passengers to vehicles varies from province to province 

(Table 2.2). 

 

Table 2.2:  Number of passengers per vehicle type per province in 

South Africa in 2003 (DOT 2005, RTMC, 2010; StatsSA, 

2003) 

 

 

 

 

 

 

 

 

 

High ownership rates affect the occupancy rates of the vehicles and 

the ultimate energy consumption. Lower vehicle occupancy rates result 

in more energy consumption for travel on a per capita basis (Flamm, 

2009). Thus ,  reduction of energy and GHG intensity per passenger-

kilometer can be   achieved by increasing vehicle occupancy rates (de 

Haan et al., 2007; Moriarty and Honnery, 2008). 

 

2.7. Emission factors and vehicle technology 

 

CO2 estimates from combustion of fossil fuels basically require three 

input parameters which are; CO2  emission factor, energy content of 

the fuel, and carbon stored or unoxidized during its utilization 

(Winiwarter and Rydpal, 2001; Limmeechokchai and Suksuntornsiri, 

Province Motorcars Minibuses Buses 

Gauteng (GA) 1.4

8 

33.79 40.08 

KwaZulu Natal (KZ) 2.2

9 

55.24 189.68 

Western Cape (WC) 1.9

5 

26.35 58.28 

Eastern Cape (EC) 2.5

5 

57.44 120.03 

Free State (FS) 1.9

9 

53.94 68.93 

Mpumalanga (MP) 2.2

6 

40.05 117.30 

North West (NW) 2.6

0 

48.62 106.88 

Limpopo (LI) 3.5

6 

61.39 153.42 

Northern Cape (NC) 2.0

3 

33.13 29.24 

Republic of South Africa (RSA) 2.3

0 

45.55 98.20 
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2007; Weisser, 2007; Roy et al., 2009). CO2 emission factors are based 

on the carbon content of the fuel and they are a good basis to compare 

pollutant emission from combustion of different fuels (Oannh et al., 

1999; IPCC, 2006). 

 

A calorific value or energy content of a fuel is predominantly a 

function of the carbon content (Roy et al., 2009). Gross calorific 

value differs from net calorific value because it also includes the 

energy that is carried away in the water vapour resulting from the 

oxidation of the hydrogen in the fuel (Pulles and Yang, 2011). The  

carbon  content  increases  with  a decrease  in  net  calorific  value  

(Weisser, 2007). Moreover, it heavily depends upon various parameters 

involved in the combustion process (Bhattacharya and Salam, 2002). 

 

Methane and nitrous oxide emissions depend more on driving cycle of 

the vehicles, fuel properties and technology than on fuel consumption 

(Graham et al., 2009). Specifically, the distance based emission rates 

for CH4 vary both by driving cycle and by vehicle technology while 

the distance based emission rates for N2O vary more by driving cycle 

than by vehicle technology (Graham, 2006). Fuel-based emission  

factors  that  do  not  specify  vehicle  technology  are  highly  

uncertain (IPCC, 2006). 

 

Catalytic converters are the post-combustion control devices w h i c h  

reduce CH4 emissions f r om  v eh i c l es  (Beer et al., 2002). 

However,  N2O emissions from motor vehicles equipped with the 

converters are greater than those without (Beer et al., 2002; Behrentz et 

al., 2004). 
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Emission factors can also be described in mass of an emission per 

unit distance. Distance based emission factors (g/km), though 

environmentally more meaningful, are subjected to greater variability 

than the mass of emissions per unit energy (g/MJ) (Beer and Grant, 

2007). Their variability depends on a large number of factors such as 

technology, driving conditions, and maintenance (Hueglin et al., 

2006). As such, it is preferred that CO2 emissions are calculated 

using emission factors in grams per unit energy than the grams per 

kilometre (IPCC, 2006). 

 

Distance based emissions factors have been calculated before in South 

Africa (Table 2.3) (Stone and Bennett, 1998; Scorgie et al., 2004). 

These studies classified emission factors into two main regions, i.e. 

Coastal and Highveld. 
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Table 2.3:  Selected road transport distance based emission factors in 

South Africa (Scorgie et al., 2004) 

 

 

 

Pollutant 

 

 

Units 

COASTAL HIGHVELD 

Leaded 

petrol 

Unleaded 

petrol 

Leaded 

Petrol 

Unleaded 

petrol 

Petrol-driven vehicles  (Non-catalytic converter equipped) 

CO
2
 g/km 214.00 213.50 188.00 190.00 

CH
4
 g/km 0.05 0.06 0.06 0.04 

N
2
O mg/km 5.00 5.00 5.00 5.00 

  Petrol-driven vehicles  (Catalytic converter equipped) 

CO
2
 g/km 267.50 268.00 257.00 243.00 

CH
4
 g/km 0.03 0.03 0.03 0.05 

N
2
O mg/km 5.00 5.00 5.00 5.00 

  *Diesel-driven vehicles 

LCVs M&H LCVs M&H 

CO
2
 g/km 245.00 739.00 245.00 739.00 

CH
4
 g/km 0.01 0.15 0.01 0.09 

N
2
O mg/km 17.00 30.00 17.00 30.00 

 

*LCV – Light commercial vehicles 

*M&H – Medium and heavy vehicles 

 

Determination of especially CH4 and N2O emissions from mobile 

sources requires consideration of transportation technology (Hankey 

and Marshall, 2010). Fuel-efficient technology is an essential 

component of a comprehensive strategy for GHG emissions 

abatement (Schafer and Jacoby, 2006; Yang et al., 2009). In this case, 

technologies include improvement of fuel economy of the vehicles 

(Samaras and Meisterling, 2008) and usage of alternative fuels (Yang et 

al., 2009) and hybrid vehicles. 
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**********************************************  

The chapter presented energy economics and the 

relationship between fossil fuel and GHG emissions in 

the transport sector. It showed results of past inventories 

in the transport sector in South Africa. Factors that 

affect the emissions were discussed. Emissions 

indicators were investigated. 
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CHAPTER 3: METHODOLOGY 

 

This chapter provides background on approaches and 

methodologies used to calculate GHG emissions. It 

outlines how GHG emissions for each transport category 

are calculated. It also presents details on how modal 

intensities and uncertainties associated with emissions 

were calculated. Data used in this study are described. 

 

3.0. IPCC methodology 

 

The 2006 IPCC Guidelines provide a detailed methodological 

framework to accomplish preparation of regular reports on inventories 

of anthropogenic GHG emissions (IIED, 2009). This method relies 

on a territorial approach which varies from national to lower levels 

of governance (D‘Avignon et al., 2010; Li et al., 2010). 

 

IPCC uses the tiered approach to estimate GHG emissions.  A choice 

of a tier depends  on  the  availability  of  relevant  activity  data  and  

indigenous  emission factors (NIES, 2006; Kis-Kovacs et al., 2010). 

Higher tier methodologies are more demanding in terms of complexity 

and data requirements as they require country-specific information 

(Bader and Bleischwitz, 2009; Kis-Kovacs et al., 2010). Only two tiers 

are usually used to calculate CO2 emissions in the transport sector as it 

is not possible to produce significantly better results than by Tier 2 

(IPCC, 2006). 

 

Tier 1 is the basic method, where activity data are usually aggregated 

national statistics and the emission factors are default values 

representing typical process conditions (IPCC, 2006: NIES, 2006; 
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Miyoshi and Mason, 2009: Kis-Kovacs et al., 2010). For Tier 1, CO2 

emission factor takes account of all the carbon in the fuel including 

that emitted as CO2, CH4, CO, non-methane volatile organic 

compounds and particulate matter (IPCC, 2006). 

 

Tier 2 approach is the same as Tier 1 except that country-specific 

carbon contents of the fuel sold in road transport as well as 

associated emission factors are used (IPCC, 2006; NIES, 2006). For 

this tier, the CO2 emission factors may be adjusted to take account of 

un-oxidised carbon or carbon emitted as a non-CO2 gas (IPCC, 2006).  

For  aviation,  this  approach  is  based  on  information  of  the  

number  of  landings and take-offs (Miyoshi and Mason, 2009). For 

CH4 and N2O, Tier 2 approach uses fuel-based emission factors specific 

to vehicle subcategories (IPCC, 2006). 

 

For key categories that have a significant influence on a total inventory 

of GHG, it is required to apply higher-tier methods (IPCC, 2006; 

Cruz-Nunez et al., 2008; Kis-Kovacs et al., 2010). In the case of 

transport's emissions, greater priority has been attached to the 

development of emission models and inventories for road vehicles and 

aircrafts (IPCC, 2006). 

 

Methane and nitrous oxide emissions f rom motor  vehic les  may 

also be determined using Tier 3 approach. On top of the detailed 

emission factors required, this approach depends on robust vehicle 

activity levels for each vehicle subcategory and possible road type 

(IPCC, 2006). However, it is usually difficult to obtain these detailed 

data. As a result, calculations of CH4 and N2O emissions may use this 

approach if it is not possible to estimate fuel consumption by vehicle 
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type (IPCC, 2006). 

 

Tier 1 was used to calculate all transport emissions in this study. 

Details on modal emissions differed depending on activity data 

available.  

 

3.1. Energy consumed by road transportation 

 

Energy consumed by road transport was estimated for each of the 

nine provinces of South Africa by fuel type and vehicle category. The 

calculations were done for the base year 2009. Moreover, the energy 

for each of the years since 2000 were recalculated. 

 

Number of vehicles and distances travelled annually were used to 

calculate the energy used by each t r a n s p o r t a t i o n  subsector. 

Numbers of vehicles and distances travelled (Table 3.1) were 

obtained from the National Traffic Information System dataset 

(RTMC, 2010). 
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Table 3.1:  Number of vehicles in South Africa as on 31 December 

2009 (RTMC, 2010) 

 

 Motor 

cars 

Mini 

buses 

Buses Motor 

cycles 

*LDVs Trucks Other 

GA 2,256,780 110,845 14,916 141,423 626,637 121,769 36,706 

KZ 754,048 43,394 6,958 33,526 281,554 50,441 31,615 

WC 969,006 35,458 5,107 74,669 271,920 34,586 33,278 

EC 346,880 20,715 3,714 24,281 161,633 24,470 13,929 

FS 253,701 12,035 2,025 23,266 110,215 19,227 39,522 

MP 282,341 19,781 4,406 22,925 151,718 24,978 25,533 

NW 255,514 18,090 3,118 20,681 128,660 17,976 27,259 

LI 200,662 18,781 3,846 12,637 153,258 19,504 14,740 

NC 92,161 3,842 1,127 8,992 60,697 8,653 7,904 

RSA 5,411,093 282,941 45,217 362,400 1,946,292 321,604 230,484 

 

*LDVs: Light Duty Vehicles 

 

Distances travelled by each vehicle category were obtained from 

(RTMC, 2010). The data had statistics for all the years except 2009 

where only first eight months of data were available. As a result, the 

total vehicle kilometres travelled in 2009 were estimated using the 

eight months of data and 2008 statistics. Changes in kilometres 

travelled between each month of 2009 and its corresponding month in 

2008 were determined. Averages of the changes in the data for the 

eight months were  estimated  and  it  was  assumed  that  they  were  

valid  during  the  last  four months of 2009. On average, 2009 

distances were a factor of 0.97 of the distances travelled in 2008; 

however, the changes vary between vehicle categories and provinces. 

Annual distances travelled in 2008 were then multiplied by these 

averages to e s t i m a t e  distances travelled in 2009 (Table 3.2). It 

was assumed that petrol and diesel vehicles travelled the same 

distances in a year. 
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 Table 3.2: Estimated distances (km) travelled by vehicles in 2009 

 

 Motor 

cars 

Mini 

buses 

Buses Motor 

cycles 

LDV HDV Other 

GA 11,878 23,996 24,753 4,910 16,892 26,568 2,230 

KZ 15,659 27,431 35,378 9,288 19,978 44,014 1,777 

WC 12,002 32,060 38,606 3,942 18,386 52,853 1,396 

EC 16,070 26,349 24,640 5,777 14,638 33,735 1,528 

FS 18,292 38,585 63,469 5,368 22,555 58,354 712 

MP 20,765 29,460 43,089 7,692 22,537 66,636 1,701 

NW 15,897 21,921 30,677 5,450 15,642 47,386 793 

LI 17,836 18,618 18,379 7,657 10,672 32,608 1,094 

NC 14,400 35,375 45,140 4,286 13,981 52,209 1,444 

 

Fuel economies which were available in the literature were 

inconsistent. They were obtained from Taviv et al. (2008), Goyns 

(2008), Mohammed and Venter (2009), Mopani and Capricorn 

Districts (2010) and Otter et al. (in press) from which average fuel 

economies and their associated standard deviations were estimated 

(Table 3.3). Few motorcycles use diesel, therefore it was generally 

assumed that all motorcycles used petrol only. These average fuel 

economy rates were used in this study under the assumption that they 

were the same in all the provinces. 
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Table 3.3: Estimated fuel economies per vehicle based on various 

sources 

 

 Fuel economy (litres/100 km) 

Petrol Diesel 

Motorcars 9.91 8.44 

LDV 10.35 8.20 

Minibuses 13.17 12.00 

Buses 48.75 44.48 

Trucks 20.00 35.50 

Motorcycles 4.07 3.75 

 

Motor vehicles usually use either petrol or diesel as their fuel. Numbers 

of vehicles per province using either fuel were obtained from DOT 

(2010). The dataset  contained number of  motor vehicles 

regis tered from 2007 to 2009.  National averages for 2009 are 

shown in Figure 3.1. 
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Figure 3.1: Average fuel shares of motor vehicles by type in South 

Africa in 2009 

 

Fuel profiles of vehicles during the years 2000-2006 were estimated 

using data from DOT (2010). Numbers of vehicles by fuel type 

first registered in each of these years were used as proxies to 

determine profiles in respective years. Averages of the fuel profiles 

for the years 2007 to 2009 together with the proxies were used to 

estimate the profiles during the years 2000-2006 using Equation 3.1. 
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The first years of vehicle registrations were obtained from DOT 

(2010). 

 

Ni,j,k = Ai,j + (Pi,j,k) / (Ai,j)  (3.1) 

 

Where;  

N; were the estimated percentages of vehicles using either one 

of the fuels during the years 2000-2006 

A; was the average number of vehicles using either fuel in 2007-

2009 

P; were the proxies for each year from 2000-2006 

i; was the fuel type 

j; was the vehicle type 

k; was the first year of registration of a vehicle 

 

Conversion of fuel from units of volume to those of energy was done 

using the averages 34.01 MJ/L for petrol and 37.43 MJ/L for diesel 

(DME, 2002; 2005; eThekwini, 2006; Lamprecht, 2007; City of 

Johannesburg, 2008; StatsSA, 2009; DOE, 2009b; 2010a; Leckel, 

2009; 2010; Smith et al., 2012; Swart et al., 2012). The same 

conversion factors were used in all the provinces. 

 

Road transport used other energy types other than petrol and diesel. The 

other energy types which included residual fuel and other kerosene 

were obtained from the energy balances DOE (2010b). They 

contributed very small amounts to the total energy. These energy types 

were included in the overall quantities of energy and the resulting 

emissions. 
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3.2. Energy consumed by off-road transportation 

 

Little statistics were available to calculate off-road energy. Energy 

consumed by this subsector was estimated using the energy balance 

data and the results of road transport energy consumption o b t a i n e d  

u s i n g  d i s t a n c e s  t r a v e l l e d . An approach was selected from 

the possible two principles suggested by the IPCC (2006); 

 

(1)  For each major fuel type, estimate the fuel used by each 

road vehicle type from vehicle kilometres travelled data. The 

difference between this road vehicle total and the apparent 

consumption is attributed to the off-road sector; or 

 

(2) The same fuel-specific estimate in (1) is supplemented by a 

similarly structured bottom-up estimate of off-road fuel use 

from knowledge of the off-road equipment types and their 

usage. The apparent consumption in the transportation sector is 

then disaggregated according to each vehicle type and the off-

road sector in proportion to the bottom-up estimates. 

 

The first approach was adopted in this study. The differences between 

the energy data generated from the road transport calculations and 

the energy data obtained from DOE (2010b) were allocated to the off-

road category. The analysis was extended to determine the 

contribution of this category since 2000. 

 

3.3. Energy used for aviation transportation 

 

Fuel consumed by aircrafts (Table 3.4) was used to calculate the 

emissions from the aviation subsector. Monthly fuel statistics per 
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airport in 2009 were obtained from DOE, (2009a). These data were 

classified in litres sold to various licensed districts in the country.  

 

Table 3.4: Fuel consumed by aircrafts for each province in 2009 (DOE, 

2009a) 

 

 

 
Province 

Fuel 

(Litres) Gasoline Jet 

Fuel Domestic International 

EC 774,945 153,625,104 6,491,460 

FS 1,366,519 7,539,834  

GA 2,844,751 879,997,522 744,894,208 

KZ 10,253,003 95,697,068 7,081,487 

LI 188,273 3,952,839 20,5

10 MP 561,191 3,755,092 378,398 

NC 747,952 6,034,257  

NW 518,509 301,475  

WC 2,114,422 149,551,936 289,722,507 

 

Jet fuel was separated into fuel used for both domestic and international 

flights. However, aviation gasoline data were not separated into 

domestic or international consumption, so it was assumed that the fuel 

was used by small domestic aircrafts based on IPCC (1997), Geels 

(2005), Nygren et al., (2009) and Weber et al., (2012). The fuel was 

converted to energy units using average calorific values of 33.9 MJ/L 

for aviation gasoline and 34.3 MJ/L for jet fuel (DOE, 2005; 2009b; 

eThekwini, 2006; City of Johannesburg, 2008). 

 

3.4. Energy used for railways and waterborne transportations 

 

Disaggregated energy data used by railways and waterborne 

transportations were not available. As a result, energy balances data 

DOE (2010b) was used.  The 2009 national energy balance reported 
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that rail transport consumed various types of energy (Table 3.5). 

Energy types used were petrol, diesel, other kerosene, hard and 

bituminous coal. All these data were aggregated. The national energy 

balance classified the energy used by waterborne activities under the 

‗internal navigation‘ category. This would suggest that the energy was 

used by the ships within the jurisdiction of South Africa and not for the 

international shipping. The energy was approximately 14.56% of the 

energy used by the entire transport sector and it was comparable to the 

energy reported by Olivier and Peters (1999) that was used by 

international ships in South Africa in 1990. It was concluded here that 

the ‗internal navigation‘ energy was used for international shipping. 

 

Table 3.5: Energy used by rail in 2009 in South Africa (DOE, 2009b) 

 

 Energy (TJ) 

Hard Coal 2,035.48 

Bituminous coal 2,035.48 

Motor gasoline 8.25 

Other kerosene 0.12 

Gas diesel 1685.06 

 

3.5. GHG emissions from road transport in 2009 

 

Carbon dioxide emissions were calculated using Tier 1 approach only. 

On the other hand, Tiers 1 and 2 were used to calculate CH4 and 

N2O emissions.  
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3.5.1. CO2 emissions 

 

Greenhouse  gas  emissions  from  road  transport  were  calculated  for  

each  year starting from 2000 to 2009. Total CO2 emissions by vehicle's 

mode and fuel type for each of the years were determined. The 

emissions from road transport were based on the energy calculated in 

section 3.2 above and were calculated using Equation 3.2 (IPCC, 1997; 

2006; Singh et al., 2008; Liao et al., 2011). 

 

CO
2 (Kg) = ∑Sa,b*Da,b*FEa,b*NCVa,b*CEFa,b*10

-3

*(1-CSa,b)*FCOa,b*44/12           

(3.2) 

Where:  

S is the number of vehicles; 

D is distance (km); 

FE is the fuel efficiency rates (L/km); 

NCV is the net calorific value of the fuel (MJ/L); 

CEF is the carbon emission factor (kg/MJ); 

CS is the carbon stored; 

FCO is the fraction of carbon oxidized; 

a is the fuel type; and 

b is the vehicle type; 

 

The carbon emission factor for diesel and petrol, carbon stored and 

fraction of carbon oxidized (%) were 20.2 ton of C/TJ, 18.9 tonne of 

C/TJ, 0 and 0.99, respectively (IPCC, 1997, 2006; Liao et al., 2011). 

To express the results as CO2, total carbon oxidized was multiplied by 

44/12 which is the molecular weight ratio of CO2 to carbon (IPCC, 

1997; Singh et al., 2008; Liao et al., 2011). 
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Default IPCC emission factors were used to calculate the emissions 

from fuel types; other kerosene and residual fuel oil. Carbon emission 

factors for these fuels were 19.6 and 21.1 ton/TJ respectively. 

 

3.5.2. CH4 and N2O emissions 

 

Two approaches were used to calculate CH4 and N2O emissions. The 

first approach was Tier 1. It used default energy-based emissions 

factors while the second approach was Tier 2 which applied 

estimates of locally derived distance-based emission factors. 

 

3.5.2.1. CH4 and N2O emissions based on energy emission factors 

 

Emissions of CH4 and N2O were calculated using energy-based emission 

factors (Tier 1 approach) (Equation 3.3). Thus a similar approach to 

that of CO2 was used to calculate these emissions. The emission 

factors of CH4 were 33.0 and 3.9 kg/TJ for petrol and diesel 

respectively (IPCC, 2006). And the  similar  emission  factors  for  N2O  

were  3.2  and  3.9  kg/TJ  for  each  of  the respective fuels. 

 

CH4, N2O emissions (kg) = ∑Sa,b*Da,b*FEa,b*NCVa,b*EFa,b          

(3.3) 

 

Where:  

S is the number of 

vehicles; D is the 

distance (km); 

FE is the fuel efficiency rates (L/km); 
 

NCV is the net calorific value of the fuel 

(TJ/L); EF is the emission factor (kg/TJ); 

a is the fuel type; and 
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b is the vehicle type; 

 

3.5.2.2. CH4 and N2O emissions based on distance emission factors 

 

Emissions of CH4 and N2O were also calculated using distance based 

emission factors (Equation 3.4). The recalculation was used to validate 

the energy-based emissions. These emission factors were based on the 

use of catalytic converters technology on the vehicles. Other information 

and data that affect these emissions were not available.  

 

CH4, N2O emissions (kg) = ΣSa,b*Da,b*EFa,b    (3.4) 

 

Where;  

S is the number of vehicles; 

D is the distance (km); 

EF is the emission factor (kg/km); 

a is the fuel type; and 

b is the vehicle type; 

 

The emission factors and technology information were based on 

Scorgie et al., (2004), who reported that in 2002 percentage of 

vehicles fitted with catalytic converters was 7.3% and that a growth 

rate of the use of catalytic converters in new vehicles was 47.3% of the 

new cars purchased in 2002, with an annual average growth rate of 

3.9% based on the 1990-2002 data. 

 

The 2002 data from RTMC (2010) was used as the basis for number 

of vehicles employing catalysts technology. Estimated fractions of 

vehicles using either petrol or diesel in 2002 were employed. Distances 
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travelled by each vehicle per province in 2002 were also used. These 

data together with the technology information outlined above were used 

to calculate emissions in 2002. 

 

Difference  between  number  of  vehicles  in  2002  and  2009  was  

taken  as  new vehicles brought into the national fleet during the years 

up to 2009. The increase of vehicles between 2003 and 2009 was 

separated into vehicles equipped with catalytic converters (using 

Equation 3.5) and the vehicles not equipped with the converters. 

Fraction (%) of vehicles not equipped with converters would therefore 

be a percentage difference between 100% and M. 

 

M = P*(1+A)
n  

(3.5) 

 

Where;  

M is the final (cumulative) percentage of vehicles equipped 

with catalytic converters in 2009 (%); 

P is the principal or initial value in 2002 (47.3%); A is the annual 

growth rate (3.9%); and 

N is the number of years (n = 7 for the years 2003 to 2009). 

 

Emission factors found in Scorgie et al, (2004) were averaged 

(Table 3.6). The first reason for the averaging was that vehicles in the 

Scorgie et al report used different classification to the one adopted in 

this study. They used classifications like light commercial vehicles, 

and medium and heavy vehicles. Secondly, the emission factors in the 

report were according to the Coastal and Highveld regions. The regions 

do not perfectly fit to the provincial disaggregation used in this study. 
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Table 3.6: Distance based emission factors (adjusted from Scorgie et 

al., 2004) 

 

 Petrol vehicles 

CH
4 (g/km) N

2
O (mg/km) 

Equipped with catalytic converters 
0.04

a
 

5 

Not equipped with catalytic converters 
0.05

b
 

5 

 Diesel Vehicles 

CH4 N
2
O 

 
0.0806

c
 23.5

d
 

 

a Emission factor was the average of 0.03 g/km for coastal areas and 0.05 g/km for 

the 

Highveld; 

b Emission factor was the average of 0.06 g/km for coastal areas and 0.04 g/km for 

the 

Highveld; 

c  Emission factor was the average of 0.007 g/km for light commercial vehicles, 

0.147 g/km for medium and heavy vehicles in the coastal areas, and 0.088 g/km 

for medium and heavy vehicles in the Highveld; 

d Emission factor was the average of 17 g/km for light commercial vehicles and 30 

g/km 

for medium and heavy vehicles 

 

Separate CH4 and N2O emissions were determined for vehicles 

registered in 2002 and those registered from 2003 to 2009. The two 

calculations were then added together to give the total emissions in 

2009. Both emissions in 2002 and the total in 2009 were compared 

with the calculations obtained using fuel based emission factors. 

 

3.6. GHG emissions from other modes of transport 

 

GHG emissions from off-road, aviation and rail transportation were 

calculated using Equations 3.6. The quantities in the equation depend 
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on each subsector as described below. However, values for carbon 

stored, fraction of carbon oxidized and emission factors for petrol and 

diesel in all these other transport subsectors were the same to those of 

road transport described above. 

 

Emissions (Gg) = ∑Ea*EFa                (3.6) 

where; 

E is the energy (TJ); 

EF is the emission factor (ton C/TJ for CO2, kg/TJ for CH4 and N2O); 

a is the fuel type 

 

3.6.1. Off-road GHG emissions 

 

Emissions from off-road transport were estimated using petrol and 

diesel as the energy sources. Emissions could not be disaggregated 

into provinces due to data limitations. 

 

3.6.2. Aviation GHG emissions 

 

To calculate CO2 emissions from aviation, carbon emission factors for 

aviation gasoline were 18.9 ton C/TJ and 19.5 ton C/TJ for jet 

kerosene (IPCC, 1997; 2006). Emission factors for CH4 were 0.5 

kg/TJ for both aviation gasoline and jet fuel. Similarly, N2O emission 

factors were 2.0 kg/TJ for both fuels. Factors 0 (zero) and 0.99 were 

put for carbon stored and fraction of carbon oxidized respectively. 

 

Separate calculations were conducted for both domestic and 

international flights. Emissions from domestic flights were attributed 

to South Africa as per the IPCC Guidelines. However, emissions 

from international flights were not added to the national emissions 
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and they were attributed to the international bunkers. 

 

3.6.3. Rail and waterborne GHG emissions 

 

Emissions from rail transport were based on the nationally aggregated 

data. Emission factors (Table 3.7) were applied to calculate the 

emissions. The carbon oxidized fraction was 0.98 for coal IPCC (2006) 

was used. 

 

Table 3.7: GHG emission factors for rail transport (IPCC, 2006) 

 

 Emission Factors 

 Carbon (ton C/TJ) CH
4 (kg/TJ) N

2
O (kg/TJ) 

Hard Coal 25.8 2 1.5 

Bituminous coal 25.8 2 1.5 

Motor gasoline 18.9 3.2 33 

Other kerosene 19.6 3 0.6 

Gas diesel 20.2 4.15 28.6 

 

 

Emissions from waterborne transport were calculated for international 

ships only. Thus the emissions were not added to South Africa‘s total 

emissions but to international bunkers. The emissions were developed 

at the national level. Values for carbon stored, fraction of carbon 

oxidized and emission factors for diesel were used to calculate the 

emissions. 

 

3.7. Trends in GHG emissions in South Africa since 2000 

 

Road transport GHG emissions were recalculated for the years since 

2000. Tier 1 approach was used for all emissions and updated 

conversion factors were used where applicable. The results were used 
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to determine change of rates of emissions with time. 

 

3.7.1. Trend in road transport GHG emissions 

 

Trend in road transport GHG emissions was done using annual numbers 

of vehicles and their associated mobility. The rest of the steps were 

similar to the descriptions for road transport outlined earlier in the 

chapter. 

 

As mentioned in section 3.1, annual numbers of vehicles per province 

were obtained from RTMC (2010). Annual changes since 2000 were 

determined to investigate the effect of vehicle population on the 

emissions (Figure 3.2). 
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Figure 3.2:  Vehicle population annual by province between 2000 and 

2009 
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Data on the mobility of vehicles in the country since 2000 were 

obtained from RTMC (2010). Provincial trends in mobility of the type 

of vehicles (Figure 3.3) and their relation to emissions were also 

investigated. 

 

 

 

Figure 3.3:  Average distances travelled by motor vehicles in South 

Africa between 2000 and 2009 

 

3.8. CO2 equivalent emissions 

 

Calculated GHG emissions were converted to CO2 equivalent 

emissions.  The 100 years global warming potentials were used to 

change CH4 and N2O emissions into their CO2 equivalents; 1 for CO2, 

25 for CH4 and 298 for N2O (Forster et al., 2007; Scheutz et al., 2009). 

They were based on the Fourth Assessment Report of the IPCC 

released in 2007. 
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3.9. Energy and GHG emissions modal intensities 

 

Modal intensities were calculated for road and aviation transportations 

since other subsectors did not have sufficient data. Energy and CO2 

modal intensities for each vehicle category were calculated using 

Equation 3.7. Numbers of passengers using each road transport mode 

were estimated based on the 2003 national household travel survey 

statistics DOT (2005) and the 2009 midyear population statistics 

StatsSA (2009) (Table 3.8). 

 

 Modal Energy (CO2) Intensityi = Ei (Gi)/(Li*Di)                  (3.7) 

 

Where: 

E is the energy used by vehicles of mode i (MJ); G is the CO2 

emissions (g); 

L is the load (passengers or tonnes) carried by the vehicles; 

D is the distance travelled (km); and 

i is the mode of vehicle 

 

Table 3.8:  Percentage  of  people  using  each  mode  of  transport  and  

the  2009 population 

 

 Provincial percentage of people
a

 2009 midyear 

population
b

 Buses Motorcars Minibus taxis 

EC 3.3 10.3 15.9 6,648,600 

FS 3.3 15 22.5 2,902,400 

GA 3.7 27.3 31.8 10,531,300 

KZ 8.7 13.7 20.5 10,449,300 

LI 5.6 8.6 17.7 5,227,200 

MP 8.1 13.8 19.7 3,606,800 

NC 2.2 16.9 12.7 1,147,600 

NW 6.7 13.3 22.7 3,450,400 

WC 4.6 31.9 19.6 5,356,900 
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a Adjusted from DOT (2005); 

b StatsSA (2009). 

 

 

Percentages of people using motorcars, sedan and metred taxis in the 

survey were added together. Transported tonnes per vehicle were 

assumed to be 3.0 tons and 25 tons for each kilometre travelled by the 

light duty and heavy duty vehicles respectively based on Haw and 

Hughes (2007). 

 

Provincial per capita CO2 equivalent emissions in 2009 for road 

transport were calculated. Total CO2 emissions per GDP were also 

established. This indicator for South Africa was compared with the 

rates of other countries and regions. CO2 emissions for other countries 

were obtained from IEA (2010), while the corresponding GDPs and 

population values were sourced from International Monetary Fund 

(IMF, 2012). 

 

Aviation  intensities  were  calculated  using  the  total  modal  energy  

and  CO2 emissions determined here and passenger kilometres 

obtained from ICAO (2010). ICAO reported that domestic flights in 

South Africa contributed to 8,896 million passenger-kilometres and 

878 million tonne-kilometres in 2009. Domestic passenger and tonne 

kilometres were added together since the energy and the resulting 

emissions could not be separated into the usage of either passenger 

transport or freight. 

 

Changes in modal intensities between 2003 and 2009 were calculated  

using Equation 3.2 where modal intensities for the former year were 
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subtracted from the latter. The difference relation can be reduced to  

Equation 3.8 as all other parameters did not change during the years. It 

was however, assumed that vehicle fuel types would not necessarily 

influence modal intensities. 

 

Change in modal intensity = 100%*(Sa,2009/Pa,2009-Sa,2003/Pa,2003)/(Sa,2003/Pa,2003)

 (3.8) 

 

Where: 

S is the population of vehicle of type a in 2003 and 2009; and 

P is the number of passengers using vehicles of type a in 2003 

and 2009 

  

3.10. Uncertainties associated with the 2009 GHG emissions 

 

Primarily there are two methods to calculate uncertainties associated 

with the emissions. One of them is the error propagation method which 

is limited to normally distributed data only (Winiwarter and Rypdal, 

2001). When data are significantly inaccurate and not normal, detailed 

statistical approaches which can be described by probability density 

functions are used (Winiwarter and Rypdal, 2001; Szemesova and 

Gera, 2010; Winiwarter and Muik, 2010). 

 

Error propagation method was applied to calculate uncertainties in this 

study. Calculations were limited to CO2 because distributions of 

uncertainties in emission factors of CH4 and N2O were lognormal 

(Monni and Syri, 2003; Monni, 2004; IPCC, 2006). Moreover, details 

of activity data were not comprehensive to allow applications of a 

robust statistical analysis. Modal uncertainties (UT) were based on 

Equation 3.9 (IPCC, 1997; 2006). 
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UT = (U1

2
 + U2

2
 + … + Un

2

) 
1/2        

           (3.9) 

 

Where: 

Ui are the percentage uncertainties associated with each factor 

in the activity data (or the mean value) in Equations 3.1 and 3.6. 

 

Uncertainties for road transport were done for each mode of transport 

and fuel. Aggregated but separate calculations were done for other 

modes of transport. Aggregation was in terms of uncertainties in the 

activity data and the emission factors. Modal uncertainties were 

combined to give total uncertainties in the CO2 emissions of the 

transport sector (Equation 3.10) (IPCC, 1997; 2006). 

 

UTotal = ((U1*X1)
2
 + (U2*X2)

2
 + … + (Un*Xn)

2

)
1/2

 / | X1 + X2 + … 

+ Xn|                       (3.10) 

 

Where; UTotal is the percentage uncertainty in the sum of the 

quantities; 

Xi and Ui are the uncertain quantities and the percentage 

uncertainties associated with them, respectively. 

 

Uncertainties in emission factors and the activity data for other 

subsectors were adopted from literature (Table 3.9). For road 

transport, uncertainties in the activity data were estimated based on 

the literature as described below. However, the uncertainties 

associated with other forms of energy used by road transport other 

than petrol and diesel were taken to be 5% based on IPCC (2006). 
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Table 3.9: Uncertainty values for different transport subsectors (Monni 

and Syri, 2003; Monni, 2004; IPCC, 2006) 

 

Transport mode Activity data 

(%) 

Emission factor 

(%) 
Road See text 2 
Civil aviation 5 2 
Railways 5 2 
Other unknown vehicles 3

0 

2 
 
 

Standard deviations in the road transport data were calculated and 

converted to the respective uncertainties. Uncertainties in the mean 

were estimated as ± 1.96 multiples of the standard error, where the 

standard error is the sample standard deviation  divided  by  the  square  

root  of  the  sample  size  (IPCC,  2006).  Very limited data were 

available in the literature. 

 

Uncertainties in the number of vehicles were estimated using three 

data values. Two separate uncertainty calculations were based on 

total number of vehicles in 2004 and 2007. Standard error in the 

number of vehicles was calculated using population  of vehicles  in 

2004  obtained  from  RTMC  (2010)  and  Taviv  et al. (2008);  and  

the  population  in 2007  obtained  from  RTMC  (2010)  and  SAPIA 

(2008). An average uncertainty of 3.07% of the two values was 

determined and used here. 

 

Uncertainties  in distances travelled by vehicles in South Africa 

were estimated as  25%  (Kioutsioukis  et al.,  2004)  and  13%  

(Baidya  and  Borken-Kleefeld, 2009). The two were uncertainties in 

Italy and India respectively and they were the only values found in 

the literature. The average of the two was used in this study. It 

would include variations in the distances travelled in different road 
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conditions in the country among others.  

 

Uncertainties associated with fuel economy varied between vehicle 

modes (Table 3.10). They were estimated based on the fuel economy 

data obtained from Taviv et al., (2008), Mohammed and Venter 

(2009), Mopani and Capricorn Districts (2010) and Otter et al. (in 

press) where means and standard deviations were calculated. 

Uncertainties in the petrol fuel economies for trucks were assumed to 

be equivalent to those of diesel. Uncertainties in the fuel economy of 

motorcycles were assumed to be approximately 5% (Monni and Syri, 

2003; Monni, 2004; IPCC, 2006). Moreover, uncertainties for other 

unknown vehicles were assumed to be averages of values for other 

modes. 

 

Table 3.10: Average uncertainties (%) associated with fuel economies 

and calorific values based on various data sources 

 

 Petrol Diesel 

Motorcars 37.52 69.21 
LDV 6.70 20.28 

Minibuses 17.76 46.20 

Buses 7.11 9.99 

Trucks 9.37 9.37 

Motorcycles 5.00 5.00 

Other unknown vehicles 16.69 26.67 

Net calorific value (NCV) 0.50 4.12 

 

Uncertainties in the calorific values of the fuel originate primarily from 

fuel properties. Uncertainties (Table 3.10) in the energy contents per 

unit volume of petrol and diesel were estimated using net calorific 

values obtained from DOE (2002, 2005, 2009), eThekwini (2006), 

Lamprecht (2007), City of Johannesburg (2008), StatsSA (2008, 2009), 

Leckel (2009, 2010), Smith (2012) and Swart (2012). 
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*************************************************** 

The chapter presented data and methods used in this 

study. Tier 1 approach was used to determine the GHG 

emissions in the transport sector where emissions factors 

from the IPCC were used. CH4 and N2O GHG emissions 

were also recalculated using Tier 2. Modal intensities 

were determined for road transport due to data 

restrictions. It was also shown how uncertainties in the 

emissions were calculated. 
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CHAPTER 4: GREENHOUSE GAS EMISSIONS 
 

 

This chapter presents GHG emissions emitted by 

transport sector in South Africa. Emissions are calculated 

for each transport subsector in the country, as well as for 

international bunkers. Rates of emissions are outlined 

and comparisons of emissions are made with literature. 

 

4.0. Greenhouse gas emissions in South Africa in 2009 

 

The transport sector, excluding international bunkers, is estimated to 

have emitted a total of 54,296.30 Gg of CO2-eq emissions in 2009. 

CO2 contributed 97.90% of the total emissions, CH4, 0.67% and N2O, 

1.42%. CO2 component constituted approximately 97.75 % of the CO2-

eq in the previous emissions (DEA, 2009; Agyemang-Bonsu et al., 

2010).  

 

Rates obtained in this study are slightly higher than values in the 

literature due to the different conversion factors used. Approaches used 

to calculate GHG emissions in this study and the previous DEA/DEAT 

reports slightly differ. The DEA/DEAT used CO2 emission factors 

that assumed that carbon content of the fuel was completely oxidised 

while this study used the fact that only fraction of it (0.99) was 

oxidised. The total emissions by DEA/DEAT were thus slightly 

higher than established by this study. 

 

Road transport is the largest emitter of the GHG emissions with 

80.18% of the total transport CO2-eq emissions (Figure 4.1). This ratio 

is comparable to the global ratios which show that r o a d  transport 

contributes between 74% and 78% in most countries (IEA, 2005 in 
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Meyer et al., 2007; Ribeiro et al., 2007; IEA, 2011a; McCollum and 

Yang, 2009). Road, aviation, railways and shipping transportations in 

India contributed 94.5%, 2.9%, 2% and 0.6% of CO2 emissions 

respectively (Ramachandra and Shwetmala, 2009). 

 

 

 

Figure 4.1: CO2-eq emissions by transport subsector in South 

Africa in 2009 

 

Motorcars, motorcycles and light duty vehicles account for 

approximately 49% of the transportation CO2-eq emissions. This is 

similar to Canada where passenger cars, light trucks and motorcycles 

account for 50% of the transportation emissions (Graham, 2006). 

 

On average, road transportation accounts for 93.09% of CO2-eq 

emissions from petrol and diesel excluding contributions from rail 

transport and off-road vehicles (Table 4.1). Gauteng and the Eastern 

Cape are the only provinces where road transport produces less than 

90% of the emissions from the two transportation subsectors. 
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Table 4.1: Provincial share (%) of CO2-eq emissions from road and 

domestic aviation transportation in 2009 

 

 GA KZ WC EC FS MP NW LI NC RSA 

Road 86.31 96.51 94.58 88.96 99.32 99.76 99.92 99.52 98.50 93.09 

Aviation 13.69 3.49 5.42 11.04 0.68 0.24 0.08 0.48 1.50 6.91 

 

 

Petrol and diesel are highest sources of total transport CO2-eq 

emissions (Figure 4.2). The increasing share of diesel vehicles over 

their petrol counterparts with time also shifts the country‘s emissions 

profile. In 2000, petrol accounted for about 63% of the CO2-eq 

emissions while diesel contributed 31% (DEA, 2009). 

 

 

 

Figure 4.2: Total transport CO2-eq emissions by fuel types in 

2009 

 

4.1. Road transport CO2 emissions in South Africa in 2009 

 

The road transport subsector was estimated to emit 42,589.85 Gg of 

CO2 emissions in 2009, including small contributions from residual 

fuel oil and other kerosene. Petrol and diesel vehicles contribute 

57.51% and 42.49% respectively towards this total (Table 4.2). 
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Table 4.2:  Road transport CO2 emissions (Gg) for each province, 

vehicle and fuel type in 2009 

 

 GA KZ WC EC FS MP NW LI NC 

Total 13,293 6,991 6,326 2,975 3,090 4,244 2,510 2,049 1,064 

 Passenger Transport 

Petrol 6,678 2,981 2,903 1,400 1,174 1,452 1,022 891 333 

Motorcycle 77 34 32 15 14 19 12 11 4 

Motorcars 5,816 2,594 2,552 1,226 1,016 1,255 886 776 289 

Minibuses 736 336 301 152 127 160 112 98 36 

Buses 49 16 17 6 17 18 12 6 4 

Diesel 918 475 434 195 222 347 176 148 85 

Motorcars 420 152 153 70 64 109 59 56 19 

Minibuses 93 35 54 19 18 21 12 11 7 

Buses 406 288 226 107 141 217 105 81 58 

 Freight Transport 

Petrol 1847 871 791 378 402 567 346 292 128 

LDV 1759 838 752 365 375 519 319 269 117 

Trucks 88 33 39 14 27 48 27 23 11 

Diesel 3819 2641 2180 993 1280 1859 957 710 513 

LDV 766 498 436 198 216 294 160 121 84 

Trucks 3053 2143 1744 795 1064 1565 797 589 429 

 Other and Unknown Vehicles 

Petrol 3 1 1 1 0 0 0 0 0 

Diesel 29 21 18 8 11 18 9 6 4 

 

Motorcars are the major sources of road transport emissions (Figure 

4.3). They emit 41.17% of the national road transport CO2 emissions 

and they are followed by heavy duty trucks and light duty vehicles with 

29.36% and 19.01% respectively. Smallest contributions are from 

motorcycles and other unknown vehicles. Petrol motorcars contribute 

38.58% and diesel heavy duty trucks account for 28.63% of road 

transport emissions. 
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Figure 4.3: Share of provincial CO2 emissions by type of transportation in 

2009 in South Africa 
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Passenger road transport emits approximately 51.33% of total emissions 

of road transport. Motorcars account for an average of 80.20% of these 

emissions. Minibuses, buses and motorcycles contribute 10.66%, 

8.13% and 1.00% of the total passenger transportation emissions 

respectively. 

 

Road freight transport account for about 48.36% of road transport CO2 

emissions. Nationally, heavy duty trucks contribute approximately 

60.70% of road freight emissions, while light duty vehicles account for 

39.29% of road freight emissions. It is calculated by Chapman (2007) 

that in the OECD ( Organisation for Economic Co-operation and 

Development)  countries, road freight typically accounts for just under 

half of the road transport total. 

 

Road transportation in Gauteng is the highest producer of GHG. It 

contributes about 31.25% to the national equivalent emissions and 

the Northern Cape is the lowest with 2.50% (Figure 4.4). Passenger 

vehicles in Gauteng account for 17.86% of the total transport 

emissions while freight vehicles in the province produce 13.32% of the 

subsector‘s total. 
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Figure 4.4: Provincial share of road transport CO2-eq 

emissions in 2009 

 

4.2. Road transport CH4 and N2O emissions based on energy 

consumption 

 

In 2009 the road transport subsector was estimated to have emitted a 

total of 12.72 Gg of CH4 and 2.10 Gg of N2O. The majority of CH4 

emissions are as a result of petrol consumption. More than 92% and 

54% of CH4 and N2O are produced by petrol consumption 

respectively. Heavy duty trucks account for 31.56% and 6.19% of road 

transport‘s N2O and of CH4 emissions respectively. While not 

dominant, heavy-duty diesel vehicles contribute measurably to both 

CH4 and N2O emissions associated with transportation (Graham et al., 

2008). 

 

Motorcars are the major producers of the CH4 and N2O emissions 

from road transport being responsible for 62.52% and 39.16% of CH4 

and N2O emissions, respectively. Light duty vehicles and heavy duty 

trucks are the second highest producers of CH4 (21.25%) and N2O 

(31.56%) from road transport emissions respectively. 
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Gauteng produces 34.22% of CH4 and 30.97% of N2O emissions from 

road transport (Figure 4.5). Three provinces Gauteng, KwaZulu Natal 

and the Western Cape produce nearly two thirds of the total road 

transport‘s CH4 and N2O emissions. 

 

 

 

Figure 4.5: CH4 and N2O emissions from road transport in 

2009 

 

4.3. Road transport CH4 and N2O emissions based on vehicle 

technologies 

 

CH4 and N2O emissions in 2009 based on distance based emission 

factors are 11.56 Gg for CH4 and 1.98 Gg for N2O. These are 

smaller than emissions calculated using fuel based emission factors by 

approximately 10% for CH4 and 6% for N2O. 

 

Default CH4 and N2O emission factors that do not specify vehicle 

technology are highly uncertain (IPCC, 2006). However, CH4 and N2O 

emissions calculated using fuel-based emission factors can be lower or 

higher than distance-based emissions and it is difficult to say which 
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approach to inventory development would produce the most credible 

results (Graham, 2006). 

 

Approximately 61% of vehicles are estimated to be equipped with 

catalytic converters technology aimed to reduce emissions. 

Consequently, only 20% of all the CH4 and N2O emissions are 

produced by vehicles equipped with the technology. 

 

Emissions from petrol fuelled vehicles equipped with catalytic 

converters contributed 64.20% of road transport‘s CH4 emissions in 

2009. Similar diesel fuelled vehicles produced 61.03% of N2O 

emissions from road transport in 2009. 

 

4.4. GHG emissions from the off-Road transport 

 

In 2009, off-road transport is estimated to have emitted approximately 

12.91% of total transport‘s CO2 emissions. That made off-road vehicles 

the second largest emitting mode of transport in South Africa in 2009. 

These emissions together with those from road transport make 93.03% 

of the total transport emissions which is comparable to 93.59% 

derived from data in IEA (2011a). 

 

Emissions databases from off-road equipment suffer immensely from 

insufficient real-world activity data (Gautam et al., 2002). This 

therefore implies that emissions from this subsector have larger 

uncertainties than those from other transport subsectors. 
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4.5. Domestic aviation transport GHG emissions in 2009 

 

Domestic flights emit approximately 6.02% of total transport CO2 

emissions excluding international transport. CO2 contributes more than 

99% of the total CO2-eq emissions from domestic aviation. Bulk of the 

emissions is from jet kerosene combustion. 

 

OR Tambo International Airport, the largest airport in southern Africa, 

accounts for more than 95.68% of the aviation CO2 emissions i n  

G a u t e n g  and 64.02% of national emissions. Gauteng produces 

largest amounts of provincial CO2 emissions (Figure 4.6). The three 

coastal provinces; the Eastern Cape, the Western Cape and KwaZulu 

Natal account for a combined 31.20% of the emissions. Each of the 

other provinces contributes less than a percent to the total. 

 

 

 

Figure 4.6: Share of domestic aviation CO2 emissions in South Africa 

in 2009 

 

KwaZulu Natal i s  the  l a rges t  p roducer  of  CO2 from aviat ion 

gasoline c o m b u s t i o n  i n  t h e  c o u n t r y .  T h e  p r o v i n c e  
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a c c o u n t s  f o r  52.93% of the national CO2 emissions emanating from 

the burning of this fuel by aircrafts. This abnormality can be as a result 

of the pilotage activities undertaken at Durban sea port. The other 

provinces that emit large amounts of CO2 from aviation gasoline are 

Gauteng with 14.69% and the Western Cape with 10.92%. 

 

4.6. Railways and waterborne transport GHG emissions in 2009 

 

Rail is the lowest emitter of CO2 as it is the transport mode heavily 

operated by electricity. It emits approximately 0.94% of the transport 

emissions. CO2 contributes nearly 97% of the total CO2-eq emissions 

produced by this subsector. About 70.62% of these emissions are 

from coal products and 29.23% are from diesel consumption. 

 

There are emissions from waterborne activities in South Africa. 

However, these emissions are hard to quantify due to insufficient data 

on fuel usage for these domestic activities. The emissions from the 

energy reported to be used by the internal navigation in the energy 

balance are comparable to the emissions international bunkers and 

were therefore assumed to be from international waterborne activities. 

As such, the emissions from that energy are reported under the 

international marine bunkers. In this inventory domestic waterborne 

transport is assumed to be negligible. 

 

4.7. International bunkers GHG emissions 

 

Emissions that are included in the international bunkers are from 

international waterborne and aviation transport. International bunkers 

produced a total of 10,051.47 Gg of CO2 and 10,956.36 Gg of CO2-eq 

emissions in 2009. International aviation emissions are comparable to 
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the value that would be obtained from jet kerosene energy reported in 

the energy balance. 

 

International waterborne emissions are the largest source of bunker 

CO2 emissions with 76.56% and aviation emissions account for 

23.44%. These fractions are generally the same to the estimates of DEA 

(2009) for the year 2000. Globally, international waterborne transport 

accounts for approximately 58.7% of the total bunker‘s CO2-eq 

emissions (McCollum et al., 2009; IEA, 2011a). International 

waterborne emissions are comparable to the results in IEA (2011b). 

 

International aviation contributed 44.29% of the total (domestic and 

international) aviation‘s emissions in South Africa in 2009. This is 

small compared to the global average of 60.65% in 2005 (McCollum et 

al., 2009).  In India, international aviation accounted for 

approximately 20% of the total emissions produced by that industry in 

the country (Garg and Avishia, 2011). Similarly, international 

waterborne transport accounts for 84.73% of total waterborne 

transport emissions at a global scale (McCollum et al., 2009). 

 

4.8. Trend of transport emissions from 2000 to 2009 

 

Transport CO2-eq emissions between 2000 and 2009 increased by 

39%. The increase is higher than changes observed between 1990 and 

2000. During that period, the emissions increased by 25% (DEA, 

2009; DEA, 2011).  

 

Only emissions from road transport in Gauteng are compared with 

other studies due to data limitations. Emissions from other modes of 

transport during preceding years cannot be disaggregated into 
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provinces. 

 

4.8.1. Trends in road transport GHG emissions 

 

Trends in road transport emissions are investigated using two 

approaches. The emissions are based on fuel consumption and the 

technology employed in the vehicles. 

 

4.8.1.1. Trends in road transport emissions based on fuel 

consumption 

 

Road transport CO2-eq increased by approximately 26% between 

2000 and 2009. Individual emissions increased at different rates 

during the period (Figure 4.7). Over the ten years N2O emissions 

increased by 27.34%, CO2 by 26.19% and CH4 by 14.98%. Emissions 

gradually increased except in 2008 when emissions decreased. In 

2009, for the first time since 1992, there was no growth in global 

CO2 emissions from fossil fuel use (Netherlands Environmental 

Assessment Agency, 2010). Annual changes of CO2 and N2O have 

been generally similar and are different to CH4 changes. 
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Figure 4.7: Trend of total road transport GHG emissions between 

2000 and 2009 in South Africa 

 

Between 2000 and 2009, the overall CO2 emissions f r o m  road 

transport increased at approximately 2.66% per year. The rate was 

much higher b e t w e e n  2 0 0 0  a n d  2 0 0 7  during which it was 

3.95% per year. These rates are comparable with the global changes of 

approximately 2.5% per annum since the early nineties (Netherlands 

Environmental Assessment Agency, 2011). 

 

Road transport emissions in 2008 decreased by 4% compared to the 

preceding year. In 2008, the combination of a peak in fuel prices and 

the starting eco n o m i c  recession caused a decline in global road 

transport emissions (Netherlands Environmental Assessment Agency, 

2011). Reductions in emissions in 2008 were all greater than 2% in all 

modes of road transport, except for buses and heavy duty trucks. The 

emissions in 2009 increased by approximately 0.67% over 2008 

values. All modes of road transport increased their emissions in 2009 

except for trucks. 

 

Total road transport CO2-eq emissions for Gauteng in 2007 is 

comparable with other findings (Table 4.3). Notable differences are 
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in buses (50%) and minibuses (36%). Differences in the modal results 

are generally due to vehicle classification. Road transport emissions 

fell by about 3% between 2007 and 2009 as a result of reduced 

mobility of vehicles. 

 

Table 4.3: Comparison of road transport CO2-eq ( G g )  emissions 

for Gauteng in 2007 based on own calculations and other 

studies 

 

 

 

G

e

n

e

rally, freight vehicles have higher rates of emissions increases than the 

passenger vehicles (Table 4.4). Between 2000 and 2009 emissions 

from trucks and light duty vehicles increased by 53.85% and 25.09% 

respectively. During the same period, CO2 emissions from buses 

increased by 59.18%, minibuses had 12.44% increases, and for 

motorcars the increase was 11.69%. Other GHG had similar rates of 

increase. 

 

 

 

 

 

 

 

 

Road Transportation emissions calculated in this study 

Motorcar Motor 

cycle 

Mini 

bus 

Bus LDV Truck Other Total 

6,666.70 77.39 904.01 449.82 2,698.99 3,238.14 32.77 14,067.82 

Road Transportation emissions based on EnerKey (2012) 

Passenge

r car 

Motor 

cycle 

Mini 

bus 

Bus LDV HDV SUV Total 

5,933.97 15.37 1,420.51 299.40 2,444.84 3,737.47 761.22 14,612.77 
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Table 4.4: Annual changes of road transport GHG emissions 

between 2000 and 2009 in South Africa 

 

 Annual average increases (% per year) 

CO2 CH4 N2O 

Motorcars 1.28 1.13 1.30 

Minibus 1.36 1.13 1.40 

Buses 5.37 5.04 5.38 

Motorcycle 2.31 2.31 2.31 

LDV 2.57 2.35 2.59 

Trucks 4.99 4.63 4.99 

Other 5.21 5.91 5.26 

 

Carbon dioxide emissions from diesel-fuelled vehicles have increased at 

a faster rate (48.26% in ten years) than those from petrol-fuelled 

vehicles (14.67%). For diesel-fuelled vehicles, buses have the highest 

increase of emissions with 60.86% and light duty vehicles 

experienced lowest increase with 31.35%. For  pet rol - fuel led 

vehicles ,  minibus taxis  had the lowest incre ase rate of 

9 .66% while other unknown vehicles  had highest  increase 

rate of  102.37%.   

 

Emission rates are affected by either vehicle population growth or 

distances travelled. Although the rate of increase of population of 

passenger vehicles has increased drastically with time, the rates of 

emissions and mobility of vehicles have been on a decreasing trend 

since 2003. 

 

Average national changes in CO2 emissions between 2000 and 2009 

from buses, other unknown vehicles, and heavy duty vehicles are 

highest over the period (Figure 4.8). Increases for buses and trucks are 

mostly due to increase in average annual mobility of these modes 
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while the changes for other unknown vehicles are as a result of their 

numbers. This shows that the emissions are very sensitive to 

mobility of vehicles (Thambiran and Diab, 2011). Moreover, the rates 

of  change for  buses and minibus taxis could be influenced 

by the Government‘s  taxi  recapital ization programme.  

 

 

 

Figure 4.8:  Percentage change of CO2 emissions from road transport 

by vehicle type between 2000 and 2009 in South Africa 

 

Changes of modal emissions between 2000 and 2009 vary for each 

province. Increases in road transport emissions are highest in 

Mpumalanga (56.85%), Free State (39.04%), Gauteng (27.27%) and 

the Eastern Cape (26.55%). Moreover, Mpumalanga is the only 

province that has experienced rates that exceed 20% in all vehicle 

modes. Similarly Limpopo where the rate is 3.45% is the only 

province where emissions increased by less than 10%. 

 

Changes in emissions from Limpopo are different from the rest of the 

provinces. Minibuses in this province are the only mode to have a 

decrease in emissions between 2000 and 2009, and this is despite the 
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province observing highest increases of minibus population in the 

country during the period. The decrease in emissions is therefore 

attributed to the decrease in distances travelled by the mode which is 

approximately 20% between the two years. This needs further 

investigation as most of the other provinces experienced increases in 

both the population and the mobility of the minibuses. 

 

4.8.1.2. Trends in road transport N2O and CH4 emissions based on 

vehicle technology between 2002 and 2009 

 

Between 2002 and 2009, total N2O emissions increased by 28.24%, 

while CH4 emissions increased by 25.91%. Total N2O and CH4 

emissions calculated from vehicles equipped with catalytic converters 

experienced a nearly 3-fold increase between the two years. T h e  

i n c r ea s e  i s  d u e  t o  t h e  i n c r ea s i n g  n um b er  o f  v eh i c l e s  

eq u i p p ed  w i t h  t h e  ca t a l y t i c  co n v e r t e r s  o v e r  t im e  w h i l e  

r a t i o  o f  t h e  v eh i c l e s  n o t  eq u i p p ed  wi t h  t h e  co n v e r t e r s  

i s  d ec r ea s i n g .  Similar  comparison  of  emissions  from  vehicles  

not equipped  with  catalytic  converters  between  the  two  years  

increased  by  only 11.82%. 

 

In 2002 petrol vehicles equipped with catalytic converters contributed 

only 6.54% to the N2O emissions from petrol consumption. The 

fraction increased to 17.76% in 2009. Similarly, emissions from diesel 

vehicles increased from 5.72% to 18.30% between the two years. CH4 

emissions from vehicles equipped with the converters increased 

from 5.30% to 14.73% for petrol vehicles and from 5.72% to 18.30% 

for diesel vehicles. 
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Emissions per vehicle decreased by 6.87% for N2O and 8.56% for 

CH4 between the years 2002 and 2009. These changes are despite 

average increases of the rates for vehicles not equipped with catalytic 

converters by approximately 1.5 times for petrol vehicles and 5 times 

for diesel vehicle. Changes in emissions per vehicles vary remarkably 

among provinces from about 1-2% in the Free State to 18-19% in 

Limpopo (Figure 4.9). The reduction in emissions per vehicles could 

be attributed to the technology employed in the vehicles t h a t  w e re  

bought during the seven years (2003-2009). Catalytic converters 

genera l l y reduce GHG emissions (Moriarty and Honnery, 2008). 

 

 

 

Figure 4.9: Change (%) of N2O and CH4 emissions per vehicle 

between 2002 and 2009 

 

4.8.2. Trends in emissions from other transport subsectors 

 

Emissions from domestic aviation experienced a considerable increase 

during 2000 – 2009. Nearly 6% of annual increase in emissions is 

observed. That is higher than 4% increase emissions in Europe for the 
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time period 1996 and 2005 (Bows et al., 2009). 

 

Domestic aviation emissions increased by approximately 1.40% 

between the years 2008 and 2009 and by 3.10% between 2007 and 

2009. That was low compared to changes in other developing 

countries. In India, emissions from domestic aviation increased by 

approximately 34% between 2007-2008 and 2008-2009 (Garg and 

Avishia, 2011). Unlike road transport, domestic aviation CO2-eq 

emissions obtained here are partially comparable with other studies. 

 

The 2009 aviation‘s emissions show a 1.87% decrease from the 2007 

value calculated based on the energy balances. The decrease was 

probably due to economic recession then. Calculations based on the 

2007 energy balances and EnerKey (2012) results show that Gauteng 

contributed 38.23% of the national domestic aviation CO2-eq emissions 

in 2007. This fraction is small compared to share of the province in 

2009. 

 

Changes in GHG emissions from off-road transport are huge and vary 

with time. Between 2000 and 2009, CO2-eq emissions from off-road 

transport had almost a 3-fold increase. However, off-road emissions 

decreased by approximately 25% between 2008 and 2009.  

 

On the other hand, CO2-eq emissions produced by rail transport 

decreased by 23.66% in the ten years ending in 2009. This change 

could be attributed to the continuing decline in the use of the rail 

system in the country. The uncertainty in emissions from this mode 

is based on the fact that calculations of emissions for 2000 are 

based on diesel fuel only while more fuel types were included for 

2009. 
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4.9. Uncertainties in GHG emissions 

 

Total uncertainty in the transport sector CO2 emissions in South 

Africa is approximately 16.70%. Road transport subsector has the 

largest uncertainty margin of 18.18% which also varies between 

vehicle types and fuel types (Figure 4.10). Generally, highest 

uncertainties are produced by emissions from motorcars, minibus taxis 

and off-road vehicles. Emissions from other modes of transport have 

uncertainties just higher than 5%. 

 

 

 

Figure 4.10: Uncertainty estimates in road transport GHG emissions in 

2009 

 

Emissions from diesel-fuelled vehicles have highest levels of 

uncertainties. This is influenced mainly by different uncertainties of 

fuel economies and energy values which were higher for diesel 

vehicles than their petrol counterparts. CO2 emissions from mobile 

combustion are most sensitive to diesel consumption and to total 

consumption (Olsthoorn and Pielaat, 2003). 
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Generally, uncertainties associated with transport CO2 emissions using 

Tier 1 and fuel sales are about 5% (Olsthoorn and Pielaat, 2003). 

Nonetheless, uncertainties from the overall fuel balance are usually 

lower than from assessing the sources separately (Winiwarter and 

Rypdal, 2001). 

 

The emissions calculated here are not far from what would have 

been obtained had the energy balances been used. This suggests that 

the uncertainties are not necessarily all about the overall magnitude of 

the emissions, but rather the intermodal emissions. Emissions between 

road and off-road transportations represent areas of considerable 

uncertainty. This is because these two modes are often refueled from 

the same points. Also, off-road vehicles are not classified explicitly in 

the vehicle‘s registration system and their statistics and other 

characteristics could easily be mixed with the road vehicles. 

 

********************************************** 

The chapter presented GHG emissions for the transport 

sector in South Africa in 2009. Provincial emissions 

were done for each mode of road transport only. 

Recalculations of emissions beginning in 2000 were 

done for road transport only.  Uncertainties associated 

with the emissions were also presented. 
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CHAPTER 5: INDICATORS ASSOCAITED WITH GHG 

 

This chapter presents road and aviation transport GHG 

indicators. These indicators show efficiencies and intensities 

of each mode of road transport and comparisons between the 

modes are done. Provincial road transport emissions per 

capita are investigated. Total GHG emissions per capita are  

also  done  for  the  entire  transport  sector  and  the  

results  are compared with rates for other countries. 

 

5.0. Road transport vehicle efficiencies 

 

Energy and CO2 emissions efficiencies vary between types of vehicles. 

Energy efficiencies vary from 1.61 MJ/km for petrol motorcycles to 

16.94 MJ/Km for diesel buses, and the corresponding CO2 rates are 

110.28 g/km and 1,242.51 g/km respectively (Table 5.1). These rates 

are proportional to the fuel economies of the vehicles. 
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Table 5.1:  Road transport energy (MJ/km) and CO2 (g/km) efficiency 

by vehicle and fuel type in South Africa in 2009 

 

 Fuel type MJ/km g/km 

Motorcars Petrol 3.39 232.41 
Diesel 3.21 235.70 

Minibuses Petrol 4.50 309.02 

Diesel 4.57 335.25 
LDV Petrol 3.54 242.85 

Diesel 3.12 229.09 

Buses 
Petrol 16.67 1143.85 

Diesel 16.94 1242.51 

Motorcycles Petrol 1.61 110.28 

Trucks 
Petrol 7.62 558.74 

Diesel 13.53 991.77 

Other 

unknown 

Petrol 3.15 215.87 

Diesel 5.75 421.85 

 

Diesel  engines  generally  have  higher  engine  efficiency  than  

engines  using petrol with the same engine size, particularly  at low 

engine load (Brink and Wee, 2001). Diesel vehicles operate at higher 

air-fuel ratio, about 30:1 as opposed to 15:1 characteristic of petrol-

fueled vehicles (Scorgie et al., 2004). As a result, diesel vehicles 

consume less energy per distance travelled than similar petrol vehicles. 

 

Generally, these emission rates are comparable with other results 

including Stone and Bennett, (1998); Scorgie et al., ( 2004); Wang et 

al., ( 2008); D‘Angiola  et al., (2010); Wang et al., (2010); Warren 

and Avila, ( 2010) and Zervas, ( 2010). Moreover, the results obtained 

here are comparable to that of other BRICS (Brazil, Russia, India, 

China, and South Africa) countries (Table 5.2). However, this indicator 

does not adequately compare modal efficiencies within and outside the 

country. 
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Table 5.2: Modal energy per distance (MJ/km) in BRICS countries in 

2009 (Data obtained from IEA) 

 

 Motorcycles Trucks LDV Mass 

Transport 

Medium 

trucks 

Motorcars 

Brazil 1.6

7 

17.08 6.19 9.91 10.84 3.71 

China 0.4

9 

11.72 6.24 8.63 11.30 3.80 

India 1.4

3 

17.08 4.57 11.81 9.97 2.55 

Russia 1.3

7 

13.86 3.55 4.58 7.06 2.61 

 

5.1. Energy and CO2 modal intensities in South Africa in 2009 

 

Energy consumption of all modes of transport and associated emissions 

are best compared using their modal intensities. Aviation transport is 

the most energy intensive mode of transport in South Africa. On the 

other hand, rail is the most energy efficient mode of transport in 

terms of the energy expended per passenger-kilometre (Winkler et al., 

2006). However, rail uses electricity as a primary source of energy. 

The efficiency in road transportation greatly varies between the modes 

concerned. 

 

5.1.1. Road transport moda l  energy intensity 

 

Energy intensities of different road transportation vehicles in South 

Africa vary between the modes and provinces (Table 5.3). At the 

national level, the intensities range from 1.88 MJ/Pass-km (Pass-km; 

passenger-kilometres) for motorcars to 0.11 MJ/Pass-km for 

minibuses. 
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Table 5.3: Road transport modal energy intensity in South Africa in 

2009 

 

 GA KZ WC EC FS MP NW LI NC 

 Passenger vehicles (MJ/Pass-km) 

 Petrol 

Motorcycles 1.72 1.67 1.64 1.66 1.66 1.83 1.74 1.78 1.69 

Motorcars 1.97 1.53 1.94 1.76 2.02 2.51 1.44 1.87 1.93 

Minibuses 0.14 0.06 0.20 0.08 0.17 0.17 0.08 0.05 0.13 

Buses 0.66 0.08 0.54 0.20 1.26 0.36 0.16 0.09 0.88 

 Diesel 

Motorcars 1.75 0.79 2.11 0.86 2.15 1.69 0.74 0.89 1.58 

Minibuses 0.14 0.07 0.21 0.09 0.17 0.17 0.08 0.05 0.13 

Buses 0.67 0.08 0.55 0.20 1.28 0.37 0.16 0.09 0.89 

 Freight vehicles (MJ/Ton-km) 

 Petrol 

LDV 1.19 1.20 1.17 1.19 1.20 1.21 1.19 1.23 1.20 

Trucks 0.30 0.31 0.30 0.31 0.31 0.31 0.31 0.32 0.31 

 Diesel 

LDV 1.05 1.06 1.03 1.05 1.06 1.07 1.05 1.08 1.06 

Trucks 0.54 0.55 0.54 0.54 0.55 0.54 0.55 0.57 0.55 

 

The results show that motorcars and motorcycles are the least 

efficient modes in road transportation. These show that the energy used 

per passenger-kilometre is huge and this is associated with the current 

low occupancy rates of these modes. Motorcars are the most energy 

intensive modes for short distance travel (Akerman and Hojer, 2006). 

Minibus taxis are the most energy efficient mode of road passenger 

transportation. This is because largest number of passengers in the 

country uses this mode compared to other modes. Buses also have 

low modal intensities. 

 

Public transportation modal intensities in the Free State are generally 

higher than in other provinces. Modal intensities of public 
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transportation in KwaZulu Natal and Limpopo are lower than their 

counterparts in other provinces. Private road transportation intensities 

in Mpumalanga are higher than in other provinces. 

 

The intensities observed in South Africa are generally similar to 

other developing countries. The major difference is that minibus taxis 

in other developing countries have intensities much higher than in 

South Africa. On the other hand, motorcycles in  other  developing 

countries  have lower intensit ie s  than their  counterparts  in 

South Africa.   

 

For freight vehicles, the intensities are 0.52 MJ/Ton-km (Ton-km; tonne 

kilometres) for heavy duty vehicles and 1.14 MJ/Ton-km for the LDVs. 

The intensities are consistent with the results of Haw and Hughes 

(2007). In this category light duty vehicles have highest energy 

intensities. Nationally, the energy intensities in this mode are nearly 

twice the values for heavy duty vehicles. The differences between 

provincial freight transport intensities are also vast. Freight vehicles in 

Gauteng still have largest modal intensities. 

 

5.1.2. Aviation energy modal intensities 

 

Aviation transport modal intensities are higher than modal intensities 

calculated for road transport. Modal energy intensity for aviation 

was calculated to be approximately 4.63 MJ/Pass-km in South Africa. 

Aviation is generally more energy intensive than any other mode of 

transport (Becken, 2008; Laird, 2011). 
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5.2. CO2 modal intensities 

 

This section presents CO2 modal intensities for road and aviation 

transport. This study establishes that modal intensity for aviation is 

higher than that of road transport and probably every mode of transport 

in the country. 

 

5.2.1. Road transport CO2 modal intensities 

 

Carbon dioxide intensities vary widely between vehicle modes. 

Modal intensities in grams per passenger-kilometre (g/Pass-km) for 

passenger vehicles at a national level are dominated by motorcars, 

while minibuses have lowest intensities (Table 5.4). Both energy and 

CO2 modal intensities suggest that public transport is overworked in the 

country and private transportation is underutilized. Occupancy rates of 

motorcars and motorcycles are low. Trucks have nearly half of modal 

intensities of light duty vehicles. 

 

 

 

 

 

 

 

 

 

 

 

 



91  

Table 5.4:  Road transport CO2 modal intensities in South Africa in 

2009 

 

 GA KZ WC EC FS MP NW LI NC 

  

Passenger vehicles (g/Pass-km)  Petrol 

Motorcycle 118.3 114.9 112.2 113.6 113.7 125.8 119.1 122.4 115.9 

Motorcars 134.8 104.8 133.2 120.8 138.9 172.2 99.1 128.5 132.5 

Minibuses 9.3 4.4 13.9 5.8 11.7 11.5 5.3 3.3 9.0 

Buses 45.3 5.1 37.2 13.8 86.6 24.8 11.0 6.3 60.2 

 Diesel 

Motorcars 136.7 106.3 135.0 122.5 140.9 174.6 100.5 130.3 134.4 

Minibuses 10.1 4.8 15.1 6.3 12.7 12.5 5.8 3.6 9.7 

Buses 49.2 5.6 40.4 15.0 94.1 26.9 11.9 6.8 65.4 

 Freight vehicles (g/Ton-km) 

 Petrol 

LDV 81.4 82.6 80.0 81.7 82.4 82.8 81.6 84.1 82.0 

Trucks 22.2 22.6 22.2 22.4 22.6 22.5 22.6 23.5 22.9 

 Diesel 

LDV 76.8 77.9 75.5 77.1 77.7 78.1 77.0 79.3 77.4 

Trucks 39.4 40.1 39.4 39.8 40.1 39.9 40.2 41.7 40.7 

 

The road transport energy and CO2 modal intensities calculated for 

2009 are comparable with values in the literature. Energy intensities 

are similar to the estimates of Haw and Hughes (2007) while the CO2 

figures are comparable to the Ribeiro et al., (2007) values. 

 

Modal intensities for passenger vehicles in 2009 have increased from 

2003. The highest and lowest changes are associated with the buses 

and minibuses (Figure 5.1). That is caused by the different changes 

i n  populations for the two categories between the two years. 

Generally, numbers of buses increased and minibuses either had 

minimum increases or remained constant depending on the province. 

Moreover, the changes indicate that vehicle ownership is increasing 
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and the occupancy rates of the vehicles are decreasing. High increases 

in Limpopo may also be influenced by the observation that number 

of people in Limpopo decreased between 2003 and 2009 as per 

national statistics. 

 

 

 

Figure 5.1: Change in road transport modal intensities between 2003 

and 2009 

 

5.2.2. Aviation CO2 modal intensities 

 

Aviation modal intensity in South Africa in 2009 was 330.47 gCO2-

eq/Pass-km. This is comparable with the intensities in other countries. 

On average, India‘s domestic carriers had 270 gCO2-eq/Pass-km in 

2008–2009 where individual airlines emissions ranged from 151 to 

444 gCO2-eq/Pass-km (Garg and Avishia, 2011). These values were 

lower than those for the preceding year. 
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5.3. Road transport CO2 emissions per capita 

 

Road transport CO2 emissions per person vary considerably among 

provinces. Emissions per person are highest in Gauteng and 

Mpumalanga and lowest in Limpopo and the Eastern Cape (Figure 5.2). 

This suggests that people in Gauteng and Mpumalanga are the most 

mobile people in the country. 

 

  

 

Figure 5.2: Provincial road transport CO2 per person in South 

Africa 

 

Between 2000 and 2009, CO2 emissions per capita have increased in 

all provinces but Gauteng, the Western Cape and the Northern Cape. 

The highest increases are in the Free State, the Eastern Cape and 

Mpumalanga. The emissions per capita are affected by different 

demographical and emission change rates between the years. 
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5.4. Transport CO2 emissions per GDP 

 

At the national level, transport CO2 emissions per population and GDP 

are 1091.16 Kg/capita and 101.93 g/PPP (2000 Purchasing Power 

Parity (PPP) value) respectively. The ratio of emissions per 

population is higher than that of Africa and it is equivalent to the 

global average. The rate is higher in South Africa than in most of the 

other developing countries (Figure 5.3). Compared to the developed 

countries, the emissions per population in South Africa are generally 

lower. South Africa's emissions per GDP are slightly lower than global 

average and they are similar to the average of Africa. 

 

 

 

Figure 5.3:  Transport sector CO2 (Kg) per capita and GDP for 

selected countries in 2009 

 

Transportation of a person using road vehicles in South Africa yields 

approximately a kilogram of CO2. South Africa‘s CO2 emissions per 

capita are marginally higher than the global average. They are also 
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higher than those from other BRICS countries except Russia. 

Compared to Africa, South Africa‘s emissions per capita are notably 

high. 

 

************************************************ 

This chapter presented both energy and CO2 indicators for 

road and aviation transportations. It discussed energy and 

CO2 intensities for these modes. Efficiency was done for 

road transport. Emissions per GDP and emissions per capita 

were also presented. 
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CHAPTER 6: SUMMARY AND CONCLUSIONS 
 

 

Findings of this study are summarized in this chapter. 

GHG emissions from different modes of transport in each 

province are presented. Emissions from rail and 

waterborne activities are aggregated national totals based 

on national energy balance data. 

 

6.0. CO2 and CO2-eq gas emissions in 2009 

 

Transportation activities produced a total of 54,296 Gg of CO2 

equivalent emissions in 2009. Approximately 80% of the emissions 

are from road transport, 13% from off-road transport and 6% from 

domestic aviation. Motorcars and heavy duty vehicles make a combined 

contribution of nearly 70% of the total emissions from road transport. 

Other important points are presented below; 

• Transportation of passengers by road produce 51.33% 

of the road transport‘s total. 

•    Gauteng accounts for 31.25% of the emissions from road 

transport. 
 

• Gauteng is the largest producer of domestic aviation 

emissions with 66.92% of the total CO2 emissions. OR 

Tambo International accounts for about 95.68% of the 

provincial domestic emissions, and the airport 

contributes about 64.02% of the national emissions. 

•   Railways contribute less than a percent of the sector‘s 

emissions. 

 Emissions from waterborne t r a n s p o r t  cannot be 

quantified due to unavailable data. 
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6.1. Emissions of CH4 and N2O 

 

Unlike CO2, the transport sector emits small amounts of CH4 and N2O. 

Characteristics of emissions of these gases are similar to those of 

CO2 discussed above. 

 
• A total of 14.62 Gg of CH4 is emitted by the transport sector. 

 
• Similarly, a total 2.59 Gg of N2O is emitted by the sector. 

• Approximately 94.78% of these emissions are from road 

transport. 

 

6.2. Trend in road transport emissions 

 

Road transport emissions are continually increasing with time. The rates 

of emissions are slightly higher than global estimates. The rates also 

vary between provinces and to some extend between modes. 

• CO2-eq emissions have increased by approximately 

37% between 2000 and 2009. 
 

• Economic recession in 2008 and 2009 affected 

purchases of new vehicles and the overall mobility of 

vehicles. That resulted in the reduction of emissions over 

the 2007 figures. 

• On average, the emissions grew by 2.66% per year. 
 

• CO2 emissions from buses increased by 59.18% 

between the ten years, and the emissions from trucks 

rose by 53.85%. 
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6.3. Emissions’ indicators from road transport 

 

• There is a general decrease of emissions per vehicle 

kilometre in the small vehicles. Heavy vehicles show 

an increase of emissions per distance travelled. 

Minibuses have lowest modal intensities in terms of 

passenger kilometres. For freight transport, heavy duty 

vehicles are the most efficient mode. 

• Road transport CO2 emissions per capita per province 

vary from province to province. They range from below 

400 Kg per person in Limpopo to over 1200 Kg per 

person in Gauteng. 

• South Africa‘s CO2 emissions per GDP are slightly lower 

than global average and slightly higher than Africa‘s 

average. However, the total emissions per capita are 

marginally higher global average. 

 

6.4. Uncertainties 

 

Empirical analysis is always accompanied by some uncertainties. Total 

uncertainties in CO2 emissions are estimated to be approximately 

16.70%. Road transport has highest uncertainty level of 18.18%. Major 

uncertainties are in the shares of the emissions between the modes of 

transport and their fuel consumption profiles rather than the overall 

total of the emissions. 
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6.5. Remarks 

 

This  work  provides  the  first  synoptic  transport  GHG  emissions  for 

each  province, vehicle type and fuel type in South Africa. It presents 

basic data necessary for mitigation plans in the country. Although it 

gives comprehensive overview of the transportation emissions, future 

research ideas that can enhance knowledge of emissions‘ profile of the 

sector can be obtained. However, data availability and quality remains 

a key challenge that needs urgent attention. 
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