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Abstract 6 

Since 2008 more than half of the world’s population lives in urban areas. At the same time, the 7 

contribution to both economic output and to climate change made by cities is far greater than the 8 

proportion of the global population they host. Cities, however, are not all the same, and the per capita 9 

carbon footprint of cities is a powerful indicator of the great variety between different cities in terms of 10 

their impact on climate change. The literature on this topic has made a useful contribution to our 11 

understanding of urban areas in these terms, how they represent a solution for reducing anthropogenic 12 

carbon emissions, or conversely how they represent themselves the problem. On the other hand, much has 13 

been said on the difference among the world’s cities, in terms of their contribution to climate change. The 14 

main drivers range from the physical shape of the city, to its socio-economic profile. 15 

This study, however, will push the debate in a different direction in an attempt to seek a more complete 16 

perspective by placing cities in their proper national context, and takes the ratio between a city’s and its 17 

country’s per capita carbon footprint as unit of analysis. Two explorative case studies, on Sao Paulo and on 18 

Cape Town, shed light on the dimensions that explain the relative performance of cities. In particular, the 19 

findings of the research draw attention to the economic structure of the city and of the country (i.e. the 20 

array of economic activities), the level of income and the range of sources used to produce energy. The 21 

present reflection is particularly useful for national and local urban policy makers. The former will gain 22 

insights to understand under which conditions cities are a solution to lower the national level of emissions, 23 

i.e. what are the particularities of a specific urban form vis-à-vis its own national context. The latter will 24 

have indications on how to draw environmental priorities, based on the feasibility and the expected 25 

returns. 26 
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Introduction 1 

Cities host, since 2008, more than half of the world’s population (UNFPA, 2007). At the same time, the 2 

contribution to both economic output and to climate change made by cities is far greater than the 3 

proportion of the global population they host. Cities generate more than 80 per cent of the global GDP 4 

(McKinsey Global Institute 2011) and are said to be accountable for 75 per cent of global energy 5 

consumption and 80 per cent of GHG emissions (UN, 2007). It is therefore evident, as the executive director 6 

of UNEP Achim Steiner has said, that "the decoupling of economic growth from the consumption of natural 7 

resources will only happen if cities are committed and on board" (uncsd2012.org). Cities, however, are not 8 

all the same, and the per capita carbon footprint of cities is a powerful indicator of the great variety 9 

between different cities in terms of their impact on the climate. The literature on the topic has made a 10 

useful contribution to our understanding of urban areas in these terms, how they represent a solution for 11 

reducing anthropogenic carbon emissions or how they represent themselves the problem. On the other 12 

hand, much has been said on the difference among world’s cities, in terms of their contribution to climate 13 

change. Important drivers range from the physical shape of the city, to its socio-economic profile. 14 

This study, however, will push the debate in a different direction in an attempt to seek a more 15 

complete perspective by placing cities in their proper national context, and takes the ratio between a city’s 16 

and its country’s per capita carbon footprint as unit of analysis. Going beyond the consideration of the 17 

particularities of the urban form and the ranking between cities’ carbon footprint, this study suggests a 18 

new approach at the meeting point between these two perspectives. Through two explorative case studies, 19 

the aim of this approach is to understand what are the factors that make a specific city performing, on a 20 

per capita basis, better or worse than the country it belongs to, and to compare the two cities in these 21 

terms. In an historical moment where the world is becoming urban and cities are protagonists of social, 22 

economic and cultural dynamics, the present reflection is particularly useful for national and local urban 23 

policy makers. At the national level, policy makers will gain insights to understand under which conditions 24 

cities can be a solution to lower the national level of emissions, i.e. what are the peculiarities of a specific 25 
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urban form vis-à-vis its own national context. At the local level, they will have indications on how to draw 1 

environmental priorities, based on the feasibility and the expected returns. 2 

1. Material and methods 3 

1.1. Measuring the Urban Impact on the Environment 4 

Cities are complex social and ecological systems that interact with the rest of the world. Cities are 5 

nodes where flows of people, energy, goods, as well as immaterial flows of ideas, money and modes of life 6 

converge. While all these flows are linked, studies on the environmental performance of cities concentrate 7 

rather on the flows of materials and energy and on the so called urban metabolism (see for instance Decker 8 

et al., 2000). Nested in this concept, the estimation of the ecological footprint is the calculation of the 9 

“amount of biologically productive land and sea required to produce the renewable resources this 10 

population consumes and assimilate the waste it generates” (Wackernagel et al., 2006:104). The ecological 11 

footprint is composed of different dimensions, to include the solid, liquid and gaseous in and out-flows. 12 

One important dimension of the ecological footprint is the level of emissions of greenhouse gases (GHG) in 13 

the atmosphere, also called the carbon footprint1. This has been taken as unit of analysis for this study, as it 14 

represents one of the most significant “out-flows” from a city with consequences worldwide. The scope of 15 

this analysis, moreover, requires a degree of comparability and data availability. In this sense, the level of 16 

GHG emissions, for which data are increasingly available for cities and countries, can be taken as a 17 

“common currency” to which most anthropogenic contributions to climate change are converted, allowing 18 

for quantitative analysis and correlation to other variables. 19 

A way of presenting a city’s carbon footprint is the compilation of a GHG inventories. Hoornweg et al. 20 

have recently put together what is today one of the broadest lists of comparable GHG inventories of 21 

world’s cities, and their respective countries (Hoornweg et al., 2011). This list represents the starting point 22 

                                                           

1
 According to the survey of the literature developed by Wiedmann and Minx on the different uses of the expression it is broadly 

accepted that “carbon footprint stands for a certain amount of gaseous emissions that are relevant to climate change and 

associated with human production or consumption activities” (Wiedmann, and Minx, 2008:2) 
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of the present research. To date, there is no method for allocating GHG emissions to cities that has reached 1 

consensus, the main issue concerning the determination of the boundaries of analysis. GHG emissions, in 2 

fact, can be attributed to the spatial location of the actual release, or to the location of the activity that led 3 

to the GHG release (Vandeweghe and Kennedy, 2007). At the national level, the IPCC guidelines on how to 4 

compile annual inventories of GHG emissions (and removals) recommend considering only the emissions 5 

that originate within the legal boundaries (IPCC, 2006). On the other hand, the methodology developed by 6 

WRI/WBSCD2, for calculating the GHG emissions of corporations and other institutions, has introduced the 7 

concept of ‘scope’ of emissions enabling companies to distinguish between emissions from facilities that 8 

they own or control, and emissions that result from broader company activities. 9 

According to Kennedy et al. (2009b:6), “procedures for attributing GHG emissions to urban areas lie 10 

somewhere between those used for national inventories and those for corporate inventories”. Similarly to 11 

national inventories, urban inventories calculate the emissions of a spatially defined area such as that 12 

within a municipal boundary. Similarly to the WRI/WBCSD reporting, in turn, urban inventories might 13 

include emissions occurring outside the legal area, if they are a consequence of urban activities, 14 

acknowledging in this fashion the multiple cross-border flows of energy, goods and people (KATES et al., 15 

1998). Finally, an alternative methodology (not very common, indeed) is to base the attribution of the 16 

emissions on place of residence of the individuals responsible for them (See for instance Brown et al., 17 

2008). This study is based on GHG inventories that include the emissions taking place within the city 18 

boundary and those deriving from the production of energy and waste, even if they are released outside of 19 

the city, such as the ICLEI’s International Local Government GHG Emissions Analysis Protocol (See Kennedy 20 

et al., 2010). 21 

This methodology looks at sources of GHG release from a “production” perspective: while it includes 22 

the emissions deriving from the production of goods and services that take place in a city (the only 23 

exception being energy and waste), it does not take into account the emissions from goods and services 24 

                                                           

2
 World Resources Institute / World Business Council for Sustainable Development 
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which are consumed inside the city but come from outside (from a “distant elsewhere” according to Rees 1 

words, 1992:121). The use of the production perspective in this study is due to data availability, yet its use 2 

is not immune from critiques (for discussion on these themes see, among others, Dodman 2009a, Kates et 3 

al. 1998, Ramaswami et al. 2008, Satterthwaite 2008). The production perspective is blamed to be unjust, 4 

as it distorts the actual responsibility of those cities which “outsource” polluting activities, purchasing from 5 

the outside carbon-intensive goods and energy (Dodman 2009a). On the other hand, this methodology has 6 

advantages in terms of policy implications, as it highlights opportunities for reducing GHG emissions where 7 

local institutions can successfully intervene (Kates et al. 1998). In terms of fairness, moreover, it is to be 8 

questioned if the actual responsible for GHG emission is a consumer of a carbon-intensive good, or a 9 

producer that does not adopt energy-saving production techniques. 10 

To offer a solution, UNEP, UN-HABITAT, and the World Bank have recently developed a standard for 11 

measuring GHG in cities which partly takes into account both perspectives (2010). They recommend that 12 

GHG inventories for cities use the principles and methods developed by the IPCC (production perspective). 13 

However, they also recognise that “the vitality of cities gives rise to the production of GHG emissions 14 

outside of urban boundaries” (consumption perspective). While it might be too complex to quantify all of 15 

the emissions associated with the myriad of goods and materials consumed in cities, urban GHG inventories 16 

should be including out-of-boundary emissions from the generation of electricity and district heating 17 

consumed within the boundary of the city, emissions from aviation and marine vessels carrying passengers 18 

or freight away from cities; out-of-boundary emissions from waste that is generated inside cities. Finally the 19 

GHG emissions embodied in the food, water, fuels and building materials consumed in cities should also be 20 

reported as additional information items. As soon as the number of urban GHG inventories using these 21 

standards will increase, it will be possible to compare cities taking better into account the ‘consumption’ 22 

side of the carbon footprint. 23 

1.2. The rationale behind the “Relative Carbon Footprint” 24 

There are different ways to analyse and to compare cities level of GHG emissions. The first concerns 25 

the potential of the urban form to magnify or to reduce the human impact onto the environment. This 26 
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approach focuses on characteristics of cities, such as the concentration of people and resources, and 1 

assesses whether the way of life they lead to has a lower or a higher impact on the environment than the 2 

rural or sub-urban way. The second type of analysis concerns the absolute level of a city’s GHG emissions. 3 

This approach leads to rank different cities according to their level of GHG emissions, and to analyse the 4 

variables related to cities good or bad performance. The present study suggests a different entry point, 5 

which combines these two perspectives on cities. Starting from the urban GHG inventories, the unit of 6 

analysis is a city’s ‘Relative Carbon Footprint’ (RCF), defined as the ratio between a city’s per capita level of 7 

GHG emissions and the respective country’s level, expressed in tonnes of Carbon Dioxide equivalent 8 

(tCO2e3). 9 

RCF (tCO2e)= City per capita GHG emissions / Country per capita GHG emissions 10 

Studying the RCF means exploring the difference between the per capita level of GHG emissions of a 11 

city and the level of the country as a whole, and then the difference between cities in these terms. This 12 

perspective allows ranking different cities of the world, while taking in consideration their national context 13 

and the potential of their specific urban profile. On the other hand, it also allows measuring the potential of 14 

one concrete urban reality. This goes beyond the mere analysis of the peculiarities of the urban reality, and 15 

“localises” the analysis on specific cases. 16 

The study of cities’ RCF and the comparison between cities according to this value can be particularly 17 

useful for policy makers to address both urbanisation and environmental issues. At the national level this 18 

offers concrete insights on the conditions under which cities are a driver of the national GHG emissions or 19 

are a solution for reducing them. At the local level this may offer indications on the issues that need to be 20 

prioritised for achieving environmental goals, based on the feasibility of certain policies and the expected 21 

returns. For instance, policies to improve the city performance in a certain sector by uniforming it to the 22 

national level are more likely to succeed than policies going against the national trends. Furthermore, data 23 

on the relative performance of cities offer a useful indications, as they highlight the achievements of a city, 24 
                                                           

3
 “concentration of CO2 that would cause the same amount of radiative forcing as a given mixture of CO2 and other GHG” – IPCC 

2001 



Nicola da Schio 9/33 
Green Cities vs. Green Countries 

regardless of its absolute level of GHG emissions which might depend on its degree of development or its 1 

geographic location.  2 

The measurement of the carbon footprint of cities comes in a context where the governance and 3 

management of urban areas becomes increasingly sophisticated and data on the state of a city and on 4 

major urban dynamics are required. These include statistics of urban competitiveness, gross metropolitan 5 

product and material flows, among others. In other words, many of the measures that are currently 6 

recorded for nations are also needed for urban areas (Kennedy et al., 2009b). This research contribute to 7 

fill that gap. The analysis of the drivers of RCF is useful to develop a new perspective for looking at cities 8 

environmental impact. This has been carried out through the study of two cities, with a per capita level of 9 

emissions respectively lower and higher than the national level. The achievement of the research is 10 

twofold: on the one hand it contributes to collect and record the data at the city level to gain a better 11 

understanding of the RCF of these cities, on the other it helps identifying what are the indicators that need 12 

to be collected to draw more complete environmental profile of cities. 13 

 14 

Figure 1. City ranking in terms of Relative Carbon Footprint and Absolute Carbon Footprint 15 

 16 



Nicola da Schio 10/33 
Green Cities vs. Green Countries 

1.3. Methodology 1 

After a broad overview of the research on the carbon footprint of cities, this study develops two 2 

explorative case studies. The two cities that have been analysed are Sao Paulo (GHG/capita = 1.47 tCO2e; 3 

RCF=0.125) and Cape Town (GHG/capita = 10.21tCO2e; RCF = 1.030). The motivations of the choice of 4 

these two cities are diverse. The first criterion concerns the availability and the comparability of data on the 5 

level of GHG emissions. The paper of Hoornweg et al. (2011) mentioned above, presents a list of the per 6 

capita level of GHG emissions of ninety-three cities. From this list, only the data of forty cities are peer 7 

reviewed and considered to be comparable, which limits significantly the choice of cities. To explore the 8 

RCF in a comparative way, moreover, it has been useful to select two cities that present similar conditions, 9 

except for the relative carbon footprint. This helps identifying what might be the characteristics of the city, 10 

which are distinctive of its particular situation. In fact, while they present very different RCF, Sao Paulo and 11 

Cape Town present similar demographic and economic characteristics, at least in comparison to the other 12 

cities of the list. 13 

First of all, the countries where the two cities are located, Brazil and South Africa, are relatively similar 14 

in terms of human development (UNDP 2011). Sao Paulo and Cape Town are also relatively similar. While 15 

the total population of the two cities is quite different (Sao Paulo has 11,038,000 inhabitants and Cape 16 

Town 3,497,000 4), they both host a similar share of the national population, respectively six and the seven 17 

per cent. Their economic performance in relation to their countries is also relatively similar. It is estimated 18 

that Sao Paulo produces 14.2% and Cape Town produces 18.5% of the respective national GDP. Finally the 19 

income per capita that is calculated for the two cities is also relatively similar, and equals to 20,384 current 20 

US Dollars for the Brazilian city and to 21,446 US Dollars for the South African one. Respectively this level of 21 

income corresponds to the 352% and the 392% of the national income. To be clear, it is not assumed that 22 

the two cities are necessarily more representative of the total than any other couple of cities, as the 23 

                                                           

4
 Except when it is specified otherwise, all data at the city level are from citymayor.com; and all data at the national level are from 

databank.worldbank.org 
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purpose of this research is the identification of relevant dynamics that play a role in determining the 1 

relative performance of cities, rather than providing a general answer. 2 

The data of the GHG inventories of the two cities and the two countries have been disaggregated and 3 

recombined in order to have comparable categories5. For each of the categories a specific Relative Carbon 4 

Footprint has been calculated. These data have provided an immediate picture of the details of RCF, 5 

including the contribution of each of the categories to the final result (see Appendices). An analysis of the 6 

physical and socio-economic profile of the city and of the country has allowed explaining the results. 7 

Finally, comparing the findings of each of the cities has led to the identification of the commonalities 8 

between the two cities as well as the discrepancies, which helps explaining the different value of RCF. 9 

2. Results 10 

2.1. The Unicity of the Urban Form 11 

Cities are often blamed to be a major contributing factor for climate change, in statements such as the 12 

following. “Cities only occupy two percent of the world’s land mass yet contribute more than two-thirds of 13 

global greenhouse gas emissions” (Clinton Climate Initiative). Or again “...cities influence the climate on a 14 

global scale, for around 80 per cent of the greenhouse gases that affect the climate are emitted in cities…” 15 

(Munich Re Group 2004:2)6. In other circumstances, cities are considered to be the solution for reducing 16 

the anthropogenic impact on the environment, and they are defined as “incubators of green innovation” 17 

(UNEP2011a:464), or the “greatest invention to makes us greener”, thanks to the higher concentration of 18 

population and resources (Glaeser 2011). In fact, the urban form leads to lower per capita lower 19 

consumption of energy in several parts of the world. It has been calculated that the per capita energy 20 

demand in cities equals to 94% of the regional level in European Union, 88% in Australasia, and 99% in the 21 

                                                           

5
 The fact that the various inventories are not directly comparable highlights, once again, the need of developing a common 

standard in the field 

6
 See Satterthwaite 20089, for a comprehensive review of the topic 
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United States (IEA and OECD 2008:182). However, this might be due to a simple shift of polluting activities 1 

outside the city boundaries, to other parts of the country and of the world. 2 

In his recent book on “the Triumph of the City”, Glaeser shows how the population density allows for 3 

shorter car trips while moving between house, work and places of leisure. He also points out that in cities 4 

housing units are normally smaller and thus need less energy for heating and cooling (Glaeser 2011). 5 

Similarly Dodman (2009b:6), highlights how the urban form can lead to an overall reduction of human 6 

related carbon emissions. The fact that cities concentrate economic activities and people might produce 7 

economies of scale in the provision of services and encourage the use of means of transport other than the 8 

private car. The proximity of people and activities, moreover, leads to a greater exchange of opportunity 9 

and ideas, where an already highly networked environment allows testing and scaling new technologies for 10 

an average of renewable technologies patents much higher than in the countryside (UNEP2011a:464; 11 

Kamal-Chaoui and Robert 2009). Similarly to this principle of knowledge spillover, cities often present 12 

patterns of “resource spillover” and “metabolic efficiency”. This allows to take advantage of the 13 

externalities of the activities of other people, provided that they are physically nearby, for an overall lower 14 

use of economic and environmental resources (Mehaffy, 2012). 15 

Different dynamics, however, might contribute to the low use of energy that characterises many cities 16 

today, i.e. industries that have been driving the prosperity of cities in the past are now operating 17 

elsewhere. This appears evident when looking at the case of Chinese cities, where the per capita energy 18 

consumption in cities is 1.8 times higher than at the national level (IEA and OECD 2008:182), because often 19 

industries are still located inside cities. In other cities, relocating polluting activities in the suburbs might 20 

have been used as a strategy to reduce environmental problems in cities, while maintaining the same 21 

pattern of consumption (Bai, 2002). The higher level of per capita income that is often present in cities, in 22 

fact, might lead to higher levels of consumption and to related pollution, whether or not the actual release 23 

of emissions takes place in cities. In any case, the existence of these different (and indeed contradicting) 24 

trends highlights the need of an adequate methodology to explore the underlying issues, and develop 25 

analysis and comparison between different cases 26 
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2.2. The carbon footprint of cities, a varied panorama 1 

Whatever is the actual level of emissions that can be allocated to cities, individual cities present very 2 

different levels, e.g. ranging from cities like Rotterdam, in the Netherlands, with 29.8 tCO2e/capita, to 3 

other like Rajshahi, in India, with 0.8 tCO2e/capita (Hoornweg et al., 2011). It is difficult to identify one 4 

single variable that explains clearly and univocally the different levels of emissions. The literature, however, 5 

indicates a series of dimensions that play a role in lowering or increasing a city’s GHG emissions. In very 6 

general terms, there are two factors that contribute to the absolute level of emission in a city. These are 7 

the mode of energy production, i.e. the type of fuel that is used to produce energy, and the amount of 8 

energy consumed by the urban activities, including, for instance, the energy used to produce electricity and 9 

the energy which is directly employed to move machines and cars, and to heat buildings. The former often 10 

depends upon national or regional dynamics, and has only marginally to do with urban policy making. The 11 

latter, on the other hand, is directly dependent upon the characteristics of the city itself, and is therefore 12 

more relevant for the governance of the city and for the policies to direct urban development. These 13 

characteristics either refer to the physical aspect and geography of the city, or to or the socio-economic 14 

activities taking place in the city. 15 

One of the most important characteristics, which has been among the first ones to be explored, is the 16 

population density. This has a direct impact on the use of private car as a mean of transport and on average 17 

fuel consumption (Newman and Kenworthy, 1989). Increased density, moreover, reduces the energetic and 18 

financial costs of linear infrastructure provision (Dodman, 2009b; Rickwood et al., 2008). Similarly, the 19 

urban shape and the level of connectivity play an important role in accentuating or reducing the 20 

consequence of the urban density, as it is strictly intended (Dodman, 2009b:4). Also the design of the 21 

buildings (e.g. the number of floors, the age of a building or the construction material) has a direct impact 22 

on energy related GHG emissions, both during the construction and maintenance of the building shell 23 

(embodied energy) and during the use of the building for commercial or residential purposes (operational 24 

energy) (Rickwood et al., 2008). Finally, an important factor is the average temperature, which directly 25 

depends upon the geographic location of the city, (e.g. latitude and altitude), but also on endogenous 26 
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factors, such as the so called urban “heat island” effect (Among other, OECD 2010:70-71). While average 1 

temperature influences the city emissions in different ways, e.g. the average use of non-motorised means 2 

of transport and the emission from waste, the most important dimension is to be found within the building 3 

sector. Colder cities are likely to have higher emissions related to heating systems in winter, whereas 4 

warmer cities are likely to have higher emissions related to cooling system in summer (Glaeser and Kahn, 5 

2010; UN-Habitat, 2011). 6 

The second type of factors driving GHG emissions in cities concerns the urban socio-economic profile. 7 

One of the most evident factors falling into this category is the level of income of the city. Oftentimes, 8 

higher income leads to higher levels of consumption, including energy consumption and generation of 9 

waste, which in turn leads to higher GHG emissions per capita (Satterthwaite, 2008). The cultural 10 

dimension has also an important impact onto the urban dynamics, as it has the potential of shaping the 11 

behaviour of individuals. The UNDP, for instance, recognizes that public awareness of the condition of the 12 

environment might be one of the most important driving forces for environmental improvement worldwide 13 

(UNDP, 2002). This is particularly clear in the cases where the “green political culture” drives the 14 

environmental performance of the city (see for instance Walker, 2007, for San Francisco, California). Finally, 15 

restrictive legislation in matters of land use and real estate development leads to a lower level of emissions 16 

related to energy consumption, as it shapes the characteristics of the built environment and the 17 

consequent energy consumption (Glaeser and Kahn, 2008) . While they have been illustrated separately, it 18 

is important to acknowledge that geographic and socio-economic factors are in continuous mutual relation. 19 

For instance, the geographic characteristics of a city (e.g. its position near by the coast or a river) are likely 20 

to have an impact on its economic prosperity; on the other hand the urban demography might lead to 21 

direct consequences on the population density. 22 

2.3. Sao Paulo and Cape Town. Two case studies to explore RCF 23 

The previous sections have illustrated the peculiarities of cities and their potential of magnifying or 24 

reducing the human impact onto the environment, and the variety that exists among different cities and 25 

their carbon footprint. This section goes further, and merges the two perspectives by exploring the RCF as 26 
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unit of analysis and of comparison. The graph below (Figure 2) is an elaboration of the data from Hoornweg 1 

et al. (2011:5-6). The horizontal axis reports the level of GHG emissions measured at the city level, and the 2 

vertical axis reports the level of GHG emissions for the country where the city is located in. The graph gives 3 

an immediate picture of the cities’ footprint as opposed to the national one. On the left of the bisector, 4 

there are the cities that are performing better than the country they are located in (i.e. RCF < 1). The 5 

majority of the cities for which the data is available is positioned in this region of the graph, including the 6 

totality of North American and Latin American cities, Sydney and some European Asian cities. On the right 7 

side of the bisector, there are the cities that have a higher per capita footprint than the national one (i.e. 8 

RCF > 1). These are the Chinese cities, Cape Town, and some European cities, including Rotterdam which is 9 

the worst performing. There is a group of South Asian cities, positioned in the bottom right corner of the 10 

graph. These cities present a very low level of GHG emission and the difference to the national level is 11 

minimal, whether this is positive or negative. Singapore is on the bisector, as the urban area of the city of 12 

Singapore basically corresponds to the area of the country. As mentioned above, the two cities which will 13 

be analysed in depth are Sao Paulo and Cape Town. The former has a level of emissions of 1.4 tons of CO2e 14 

per capita, which is equal to the 33.7 % of the national level (Brazil’s level of emissions is 4.6 tCO2e/capita). 15 

The latter, on the other hand, has a level of emissions of 10.21 tons of CO2e per capita, which is equal to 16 

the 103 % of the national level (South Africa’s level of emissions is 9.91 tCO2e/capita). 17 
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 1 

Figure 2. National and Local GHG emissions (tCO2e/capita) 2 

2.3.1. Sao Paulo 3 

Sao Paulo is at the heart of the largest urban agglomeration in Latin America, and one of the most 4 

populous cities in the world. The municipality of Sao Paulo has a population of 11 million, concentrating 5 

around six per cent of the national population (Vom Hove, undated). Even though it is the largest city in the 6 

country, Sao Paulo is also the youngest among the Brazilian metropoleis, having grown massively in the last 7 

150 years, as a consequence of the massive urbanisation experience by the whole country (Santos and 8 

Câmara, 2002:170). Sao Paulo has been the heart of Brazilian industrialisation process, attracting 9 

investments and migrants from the whole region (Deák, 2001). According to a recent report of UN-Habitat 10 

(2012), its most evident characteristic is the striking inequality, made evident by pronounced socio-11 

economic as well as spatial segregation which have contributed to building the conditions of a real ‘social 12 

apartheid’ (Whitaker Ferreira, 2010).  13 
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The economic prosperity of the Sao Paulo depends, among other things, upon the national macro 1 

economic situation. The Brazilian economy is the largest of Latin America (in 2004, Brazil represented 2 

almost a third of the continent GDP (De Faccio Carvalho, 2006)) and is the seventh wealthiest economy of 3 

the world. The national economy is characterised by a relatively developed service sector, representing just 4 

over the half of the country’s GDP (51.3%); by the largest industrial sector of the continent (representing 5 

38.6% of the GDP); and finally by an agricultural sector (10.1 %), which allows the country to be largely self-6 

sufficient in food and counts one of the largest herd of the world, producing large quantities of meat and 7 

milk for domestic consumption and exportation (De Faccio Carvalho, 2006). As opposed to the national 8 

situation, the Paulista economy is dominated by the service sector (e.g. banking and finance) which today 9 

produces 75.8% of the value added of the GDP. It is followed by the industrial sector, with 24.2% and finally 10 

the primary sector with less than 0.01%, almost absent in the city (prefeitura.sp.gov.br, 2012).  11 

2.3.2. The carbon footprint of Sao Paulo and Brazil7 12 

The per capita level of emissions of Sao Paulo equals to 1.47 tons of CO2e, as opposed to the level of 13 

the country which is 11.76 tCO2e/capita, for a RCF value of 0.125. The difference between the city and the 14 

country level of per capita GHG emissions is largely explained by looking at the value of agriculture, forestry 15 

and land use activities. GHG emissions falling into these categories account for almost 80% of the Brazilian 16 

total GHG emissions and at the same time they are negligible in the Sao Paulo inventory. The reason is to 17 

be found in the profile of the city and of the country: as mentioned above, forest activities and agriculture 18 

are important components of the national geography and economy, but they are almost absent in the city 19 

of Sao Paulo, as it is the case in many other urban areas. Nonetheless even if these two categories were not 20 

included, RCF would still be smaller than 1 (i.e. the per capita carbon footprint of the city of Sao Paulo 21 

would be lower than the Brazilian one). Together, the emissions included in the categories Land Use, Land-22 

                                                           

7
 The details of Sao Paulo’s and Brazil’s GHG emissions are in Appendix A. Except when specified otherwise, data on Brazil are from 

the national GHG inventory 2009, Brazilian Ministry of Science and Technology (MCT 2009)- data for the year 2003 are estimated 

using the historical data for 1990, 1994, 2000 and 2005. Data on Sao Paulo are from the city’s GHG inventory Secretaria Municipal 

do Verde e do Meio Ambiente SVMA, 2005 
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Use Change and Forestry (LULUCF) and Agriculture are responsible for the 91.3 % of the difference: they 1 

represent an important but not sufficient explanation of why Sao Paulo has a per capita level of GHG 2 

emissions which is lower than Brazil. It is for this reason that we now turn toward other categories of the 3 

two GHG inventories, i.e. the categories of energy supply and the waste management. 4 

The analysis of the difference in the energy supply category (tCO2e/capita 1.14 for Sao Paulo vs. 1.92 5 

for Brazil) indicates that there are sectors whereby Sao Paulo presents a lower footprint and other where 6 

the footprint is higher. The generation of electricity, for instance, is a sector whereby Sao Paulo’s per capita 7 

footprint is half as large as the Brazilian one (0.13 tCO2e vs. 0.27 tCO2e). This happens despite the higher 8 

electricity consumption at the city level, given a lower carbon intensity for the electricity production matrix 9 

of the region of Sao Paulo (33.46 tCO2e/GWH against the 74.73 tCO2e/GWH for Brazil) (SVMA, 2005, for 10 

Sao Paulo; and MME, 2003, for Brazil). Similarly, in the production of energy for the industrial sector, the 11 

city performs lower emissions than the country (0.07 vs. 0.63 tCO2e). While in economic terms the relative 12 

importance of the industrial sector is similar, this difference is due to the fact that industries in the city are 13 

less energy intensive than at the national level (i.e. a lower amount of energy is required to produce the 14 

same monetary value) (SVMA, 2005, for Sao Paulo; and MME, 2003, for Brazil). Finally the energy for 15 

agricultural activities accounts for 0.0003 tC02e in Sao Paulo s. 0.08 tCO2e at the national level. The 16 

difference, once again, is due to the fact that in Sao Paulo the sector is almost absent8. 17 

There are other sectors whereby Sao Paulo per capita carbon footprint is higher than the national one. 18 

These differences, yet, are not sufficient to balance the elements explained above. The building sector, for 19 

instance, accounts for 0.12 tCO2e/capita in Sao Paulo and for 0.10 in Brazil. In this case, the difference 20 

might be attributed to a different income level (higher in Sao Paulo), leading to higher energy consumption, 21 

or to a different average number of dwellers per residential unit (3.43 person/unit in Sao Paulo vs. 3.75 in 22 

Brazil in 2000) (IBGE, 2010). Also, the per capita emissions deriving from the transport-related energy 23 

                                                           

8
 As the ‘fugitive emissions’ were not calculated at the city level, an estimation has been done based on the national value. For this 

reason, the total value result to be different than the city GHG inventory. In this section, the comparison is carried on only for what 

concerns the ‘fuel combustion’ sub-category 
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consumption are higher in the city than in the country (0.79 and 0.73 tC02e respectively). This is probably 1 

due to the much higher car ownership rate in the city than in the country: in Sao Paulo it amounts to 520 2 

passenger cars per 1000 people vis-à-vis a national rate of 131 cars (SVMA, 2005, for Sao Paulo; and 3 

databank.worldbank.org, 2012, for Brazil). Finally, emissions related to the waste disposal sector are 1.4 4 

times higher in Sao Paulo than the national value (0.35 vs. 0.25 tCO2e/capita), probably because of the 5 

larger generation of waste (1.4 vs. 0.9 kg per day/capita) (UNEP 2003, for Sao Paulo; and stats.oecd.org, 6 

2012, for Brazil). At the country level, moreover, it is estimated that 32.83% of the waste was recovered in 7 

2000, as opposed to the city, where virtually all waste was sent to landfills (data from UNEP 2003, for Sao 8 

Paulo; and stats.oecd.org, 2012, for Brazil). Today the situation is likely to be different, as in January 2004 9 

(after the GHG inventory was compiled) the “Bandeirantes Landfill Gas to Energy Project” was started, 10 

resulting in an average estimated reduction of GHG emissions of almost 30% per year (ICLEI, 2009). If this is 11 

the case, the per capita emissions of Sao Paulo’s waste sector would be slightly lower than the national 12 

level. 13 

2.3.3. Cape Town 14 

Cape Town Metropolitan Municipality9 lies at the core of the second most populated city-region in 15 

South Africa. The metropolitan municipality, which host 3.2 million inhabitants, covers 2,461 km2, with an 16 

estimated population density between 1300 and 1400 persons per squared kilometre. The end of apartheid 17 

in 1994 is the single most important event in the recent history of South Africa, as it has triggered a 18 

remarkable process of political democratisation and of economic development and stabilisation. 19 

Nonetheless, while the national economy has been growing steadily, its substantial reliance on natural 20 

resources as inhibited the translation of economic growth into creation of employment. The gap of life 21 

standards, due to the racist policies during the apartheid, has remained as a consequence of large income 22 

inequality. The reforms, for instance, have not achieved the necessary results in terms of education, with 23 

huge disparities persisting. This, in turn, has lead to an excess demand for skilled labour and a large surplus 24 

                                                           

9
 In this section , data on Cape Town, mainly draw on the OECD territorial review of the Cape Town (2008) 
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of low-skilled and non-skilled labour, generating growing wage differentials. Today South Africa presents an 1 

extremely high Gini coefficient (0.59), which is one of the major causes of most the country’s social 2 

problems. These issues are reflected in Cape Town too. Even though the dynamics of development have 3 

began to change, the urban form still resents significantly from the apartheid period. The planning system 4 

exacerbated a low-density, sprawling form of expansion, leading to a fragmentation in numerous nodes of 5 

the urban economic activities, and to limited possibilities to develop a viable public transport system, 6 

liveable neighbourhoods and economies of scale in the delivery of public services. 7 

The economy of the city is dominated by the service sector which today represents almost 70% of the 8 

total GDP and employment. While the South African pole for financial and business services remains 9 

Johannesburg, the contribution of the finance and insurance sector to Cape Town regional GDP has grown 10 

enormously in the decade from 1995 to 2005, thanks to the presence of HQ of a number large of firms, and 11 

it represents today the 16.6% of the regional economy. Other important activities include urban 12 

consumption (e.g. real estate development) and food processing. Finally, thanks to the geographical 13 

position of the city, the logistics cluster is particularly prosperous, making of Cape Town a major node for 14 

the regional and international transportation of agro-food, refined oil and steel. As opposed to the city’s 15 

economy, the national economy shows a larger dependency upon natural resources such as such as gold 16 

and iron ore abundant in the country. The manufacturing sector is also responsible for a great share of the 17 

national production, with an important automotive and metal industry. In 2001, South Africa was the 19th 18 

producer of steel in the world, and the first in Africa, with almost 60% of the total production of the 19 

continent. Until 2007, moreover, the country was the leading producer of gold in the world. The tertiary 20 

sector, finally, accounts for about half of the national GDP. 21 

2.3.4. The carbon footprint of Cape Town and South Africa10 22 

Cape Town level of GHG emissions equals to 10.21 tons of CO2e per capita, which is equal to the 103% 23 

                                                           

10
 The details of Cape Town’s and South Africa’s GHG emissions are in Appendix B. Except when specified otherwise, the data  on 

South Africa come from the national GHG inventory, DEAT, 2009. Data on Cape Town the city’s GHG inventory presented in three 

papers by Kennedy et al. (2009a; 2009b; 2010) 
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of the national level (South Africa’s level of emissions is 9.91 tCO2e/capita)11. A careful analysis of the data, 1 

however, reveals that the two inventories include slightly different categories, and interpreting this 2 

mismatch in different ways, might lead to different results. For this reason it is necessary to distinguish 3 

what are the sectors that are directly comparable, and what are those which are not. For instance, certain 4 

sectors12 were not included in the inventory of Cape Town. This does not change the overall result (RFC>1), 5 

as if these values were counted for in the city’s inventory, the difference between city and country level of 6 

GHG emissions would have been even greater. At the same time, the ‘marine and aviation’ category was 7 

calculated with different methodologies for the city’s and the country’s inventory13. Yet, this sector has 8 

been included in Cape Town’s inventory, “in order to include impacts from the movement of people and 9 

goods to and from the city”, which is a crucial component of the nature itself of the city (Kennedy et al., 10 

2010). Considering the role of the city as a national and international transportation hub, moreover, it is 11 

likely that the per capita level of GHG emissions related to this sector would be in any case higher than the 12 

national level. It has to be noted, that even if none of these sectors was included in either one of the 13 

inventories, the per capita footprint of Cape Town would still be higher than the national one, i.e. 6.4 and 14 

6.02 tCO2e/capita respectively. 15 

Beside the presence of categories which are not directly comparable at the country and at the city 16 

level, there are few sectors that help identifying why Cape Town per capita level of emissions is higher than 17 

the national one. The category including buildings heating and energy for industries, for instance, accounts 18 

for 1.15 tCO2e/capita in Cape Town and 1.07 in the whole South Africa. This is due to a different level of 19 

                                                           

11
 Comparing Cape Town’s to South Africa’s carbon footprint is a difficult task, as the GHG inventories report slightly different 

variables. It has been therefore necessary to calculate again the respective values and draw a new set of variables, by aggregating 

or disaggregating the data available. 

12
 These include: Industrial processes and product use, Agriculture, forestry and land use, Petroleum extraction, Waste water 

handling, Fugitive emissions from fuels 

13
 The IPCC 2006 guidelines, applied to compile the South African national inventory, recommend to include as a memo item GHG 

emissions from international aviation, including take-offs and landing and international water-borne navigation. At the same time, 

the Cape Town inventory has been calculated on the basis of the total fuel loaded locally into planes and ships “in order to include 

impacts from the movement of people and goods to and from the ten cities”(Kennedy et al. 2010) 



Nicola da Schio 22/33 
Green Cities vs. Green Countries 

energy consumption, 1.7 times higher in Cape Town than in South Africa, possibly due to a different per 1 

capita income level. The difference in energy consumption, yet, is partially outweighed by a less carbon 2 

intensive energy matrix in Cape Town. The higher income of Cape Town lifts up the GHG emissions in the 3 

transportation sector too, where it is related to a higher car ownership rate, twice as high as the national 4 

rate (City of Cape Town 2009, for Cape Town; and databank.worldbank.org 2012, for South Africa), and the 5 

gasoline consumption 1.8 times as high (Kennedy et al. 2009a, for Cape Town; and 6 

databank.worldbank.org, for South Africa). The level of emissions is 1.44 in Cape Town tC02e/capita and 7 

0.9 in South Africa. Beside the income levels, this difference is likely to reflect also the fact that Cape Town 8 

suffers from a very low degree of connectivity, and private cars are by large the preferred mean of 9 

transportation (OECD, 2008). Finally, it is difficult to compare the waste-related GHG emissions, as the two 10 

inventories have used different methodologies14. However it is likely that the footprint is higher in Cape 11 

Town, provided that the city presents a level of per capita waste generation more than twice as high as the 12 

national amount, and there is to date no particular technology in the city to reduce the emissions from this 13 

source (Kennedy et al., 2010). 14 

The estimation of GHG emissions related to the production and consumption of electricity represents 15 

the only sector where the city’s footprint is lower than the national one. The per capita levels equal 16 

respectively 3.38 tC02e (for Cape Town) and 3.88 tC02e (for South Africa). The difference – i.e. Cape Town’s 17 

levels only amounts to 87% of the South Africa level- is due to different levels of energy consumption, 18 

which is lower in Cape Town. The lower level of emissions might appear surprising, when looking at the per 19 

capita level of income, higher in Cape Town than at the national level. Nevertheless this might be explained 20 

by the fact that countrywide, 60% of the national electricity supply is consumed by the industrial sector 21 

(ABB Group, 2011), which in Cape Town is relatively small (17% of the GDP according to the OECD 2008), as 22 

opposed to other industrial cities such as Sedibeng where industries account for 40% of the local GDP (Van 23 

Vuren et al., 2008:13), or to the national level where the sector accounts for 30%. Another possible factor 24 

                                                           

14
 The national inventory has been calculated using a First Order Decay (FOD) model, as described by the IPCC 2006 guidelines. 

Conversely, Kennedy et al. used the Total Yield Gas approach (IPCC, 1996) 
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of the low per capita consumption might be the underinvestment in the electricity supply, which does not 1 

have kept the pace with demand. Even if the demand was higher, the final consumption could not rise 2 

because of supply shortage (OECD, 2008). 3 

3. Discussion and Conclusion 4 

3.1. Findings of the research 5 

Sao Paulo and Cape Town represent respectively an example of a city where the per capita level of 6 

GHG emissions is lower than the national one (i.e. RCF < 1), and of a city where the emissions level is higher 7 

(i.e. RCF>1). There is not a single answer explaining the different value in the two cities, and the analysis of 8 

the difference between each of the components of the national and the local inventories sheds light on the 9 

multiple reasons why this happens. The most important dimensions to look at are the structure of the 10 

economy, the level of per capita income and what is directly dependent on that, and the carbon intensity of 11 

the energy matrix. Comparable indicators and detailed data on these sectors become crucial to explain with 12 

precision cities’ Relative Carbon Footprint. 13 

Structure of the Economy 14 

The main driver of the gap between city and country per capita footprint is, in both cases, the different 15 

range of economic activities in the city and in the country. This is evident when considering, for instance, 16 

the impact of activities such as agriculture and forestry in explaining the gap between the Paulistan and the 17 

Brazilian carbon footprint. Also the emission levels related to energy consumption in the industry sector 18 

depend upon the different activities, which in Sao Paulo present a much lower energy intensity. On the 19 

other hand, the ‘marine and aviation’ sector produces similar results in explaining why the carbon footprint 20 

of Cape Town is higher than the South African one. Moreover, the low electricity consumption in Cape 21 

Town, which implies a lower level of energy-related GHG emissions in the city, is also due to the economic 22 

profile of the city where the high electricity-consuming industrial sector is relatively small. While it sounds 23 

like a truism, i.e. a city releases less greenhouse gases if the carbon intensive activities are conducted 24 

elsewhere, this result is crucial to show, for instance, that it is not urbanisation per se that determines the 25 
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level of emissions (high or low), but polluting activities and whether they are carried on in a certain city or 1 

elsewhere.  2 

Per Capita Income 3 

The level of per capita income in the city also plays an important role, much in line with the arguments 4 

introduced in part 2.2. As already mentioned, both cities present a per capita income which is more than 5 

3.5 times higher than the national average. In both cities, this is directly linked to higher emissions from the 6 

transportation sector, through higher car ownership rate; from the waste disposal sector, through higher 7 

per capita generation of waste; and from the heating sector, through higher levels of energy consumption. 8 

There is evidence, however, suggesting that the effect of the higher income can be magnified or neutralised 9 

by the way urban development is governed. For instance, the fact that Cape Town is highly fragmented and 10 

public transport is not adequate to connect the urban fabric, it is likely that GHG emissions from the 11 

transportation sector increase far beyond the level of cities with comparable per capita income. 12 

Conversely, the waste management project in the Bandeirantes landfill in Sao Paulo demonstrates that it is 13 

possible to reduce significantly the carbon footprint, despite the high level of waste generation. 14 

Energy Matrix 15 

Finally, an important dimension to be considered when looking at GHG inventories (both urban and 16 

national) is the way energy is produced. The different carbon intensity of the energy matrix already 17 

explains the absolute difference between Sao Paulo’s and Cape Town’s per capita footprints. Nevertheless, 18 

it also plays a role in determining the different RCF of the two cities. For instance, the fact that the energy 19 

supply to the Sao Paulo region is less carbon intensive than the national average contributes to decrease 20 

even further the city’s RCF. In Cape Town the situation is different, as the city sources its energy in the 21 

national grid. Yet, the less carbon-intense energy mix for the ‘heating and industry’ sector (compared to 22 

South Africa’s national average) contributes to lowering the city’s footprint as opposed to the national one, 23 

even if it is not sufficient to reverse the value of the RCF. 24 

 25 
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3.2. Policy implications and Openings to further research 1 

The findings of this research are relevant for purposes of urban policy making, both at the local and at 2 

the national level, as the identification of the critical sectors in terms of GHG emissions is fundamental to 3 

reducing anthropogenic pressure onto the climate. Determining what are the conditions under which cities 4 

represent a solution for reducing a country’s total GHG emissions, is fundamental in this period 5 

characterised by an increasing importance of cities in determining the social, economic, demographic and 6 

cultural trends. 7 

Establishing what economic activities in the city and in the country are the determinants of RCF, and 8 

how this happens, is useful to identify the priorities of action to reduce the emissions. Sao Paulo, for 9 

instance, might serve as an example of a city that is prosperous thanks to a relatively low-carbon economy, 10 

as opposed to Cape Town. This does not mean that we recommend shifting polluting economic activities 11 

outside the city boundaries to reduce the relative and absolute level of GHG emissions. Instead, we simply 12 

highlight that the economic development of cities does not need to be bound to high levels of emissions, 13 

and that certain carbon intensive economic activities (not necessarily all of them) could be limited or 14 

avoided with no damage to the urban economic performance. While this recommendation concerns the 15 

urban economic production, the following step is to look at the consumption of a city, e.g. the GHG 16 

emissions of the urban consumption basket15, to identify once again the assets and the constraints of a 17 

certain urban economy. 18 

The analysis of the level of income in both cities suggests similar conclusions. In both cities the per 19 

capita level of income is higher than in the country as a whole, as well as the level of GHG emissions from 20 

sources directly related to it, i.e. transportation, heating and waste. This indicates that the identification of 21 

a strategy for decoupling economic growth and people’s wellbeing from resource depletion and 22 

environmental degradation (in this case through GHG emissions) has not been successful yet, and needs to 23 

be a paramount political priority. Life standard has to be decoupled from carbon intense consumption and 24 

                                                           

15
 See for instance CGDD 2012 
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production, either by changing the patterns of consumption and production, or by reducing the emissions 1 

originating from the current ones. The aforementioned “Bandeirantes Landfill Gas to Energy Project” is an 2 

example in this sense. In both cases (i.e. looking at the economic structure and at the level of income) the 3 

analysis of RCF is useful to highlight an important difference between Sao Paulo and Cape Town. While 4 

both cities are economically successful vis-à-vis their respective country averages, the Brazilian city is also a 5 

virtuous case of environmental performance (at least for what concerns a production perspective). The 6 

mere analysis of the city characteristics in absolute value would have missed an important dimension: the 7 

economic and the environmental performance is a consequence of different dynamics (including, for 8 

instance, the stage of development). These indicators, when looked at in comparative terms (i.e. relatively 9 

to the country average), shed light on the potential of a specific urban reality. 10 

Finally, the present research has shown how important the energy matrix is. Even in the cases when 11 

the issue lies outside the sphere of urban policy making, which is not always the case, it remains an 12 

important indicator to consider. For instance, if the energy matrix already presents a low carbon-intensity, 13 

investments and policies targeting energy efficiency are unlikely to have high returns in terms of GHG 14 

reduction and could probably have a different target. The focus on the RCF, once again, provides important 15 

insights as it indicates, for instance, to what extent energy intensive activities can be carried on in the city, 16 

as opposed to other locations in the country. 17 

This study also opens the way to further research. Identifying important variables which contribute to 18 

explain the environmental impact of a city might be useful to prepare a comparison among cities on a 19 

larger scale. Once these variables are measured for different cities, quantitative analysis could be carried 20 

out to understand, in a more general perspective, what variables are more important in determining the 21 

RCF of cities. Furthermore, the approach that has been used here, i.e. the analysis of one indicator of 22 

environmental conditions of a city’s carbon footprint as opposed to the average of the country in which it is 23 

located can be developed with regard to other indicators as well. In particular, whereas the level of GHG 24 

emissions is an important dimension to indicate one of the impacts of a city on the global environment, 25 

indicators measuring other flows of the urban metabolism could be useful to assess the performance of 26 
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essential infrastructures. In fact, even though it has been at the centre of international debate, the 1 

emissions of greenhouse gases is far from being the only element of cities’ environmental pressure. 2 

Similarly to RCF, the analysis of other indicators at the city level relatively to the national level contributes 3 

to identifying the potential of a specific urban form and, at the same time, allows ranking cities 4 

countrywide and worldwide. 5 

Finally, the assumption stated at the beginning of the research needs to be further developed. Cities 6 

are the locus to understand important environmental issues, as well as issues of economic and human 7 

development. In this sense, the perspective taken in this study (i.e. looking at city/country values) could be 8 

used to look at the state of the life quality in a city alongside with its environmental performance. This 9 

would be useful to explore and compare what are the urban dynamics that are determining the city 10 

potential for granting high standards of life, while reducing resource use and environmental impact16. Also 11 

in this sense, the analysis of the performance of a city vis-à-vis the country it belongs to would allow to fully 12 

understand the specificity and the potential of a particular urban reality. 13 
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Appendix A 

Brazil and Sao Paulo GHG inventories (in tCO2e) 

Brazil and Sao Paulo GHG inventories (in tCO2e) 
2003 Br Total Br/capita SP total SP/capita SP / Br 
Energy 348,454,800 1.92 11,896,00017 1.12 0.584 

Electricity 48,934,200 0.27 1,334,478 0.1300 0.47 

Industries 113,799,800 0.63 769,070 0.0700 0.11 
Transportation 132,642,600 0.73 8,422,810 0.7900 0.10 
Residential Buildings 17,957,600 0.10 1,316,223 0.1200 0.12 

Agriculture 14,900,400 0.08 2,779 0.0003 0.00 

Other sector 3,934,800 0.02 213,739 0.0200 0.92 

Fugitive Emissions 16,285,200 0.09 476,347 0.0400 0.5 

Industrial Processes 36,121,000 0.20 - - - 

Agriculture/Husbandry 447035400 2.46 780 0.0050 0.00 

LULUCF 1259520600 6.93 52,000 0.005 0.001 

Waste 45655000 0.25 3,703,000 0.35 1.387 

Total 2,136,786,800 11.76 15,651,780 1.47 0.125 

 

Data on Brazil are from the national GHG inventory 2009, Brazilian Ministry of Science and Technology (MCT 2009)- data for the year 2003 are estimated using 

the historical data for 1990, 1994, 2000 and 2005. 

Data on Sao Paulo are from the city’s GHG inventory Secretaria Municipal do Verde e do Meio Ambiente SVMA, 2005 

                                                           

17
 This is less than the total of the Energy sub-sectors to avoid double counting of emissions from electricity production. 
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Appendix B 

 

South Africa and Cape Town GHG inventories (in tCO2e) 

Sector SA total (2000) SA per capita CT total (2005) CT per capita CT/SA 

Energy 268,452,528 6.10 34,207,938 9.78 1.603 
Energy industries 170,716,300 3.88 11,826,518 3.38 0.872 
Heating and Industries 46,532,424 1.06 4,021,662 1.15 1.087 
Transportation - as per IPCC 2006 guidelines 39,445,315 0.90 5,035,820 1.44 1.606 

Transportation - Aviation and marine 11,758,490 0.27 13,323,940 3.81 14.257 

Solid Waste 8,085,000 0.18 1,484,881 0.42 2.311 

Other Sectors 166,339,550 3.62 - - - 
Industrial processes and product use 61,469,090 1.40 - - - 
Agriculture, forestry and land use 20,493,510 0.43 - - - 
Energy Industry - Petroleum extraction 42,658,510 0.90 - - - 
Waste water handling 1,307,800 0.03 - - - 

Fugitive emissions from fuels 40,410,640 0.86 - - - 

Grand Total 442,877,078 9.91 35,692,819 10.21 1.030 

Total of the comparable information 
(with aviation and Marine) 276,537,528 6.28 35,692,819 10.21 1.624 

Total of the comparable information 
(without aviation and Marine) 264,779,038 6.02 22,368,880 6.40 1.063 

 

Data on South Africa come from the national GHG inventory, DEAT, 2009. 

Data on Cape Town the city’s GHG inventory presented by Kennedy et al. (2009a; 2009b; 2010) 


