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As the effects of climate change and other ecological crises worsen, numerous attempts have been

made to apportion individual responsibility, or ecological footprints, to find effective and just ways

to reduce ecological damage. Massive inequalities exist in the responsibility for, and consequence of,

ecological damage. So, a just transition must identify how ecologically damaging consumption

patterns may be reduced, in ways which do not adversely affect lower-income and other

marginalised groups. However, although a significant proportion of carbon emissions may be

accounted for in terms of household consumption, these patterns of household consumption are

deeply influenced by wider social, political, and economic forces, in larger systems of provisioning.

This study estimates and examines the patterns of household carbon footprints within South Africa

and explores the link between carbon footprint inequality and income inequality and energy

poverty; and how these patterns and links are shaped by systems of provision for carbon intensive

consumer goods.

1



1 Contents
2 Introduction 3
3 Research Question 3
4 Literature review 4

4.1 Carbon inequality 5
4.2 The SoP approach and the limitations of earlier studies 9
4.3 Situating household ecological footprints in the context of wider discourses and
paradigms 9

5 Methodology 12
5.1 Finding the distribution of household emissions based on energy poverty status 13
5.2 Finding the Pseudo-Gini and Kakwani Index 14
5.3 Gini decomposition 15

6 Results 16
6.1 Carbon inequality and income distribution 17
6.2 Carbon inequality and energy poverty 20
6.3 Carbon inequality and race 22
6.4 Carbon inequality and gender 25
6.5 Spatial distribution of household carbon emission 27
6.6 Carbon inequality and household size 31
6.7 Carbon inequality by product category 32

7 Systems of provisioning 34
7.1 Electricity SoPs 35
7.2 Road-Based Transport SoPs 37

8 Policy Implications 39
9 Conclusion 40
10 References 42
11 Appendix A 47
12 Appendix B 52

2



2 Introduction

Although developed countries have historically been responsible for the greater proportion of

greenhouse gas emissions, developing countries have recently begun to account for a more

significant proportion of emissions, particularly driven by industrialisation in East Asian

countries (Seriño, 2017).1 The proportion of emissions from developing countries is expected to

grow (Jakob, Haller & Marschinski, 2012). South Africa emits a significant amount of CO2 per

capita for a developing country, although a large portion of the carbon emissions from production

in South Africa go to exports. In fact, South Africa produced 44% more carbon emissions than

were consumed domestically in 2020 (Our World in Data, 2022). Household consumption

accounts for a majority of carbon dioxide emissions for many countries from 1990-2014. For

example, in 2014 household final consumption accounted for 54% of carbon emission in India,

77% of emissions in Germany, 85% in the UK and 76% in Vietnam. One notable exception was

China, where fixed capital formation accounted for a much larger proportion of total emissions

(Duan et al., 2022). Household carbon footprints are therefore an important issue to assess

although analysing “carbon footprints” does ignore many other types of unsustainable ecological

damage. Despite this, analysing carbon footprints is important for reducing the damage of

climate change, arguably the most urgent and potentially destructive environmental crises. Thus,

finding ways to reduce the carbon intensity2 of the South African household consumption

economy, without jeopardising poverty reduction, is important for sustainable development and

climate justice.

The empirical work within this study can be split into two parts. The first involves estimating the

carbon footprints of a sample of South African households. The second involves examining the

distributions of these households' carbon footprint and estimating various measures for the

carbon footprint inequality of South African households. For these estimates I have used the

2 The carbon intensity is the amount of tons of carbon dioxide emitted per unit of real GDP

1 Wiegratz et al., (2023) Argue that theoretical understandings of North South inequalities and power relations
remain relevant within development economics. While it may be difficult to determine a rigid binary between global
North and global South states, the distinction nevertheless highlights an important structural inequality within the
global economy, which has resulted from both colonial and neocolonial historical processes. The terms developed
and developing countries are often used within research on carbon inequality to understand this division.
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2014/2015 Living Conditions Survey (LCS) (Stats SA, 2015) and estimates of carbon intensities

of consumer goods from Arndt et al (2013).

3 Research Question

This study asks the central question: how are South African consumption patterns shaped,

creating a society where household needs are met in extremely carbon intensive ways, yet due to

inequality many households do not have access to carbon-intensive goods to meet even their

most basic needs? I will answer this question through estimating and examining empirical

measures of the carbon footprint distribution and inequality among South African households

according to income, location, education levels, household size, gender and race of household

heads, and incidents of energy poverty. In a later section I will use the systems of provisioning

(SoP) framework to examine how this distribution is shaped by the contested systems of

provision for carbon-intensives goods such as electricity and transport, drawing together earlier

research to examine how these inequalities are linked to wider systems of production and

accumulation. Finally, I will examine the policy implications of this research to discuss what

consequences it has for paths towards a just transition in South Africa.

In this thesis I will estimate the inequality and distribution of household CO2 emissions in South

Africa. This is important, because it shows directly how carbon emissions are used to meet basic

needs, such as lighting and heating, and how carbon emissions are used to provide for luxury

consumption. Such research can inform the search for viable ways to significantly reduce

national emissions while maintaining or expanding provision of goods and services to meet basic

needs.

Introducing the systems of provisioning approach allows the analysis to move beyond a narrow

focus on individual household consumption choices and the redistribution of goods currently

provided to examine more systemic ways in which household’s needs could be met through less

carbon-intensive goods. The systems of provisioning approach examines how demand for goods

and services is often shaped by contested and contradictory relationships rather than simple

neoclassical market interactions between consumers and suppliers.
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4 Literature review

Numerous types of inequality form barriers to sustainable development, many of which are

closely related to each other. Measures of inequality can focus on different units of analysis, from

inequality between households to inequality between nations. They can also differ in terms of the

resources that are being allocated, like income inequality, wealth inequality, or inequality in

ecological footprints. Historical discussions around the responsibility for carbon emissions have

centred on levels of national responsibility related to emissions due to production within the

country. However, as emissions may be embodied in traded goods (with wealthy and more

powerful nations often importing carbon-intensive goods from global value chains, which results

in pollution in the global South) an alternative framework focusing on consumer responsibility

has been developed (Starr et al., 2023). This consumer-based framework can also be used to

understand the distribution of carbon footprints between households.

Much of the literature on environmental inequality uses the environmental Kuznets curve

hypothesis as a framing question, either to prove or disprove. The environmental Kuznets curve

emerged as a theory around wealth, modernisation, and environmental degradation. The original

theory suggested that up to a certain point national GDP would correlate with increasing

environmental degradation, but that beyond that point further GDP growth would in fact be

related to reduced environmental degradation. Within the literature on household carbon

emissions, an analogous claim is tested: that as household income increases it corresponds to

first increasing and then decreasing households carbon emissions. This claim is rejected by the

literature on household carbon emissions discussed below. Although Starr et al (2023) show that

the elasticity of carbon emissions to income tends to fall with income, as poorer groups often use

additional income to purchase carbon intensive essentials. Nevertheless, the environmental

Kuznets curve hypothesis provides a convenient narrative for hegemonic groups which echoes

many earlier theories linking marginalised groups to environmental degradation.

In this literature review, I will begin with a narrow focus on the limited research which has dealt

with household-level carbon footprint inequality. I will discuss the methods used in these papers

and the conclusions which emerged from them. After this, I will examine the broader context of

research around the intersections of inequality and environmental degradation discussing central

themes, and key narratives within historical academic discourses. These include many earlier
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theories which overemphasise poor groups’ responsibility for environmental destruction and are

not generally supported by empirical work on a household level. I believe that this is important

to include as it identifies many of the key political and academic narratives which persist and

present a distorted understanding of the relationship between inequality and carbon emissions.

4.1 Carbon inequality

While the literature on the links between inequality and CO2 emissions is extensive, only a

handful of studies have focused on household-level CO2 consumption inequality (Seriño, 2020).

This includes studies in the Philippines (Seriño, 2020), Indonesia (Irfany and Klasen, 2016), the

United States (US) (Starr et al., 2023), and China (Yang and Liu, 2017). A considerably larger

body of literature focuses on emissions inequality between countries, or on the links between

national income inequality and national emissions.

The results from previous studies in other countries show that high-income households consume

a significantly greater number of carbon-intensive products. This does not support the hypothesis

put forward by the environmental Kuznets curve on a household level (that beyond a certain

point higher incomes will lead to a decrease in environmental degradation). The theoretical

origin of the environmental Kuznets is explored in more detail in the section below. Here I will

focus on how it relates to the findings of household level studies on emissions inequality. Seriño

(2017) estimated that in the Philippines the wealthiest 20% of the population accounted for

approximately half of all household carbon consumption while the poorest 20% accounted for

between 5% and 10% of CO2 emissions. Irfany and Klasen (2016) found similar levels of

inequality in Indonesia, and Yang and Liu (2017) also find similar results when studying the

income distribution of direct carbon consumption in three Chinese cities. The same is true at a

national level. Rises in national income results in increasing national carbon footprints. Even if a

turning point exists, it would be at such a high national income level that it is of little relevance

to discussions about sustainable development (Seriño, 2017). Starr et al. (2023) pay special

attention to very high-income earners, arguing that they are often under-sampled in survey data

and, consequently, that they are often under-accounted for in input output(IO)-based models of

carbon distribution. They find high levels of carbon footprint inequality among US households

focusing on the effects of both income and race on a household’s carbon footprint. However,
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they find that carbon emissions are significantly less unequally distributed than income, a result

similar to my own.

Seriño (2020) finds that urban households have considerably higher emissions than rural ones;

that households with a head between 30 and 60 years have much higher emissions than for other

age groups; and that high income levels for the household head increase household emissions.

However, the degree to which these classifications overlap with classifications of households by

income is unclear. Irfany and Klasen (2016) also break down emissions by gender of household

head and find that male-headed households have slightly higher consumption. Yang and Liu

(2017) examine only direct carbon emissions from energy use. They find that transport is a major

component here, along with heating in Northern Chinese cities. In addition, they examine how

social factors such as lifestyle, habits, and attitudes effect energy consumption, showing that the

belief that household emissions have an effect on the environment does reduce household

emissions.

Additionally, Kensett (2021) wrote a short blog post analysing carbon footprint distribution in

South Africa using data from the Stats SA 2010/2011 Income and Expenditure of Households

survey and research by Arndt, Davies, Makrelov, and Thurlow (2013). Kensett finds high levels

of carbon emissions inequality in South Africa similar to my own results, arguing that

“households that fall into deciles 9 and 10 will need to reduce their emissions by roughly 50 and

75 per cent, respectively, should they want to reach their ‘fair share’ amount of emissions. This

will involve fundamentally changing consumption patterns and making deliberate choices to

reduce wasteful and unnecessary consumption” and that “we should, therefore, not misconstrue

increased per capita emissions for poorer households as a failure to meet our climate goals per

se. Doing so would be unfair.” My research shares this policy conclusion. However, the blog post

does not analyse inequality by race, gender, location, or settlement type and does not link this to

a more detailed analysis of carbon-intensive systems of provisioning within South Africa.

These studies used IO analysis to estimate ecological footprints. This can be done with carbon

emissions, as in the studies above, or with other ecological footprints such as land and water

footprints (Ivanova et al., 2016). This method begins with estimating the direct carbon emissions

for each industry in the IO table per unit of value produced. However, many goods require

processing in long value chains by multiple industries before reaching consumers. This can be
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captured through simple linear algebra combining the estimated carbon intensities of the

industries with the IO table, to find the carbon intensities of final consumer product categories.

This method estimates the household footprint of a sample of households by matching the goods

and services they consume with the carbon intensities of various categories of consumer goods

found in the previous step.

The IO approach for estimating household ecological footprints has a number of shortcomings,

including:

• The IO approach does not consider the quality of items. As wealthier households may

purchase fewer, higher-quality items. This may generate systemic bias if higher-quality

items are either more or less carbon intensive per unit of currency, within the consumer

categories used. Starr et al. (2023) estimate that this may mean that IO analyses

overestimate the carbon consumption of high-income households for many goods

categories by between 5% and 10%. However, they limit this claim for a wide range of

goods purchased by high-income, super-emitter households which purchase very carbon

intensive goods such as air and yacht travel, and maintenance and electricity on large

homes or multiple homes.

• It frequently does not disaggregate between domestic and foreign production and

approximates import carbon intensities using domestic values. The carbon intensity of

many goods varies significantly depending on where it was produced, which is not

accounted for if only domestic carbon intensity coefficients are used for all consumption.

This could be overcome using a multi-regional IO model, but this would require more

detailed consumer information (Seriño, 2017).

Despite these limitations, the IO method for estimating household carbon footprints remains a

useful and widely used method for analysing carbon footprint distributions. Further, it has

benefits over other common methods for estimating household carbon emission, which

commonly overestimate household carbon footprint inequality.

Another method for estimating household carbon footprint inequality is using a ‘top-down

approach’ based on income data, national levels of carbon consumption, and estimates of the

income elasticity of carbon emissions. An example of this method is Chancel and Piketty (2015).
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However, Starr et al. (2023) argue that these studies tend to overestimate levels of carbon

footprint inequality as they use high estimates of income elasticities for carbon footprints and

overlook that income elasticities for carbon footprints may differ substantially over different

income ranges.

Additionally, earlier studies on household emissions inequality examined other potential causal

variables, as well as disaggregating the inequality by consumption category. Seriño (2020) finds

that emissions are driven largely by fuel, lights, transport, and animal agriculture consumption.

Expenditure on food tends to have reduced emissions inequality while consumption of fuel,

lights, and transports tends to increase it (Irfany and Klasen, 2016).

4.2 The SoP approach and the limitations of earlier studies

These earlier studies generally understand households’ carbon consumption and carbon

inequality as determined by households spending their income to consume goods and services of

various carbon intensities, with a limited amount of social contestation introduced in the idea of a

welfare state or a regulatory state being able to curb the excessive inequality and pollution

generated by the market. When discussing racial carbon inequality in the US, Starr et al. (2023)

argue that “economic inequality spills over into emissions inequality” without any consideration

for aspects of racial carbon inequality which may be created through specific contestations over

carbon-intensive goods and services such as transport systems. Seriño (2017) writes: “While

household consumption is a matter of private choice and imposing restrictions on what

households will consume is rather inappropriate, it is, nevertheless, not meaningless to raise

households’ awareness about consumption choices that are carbon intensive.” These examples

show that patterns of carbon-intensive consumption are only viewed as a political choice of the

state when the focus is on reducing inequality and environmental degradation. They largely

overlook how almost every aspect of the economy shaping households’ access to

carbon-intensive goods is the result of politically and economically contested social relationships

both within and outside of the state, determining who has what access to transport and electrical

infrastructure, and determining who can displace who to make way for transport and electricity

infrastructure.
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4.3 Situating household ecological footprints in the context of wider discourses

and paradigms

Social belief about which consumption production, distribution and accumulation patterns drive

environmental degradation is deeply tied to how society collectively responds to threats of

environmental destruction. Discourse about environmental degradation is often highly contested,

economically and politically motivated, and shaped by hegemonic paradigms within government

institutions, academia, corporations, philanthropic organisations, and general social opinion.

Numerous theories have emerged which over emphasise the environmental degradation caused

by marginalised groups and distract from the environmental degradation caused by groups with

some degree of hegemonic power. When used to advise policy, these theories can worsen

inequality by denying poorer communities rights. This results in limited access to essential

resources at affordable prices, as efforts to reduce social environmental degradation (as well as

their costs) are targeted at marginalised groups (Fakier, 2018). In relation to carbon emissions,

this could be seen through increasing energy costs to prohibitive levels or providing lower

quality renewable infrastructure to poor households to reduce their energy consumption in a

targeted manner. Additionally, load reduction (a policy of cutting power to areas, in excess of

load shedding schedules which is justified to counter a number of threats to grid infrastructure

such as illegal connections) worsens unequal energy access (although this is not legitimised

through environmentalist rhetoric). Pressure on these groups to change their behaviour to reduce

their environmental impact often pales in comparison to the significant change needed by more

powerful groups that may emit far more (Ojeda, Sasser and Lunstrum, 2020).

These narratives include Malthusianism, Neo-Malthusianism, settler colonial environmentalism,

and the Kuznets’s curve. In addition, a hyper fixation on the cooking practices of poor and rural

communities, while not in itself constituting a complete discourse, has often been criticised as

being part of these larger discourses (Simon & Peterson, 2019). In practice, these theories are

often intertwined and overlap.

Many of these theories, particularly earlier ones, emerged with a central focus on the

conservation or degradation of arable land, for example Malthus (1872) and Ehrlich (1978).
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However, partly due to the green revolution, they are now more frequently re-articulated with a

focus on other more current types of environmental degradation (Ojeda et al., 2020).

Environmental arguments are often framed around concepts which superficially appear as

unbiased, apolitical condemnations of the whole of humanities’ interaction with the environment.

This is paired with a second layer containing a wide collection of chauvinist characterisations of

different groups of people. This is similar to the way wider racial discourses within liberalism are

often dependent on an internally contradictory but politically useful set of both race-blind and

racialised discourses (Bloch, Taylor, and Martinez, 2020).3 For example, the concept of the

Anthropocene argues that humanity as a whole is responsible for a negative transformation of the

global ecosystem (Moore, 2017). However, in parallel, marginalised groups are vilified as

uncaring, inconsiderate, wasteful, uninformed, and primitive in their relationship to the

environment (Sasser, 2014). By contrast, dominant groups are characterised as rational,

innovative, investing in environmental conservation, well-informed, abstaining, and entitled to

resources ( Erickson, 2020) .

Malthusianism emerged as an early discussion of the way class society was shaped by limited

natural resources which focused heavily on the role of population growth. The theory linked

poverty and famine, particularly in capitalist peripheries, with natural tendencies for any surplus

to result in population growth, particularly among poor classes. However, the theory, as

articulated by Malthus, often lacked a clear focus on environmental preservation. Rather than

centring marginalised classes’ responsibility for environmental degradation, Malthusianism is

more worried about marginalised groups’ responsibility for their own poverty, malnutrition, and

starvation as well as the inevitability of these despite the best intentions of dominant groups.

However, it provided a basis for later theories on the interaction between societies and limited

natural resources. This either ignored or side-lined inequality and distribution of ecological

footprints or suggested that these were frequently inversely to related income and social

hierarchy.

Neo-Malthusianism is perhaps the most widely known modern articulation of these theories.

This theory places a central concern on population growth as a driver of environmental

degradation. The theory again focused heavily on agricultural systems but also included a few

3 Here race-blind discourses serve to delegitimise claims of racial discrimination and oppression.
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other scarce resources. The theory gained significant influence and popularity, leading to

numerous violations of reproductive rights in an attempt to control population growth.

Groups who can afford to geographically displace their environmental impact are treated as if

they have a lower environmental impact and a greater concern for the environment. People often

consume goods with high environmental impacts that are produced in other regions or countries.

Further, a wide collection of waste products is systematically removed from wealthy and

powerful areas, whereas poor or less powerful areas often cannot afford the same services.

Sometimes the waste is actually moved to poorer areas, such as in the case of paying developing

countries to import garbage from wealthier countries. Again, this often leads to a false narrative

surrounding social values of care for the environment. This is intertwined with a comparison

between post-industrial regions in the global North with industrial regions in the global South

(although emissions embodied in international trade make up a relatively small portion of

national carbon footprints from consumption).

The environmental Kuznets curve represents a more sanitised, abstract mathematical depiction of

what are essentially the same beliefs. The environmental Kuznets curve is a hypothesis which

argues that environmental quality increases within a country up until a certain income per capita,

but then decreases as wealthy countries manage to improve their environmental quality through a

collection of possible causal mechanisms(Grossman & Krueger, 1995). Discussion of the

environmental Kuznets curve in mainstream economics journals has been quite limited. The

hypothesis was initially developed in Grossman & Krueger, (1995), in relation to the expected

effects on both economic growth and environmental consequences of NAFTA. Although such

studies have included a degree of economic and political complexity contesting simple

understandings of economic growth, trade liberalisation, and environmental policy making, they

have not included complex models of ecological systems but relied heavily on measurements of

a limited range of local air and water pollutants. Further, any positive relations within these

limited environmental qualities have been shown to rely heavily on increasing environmental

regulation rather than economic liberalisation (Erb, 2018)4.

4 This finding acts as a direct critique of Grossman & Krueger, (1995), as their work argued that growth resulting
from NAFTA would have positive environmental effects, even though the agreement contained no environmental
regulation, and there were concerns it would result in a race to the bottom of national environmental regulations.
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Within the Environmental Kuznets Curve literature growth is linked to eventual improvements in

environmental quality through changing consumer preferences and technological improvements.

However Leal & Marques, (2022) suggest that although technological improvements may play

an important role in environmental mitigation particularly in high income countries, the actual

pace of technological innovation may be far below the level necessary to ensure sustainable

growth, and further that the theory relies on the assumption that degraded ecological systems can

be restored after high levels of growth.

In conclusion, IO-based analyses of national household ecological footprint inequality have been

widely used to understand the distribution of a wide range of ecologically harmful consumption

patterns. While these analyses often link to discussion of inequality, they do not often engage

fully with the political discourse analysing and recreating environmental inequality. Further, they

often do not engage in a systematic way with the wider systems of provision which drive these

ecologically damaging household consumption patterns.

5 Methodology

In this section I will explain how I derived the empirical measures of carbon footprint

distribution among South African households. First, I will discuss the data sources which I used.

Next I will explain how the carbon footprint for each household in the sample is estimated. After

estimating the carbon footprints, I will use the estimate to show how carbon footprints are

distributed among the South African households according to income, location, education levels,

household size, and gender and race of household heads, and the energy poverty status of the

household. Further, I will use this to calculate the pseudo-Gini coefficient of carbon footprints

within South African households, which measures the inequality of carbon footprints ranking

households by income level. After this, I will find the carbon Gini coefficient and decompose

this to show the contribution of different product categories to the overall carbon Gini

coefficient.

5.1 Data

To examine the distribution of household carbon footprints among South African households,

this study has combined consumer expenditure data from the 2014/2015 Living Conditions
13



Survey (LCS) (Stats SA, 2015) and estimates of carbon intensities of consumer goods from

Arndt et al (2013). The expenditure data is from 2014 to 2015 while the carbon intensity data is

from an input-output analysis using data from 2005.

The Data from the 2014/2015 Living Conditions Survey, includes a suggested weighting for each

household in the sample, using these I estimated the population level carbon distributions based

on the sample used in the sample. These waiting take into account household size.

Arndt et al (2013) estimates, are based on detailed supply and use tables( broken down into 104

products), as well as energy balance tables from statsSA for 2005. The estimates remain useful

although the carbon intensity of the South African economy has fallen since 2005, as the energy

intensity5 of GDP has declined from 2.88 Kwh/$ in 2005 to 2.11 Kwh/$ in 2018 while the

carbon intensity of energy has remained relatively stable at just over 0.3 Kg of Co2/ Kwh (Our

World in Data, 2022). This means that the 2005 estimates will not give an exact picture of the

current carbon intensity of different sectors, but will remain useful in approximating more recent

distributions of household carbon footprints. Newer estimates of the final carbon intensity of

different categories of consumer products for South Africa are not available and I have not

calculated these in this study. However, calculating newer estimates from IO tables and estimates

of the carbon intensity of different industries in South Africa would form a useful addition to the

current study.

5.2 Estimating Household Carbon Footprints

A household’s carbon footprint is defined as the sum of both direct carbon consumption from

energy use and transport, as well as indirect carbon consumption through buying goods and

services which required carbon emissions for their production (Irfany and Klasen, 2016). This is

found by multiplying the amount of money spent by a household on different products in the

LCS with estimates of the carbon intensity of different industries. Goods were categorised

differently in the LCS and the research by Arndt et al (2013). The table in appendix A shows

how I assigned carbon intensities to various consumer categories.

5 Energy intensity is the amount of energy used per real unit of GDP in an economy
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5.3 Finding the distribution of household emissions based on energy poverty

status

Energy poverty is the condition of not having access to enough clean energy to meet basic

household needs. Clean energy commonly refers to electricity as opposed to other energy sources

such as firewood, coal, or paraffin, which can result in significant indoor pollution and cause or

worsen numerous health conditions (often with a disproportionate effect on women and

children). Additionally, fires used to meet basic household needs have resulted in high levels of

injury and death within South Africa (Ledger and Rampedi, 2022).

Energy poverty is also tightly linked to other forms of poverty. Energy poverty often reduces a

household’s ability to engage in income-generating activity. Job searching activities, education,

and numerous micro-enterprises require energy access. Further, energy access can significantly

reduce the time required for household work and fuel collection, allowing for more time to be

spent on income-generating activities within households. Due to the gendered distribution of

household work, this may be particularly important for women’s ability to engage in income

generating activity. Energy poverty is also closely linked to food poverty. This link occurs in two

primary ways. The first is the result of substitution, as poor households reduce spending on

nutritious foods to afford basic energy requirements. The second link occurs because energy is

directly required for the storage and preparation of nutritious and affordable foods. Access to

refrigeration allows households to purchase more fresh produce, which is often more affordable

and nutritious than alternatives such as tinned foods.

Energy poverty is often defined by examining the percentage of household income used to

purchase energy, often set at either 5% or 10%. However, this definition cannot be used to

understand energy poverty in households where energy demand is low because household

income is largely spent on meeting other basic needs, such as food or housing.

Another option is to determine an absolute level of electricity consumption which households

require to alleviate poverty and meaningfully enable development. Such measures do create

some difficulties, as household needs differ substantially (for example, the need for climate

control for health varies substantially with geography). Numerous measures exist which use

unrealistically low measures. These can be the result of using the existing (inadequate) energy
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consumption of poor households as a baseline or basing the calculations of a bundle of electrical

appliances too small to meaningfully enable households to escape from poverty.

Studies in South Africa show that 200 kilowatt-hours per month is the minimum necessary

amount of electricity required. I used this definition in my research to determine the energy

poverty of households.

5.4 Finding the Pseudo-Gini and Kakwani Index

The pseudo-Gini coefficient is a measure of how unequally household carbon emissions are

distributed when ranked by household income. It can be calculated using the following formula:

𝑝𝐺 𝑐( ) = [
2 

𝑖=1

𝑁

∑ 𝑖𝑐
𝑖

𝑁 
𝑖=1

𝑁

∑ 𝑐
𝑖

] − 𝑁+1
𝑁

Where:

- is the carbon footprint from the household order by consumption (not ordered by𝑐
𝑖

𝑖
𝑡ℎ

carbon footprint)

- N is the number of households.

The Kakwani index is simply the difference between the pseudo or quasi-Gini coefficient of

emissions and the Gini coefficient of income. This can theoretically range between -1 and 1. A

positive Kakwani index shows that carbon footprints are less equally distributed than income

while a negative result shows that they are more equally distributed.

I will use the pseudo-Gini index for direct comparison with income inequality. However, when I

decompose the measure of carbon footprint inequality into product categories, I will use the Gini

coefficient of carbon emissions (that is ordered by the carbon emissions of households, rather

than household income). This is the approach adopted by previous studies analysing household

carbon footprint inequality.
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5.5 Gini decomposition

Additionally, I will decompose the Gini coefficient for household carbon consumption to show

how inequality in consumption from different product categories contributes to the overall

inequality in household consumption according to a method described in Seriño (2020). This

allows me to isolate the most important product categories to examine in greater detail which

explain the patterns of overall carbon-footprint consumption. The total carbon consumption Gini

Coefficient is related to the product-specific carbon consumption Gini Coefficients according to

the following formula:
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• is the Gini Coefficient of carbon consumption from the product category.𝐺 𝑐𝑓( )
𝑖
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𝑖
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𝑖

𝑖𝑡ℎ

category compared to total household carbon consumption. It is defined as

where, is the emissions from the particular source, is the rank of𝑅
𝑖 

=
𝐶𝑜𝑣(𝑐𝑓

𝑖
𝑟)

𝐶𝑜𝑣(𝑐𝑓
𝑖
𝑟
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)  𝑐𝑓

𝑖
𝑟

overall carbon footprints, and is the rank of carbon footprints form the product𝑟
𝑖

𝑖
𝑡ℎ

 

category.

To calculate the Gini coefficient of household carbon footprints (both for individual products and

for total footprints) Seriño (2020) and Irfany and Klasen (2016) use the following formula:

𝐺 𝑐𝑓( ) =
2

𝑖=1

𝑛

∑ 𝑖𝑐𝑓
𝑖

𝑛
𝑖

𝑛

∑𝑐𝑓
𝑖

− 𝑛
𝑛+1
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However according to Lerman and Yitzhaki (1989) this formula is unsuitable to estimate the Gini

coefficients using sample data with weights. Without including suggested waits the results show

the Gini coefficient of the Sample, not an estimate of the Gini coefficient of the population.

I, therefore, instead used the formula suggested by Lerman and Yitzhaki (1989):

𝐺 𝑐𝑓( ) =
2

𝑖=1

𝑛

∑ 𝑤
𝑖

𝑐𝑓
𝑖
−𝑐𝑓‾( ) 𝐹

^

𝑖
−𝐹‾( )

𝑐𝑓‾

Where:

• is the carbon footprint of the household and bar.𝑐𝑓
𝑖

𝑖𝑡ℎ

• is the mean of𝑐𝑓‾ 𝑐𝑓

• is the weight of the household and bar.𝑤
𝑖

𝑖𝑡ℎ

• is the cumulative distribution of .𝐹 𝑦( ) 𝑐𝑓

• 𝐹
^

𝑖
=

𝑗=0

𝑖−1

∑
𝑤

𝑗
+𝑤

𝑖

2

• is defined as 0.𝑤
0

6 Results

I will begin this section by presenting the aggregate statistics for carbon footprint inequality and

its relationship to income inequality. These include the pseudo-Gini coefficient of carbon

emissions as well as the Kakwani index which measures how tightly linked carbon footprint

inequality and income inequality are, and the measure of carbon emissions by income decile. I

will also examine how unequal carbon consumption is related to energy poverty as unequal

access to carbon intensive goods such as electricity drives widespread energy poverty in South

Africa. Following this, I will examine the distribution of carbon emissions and household

18



income, by a variety of other demographic categories, including sex and race of household head,

and energy poverty status of the household. Finally, I will examine how the pseudo-Gini

coefficient is disaggregated by consumer product category.

6.1 Carbon inequality and income distribution

Figure 1a: Percentage of National Consumption Carbon Footprint by Income

Source: Authors’ calculations using Stats SA (2015) and Arndt et al (2013).

Figure 1a breaks down the unequal distribution of carbon consumption by income deciles. The

wealthiest 10% of South Africans account for over 30% of carbon emissions due to domestic

household consumption.
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Figure 1b: Percentage of National Consumption Carbon Footprint by Income

Source: Authors’ calculations using Stats SA (2015) and Arndt et al (2013).

Figure 1b shows the distribution of carbon footprints within income categories. I have chosen to

use a logarithmic scale (base 10) on the y axis to make it easier to visually compare results with a

large range. All boxes and whiskers have similar heights, which should be interpreted as having

similar ratios between the upper and lower quartile and between the maximum and minimum

household carbon footprints within each income group. Here within each income group

households at the 75% percentile consume between 2 and 2.5 times the amount of carbon as
20



households at the 25% percentile; while the maximum carbon footprints within each group are

between three and four times the minimum carbon footprints within the group.

The pseudo-Gini coefficient for the CO2 consumption of South African households for the 2014

to 2015 period is 0.676.

6.2 Carbon inequality and energy poverty

Additionally, access to carbon-intensive goods and services (particularly electricity and fossil

fuels) may drive income inequality, rather than just be affected by it. Energy access can form a

vital part of many income generating activities, such as job searching or microenterprises, as well

as education. South Africa’s long history of unequal access to such goods, and current high

levels of energy poverty and unequal access, keep many households trapped at low income

levels.

Figure 2a: Carbon Footprint Distribution by Energy Poverty

Source: Authors’ calculations using Stats SA (2015) and Arndt et al (2013).

As can be seen in Figure 2a, energy-poor households accounted for 40% of the South African

population but less than 20% of South African carbon emissions from consumption.
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Figure 2b: Carbon Footprint Distribution by Energy Poverty

Source: Authors’ calculations using Stats SA (2015) and Arndt et al (2013).

Figure 2b shows that non-energy-poor households have a much wider range of carbon footprints

than energy-poor households. Non-energy-poor households have an interquartile ratio of 3.0 and

a max to min ratio of 6.0, while energy-poor households have an interquartile ratio of 1.8 and a

max to min ratio of 2.8. Further, Figure 2b shows that all energy-poor households have below the

median household carbon footprint.

6.3 Carbon inequality and race

Figure 3a: Percentage of National Consumption Carbon Footprint by Race of Household Head
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Source: Authors’ calculations using Stats SA (2015) and Arndt et al (2013).

As we can see in Figure 3a, household carbon footprints are distributed highly disproportionately

by race of household head for South Africa and appear closely linked to income distribution by

race of household head. On aggregate, households with an Indian, Asian, or Coloured head have

a slightly higher share of income and carbon emissions than their population share, households

with white heads have a much larger share of both income and carbon emissions than their

population share, and households with Black heads have a significantly lower amount of

emissions and income compared to their population share.

23



Figure 3b: Percentage of National Consumption Carbon Footprint by Race of Household Head

Source: Authors’ calculations using Stats SA (2015) and Arndt et al (2013).

Figure 3b shows that Black and Coloured households have much larger within-group carbon

footprint inequality than white or Asian households. Black and coloured households have

interquartile ratios of 3.1 and 3.2 respectively and a max to min ratios of 7.3 and 6.2. In

comparison white and Asian households have interquartile ratios of 2.4 and 2.5 and max to min

ratios of 4.4 and 4.6 respectively.
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6.4 Carbon inequality and gender

Figure 4a: CO2 Emission Disaggregated by Gender of Household Head

Source: Authors’ calculations using Stats SA (2015) and Arndt et al (2013).

As Figure 4a shows, female-headed households consume substantially less carbon on average

than male-headed households, although this is closely tied to differences in income.6

6 Here I have examined data on a household level, rather than on an individual level. This was due to the structure of

the consumption data used. This does indicate the high levels on inequality in access to carbon-intensive goods and

services. Further, consumption patterns are often shaped by household characteristics and consumption cultures

rather than purely individual ones, where activities such as transport and cooking are done at a household level.

However, it does not examine inequality in access to carbon-intensive goods within households, which may further

worsen levels of energy, poverty, and inequality. For example, the use of the gender of the household head has been

criticised as a tool for understanding gender inequality in access to resources, as it directs attention away from

gendered inequality and poverty within male headed households, which appear to be better off on a household level.
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Figure 4b: CO2 Emission Disaggregated by Gender of Household Head

Source: Authors’ calculations using Stats SA (2015) and Arndt et al (2013).

Figure 4b shows high levels of within-group inequality for both female-headed and male-headed

households, though the inequality is greater among male headed households. Female and male

headed households have interquartile ratios of 3.2 and 4.2 respectively, and max to min ratios of

7.0 and 10.5.
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6.5 Spatial distribution of household carbon emission

Figure 5a: CO2 Emissions by Province

Source: Authors’ calculations using Stats SA (2015) and Arndt et al (2013).
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Figure 6a: CO2 Emissions by Settlement Type

Source: Authors’ calculations using Stats SA (2015) and Arndt et al (2013).

Looking at the spatial distribution of households, we can see in Figure 6a that urbanisation

results in much higher levels of carbon consumption with formal urban households accounting

for roughly 60% of the South African population but just over 80% of household carbon

footprints. Additionally, as shown in Figure 5a, carbon consumption is concentrated heavily in

wealthier provinces.
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Figure 5b: CO2 Emissions by Province

Source: Authors’ calculations using Stats SA (2015) and Arndt et al (2013).

We can see from Figure 5b that the median household carbon footprint in Gauteng and the

Western Cape is roughly two and half times the median household carbon footprint in the Eastern

Cape or Limpopo. Further, it shows high levels of inequality within each province, with

interquartile ratios of between 3.0 and 4.5 and min max ratios of between 5.7 and 10.3.
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Figure 6b: CO2 Emissions by Settlement Type

Source: Authors’ calculations using Stats SA (2015) and Arndt et al (2013).

Figure 6b shows a large within-group inequality for households in rural formal households and

urban formal households with lower levels of within-group inequality for urban informal

households and households in traditional areas.
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6.6 Carbon inequality and household size

Looking at household size, we see in Figure 7a that cumulative household earnings and carbon

footprints rise with household size until five members, after which they decline. Though as the

number of people increases, the proportion of the general population represented in households

of that size rapidly decreases. Figure 7b shows that median household CO2 emissions, however,

remain relatively stable as household size increases, though it is important to note that there is a

very small sample size for larger households, so the results are less reliable as household size

increases. This suggests that household carbon footprints do not rise with household size beyond

a certain point. This is likely due to the variation of income with household size but may also

indicate that the consumption of some carbon-intensive goods, such as electricity, do not scale

with household size beyond that point. Additionally, the sample size for larger households is

quite small, so the data is only reliable for relatively small household sizes.

Figure 7a: CO2 Emissions by Household Size

Source: Authors’ calculations using Stats SA (2015) and Arndt et al (2013).
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Figure 7b: CO2 Emissions by Household Size

Source: Authors’ calculations using Stats SA (2015) and Arndt et al (2013).

6.7 Carbon inequality by product category

Household carbon footprints can be broken down into product categories as shown in the Figure

8 below. Electricity and fossil fuels account for the largest proportions of household carbon

emissions, while these only account for a small fraction of household expenditure.
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Figure 8: (Percentage of National Consumption Carbon Footprint by Product Category)

Source: Authors’ calculations using Stats SA (2015) and Arndt et al (2013).

The decomposition of the carbon footprint Gini Coefficient by product category is shown in

Table 1 in Appendix B. Although electricity consumption is relatively more evenly distributed

than many other carbon-intense products with a Gini coefficient of 5.8, its large share of

household carbon footprints (accounting for 47% of households total carbon footprints) means

that it results in the most significant contribution to household emissions inequality.

Petrochemicals contribute 10% to household carbon emissions while accommodation contributes

another 8%.

In conclusion, the results show a wide range of intersecting inequality shaping South African

household carbon footprints. These carbon footprints are dominated by electricity provision and

products associated with road-based transport. South Africa has a high level of carbon footprint

inequality in relation to income, race, and gender in comparison with other countries. This means
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that the national carbon consumption is extremely high and unsustainable which means many

houses cannot access carbon intensive necessities and face energy and transport poverty.

7 Discussion

In this section I will discuss the results presented above. I compare the results to the results of

studies of carbon footprint inequality in other countries, as well as drawing on wider literature on

South African inequality and consumption patterns to interpret and contextualise the results.

The results from Figure 1a show a much higher level of inequality than Starr et al. (2023) find

for the US, with the top 10% of South Africans responsible for over 32% of national emissions

as opposed to 23% in the US, and the bottom 50% of South Africans responsible for only 21% as

opposed to 31% in the US.

South Africa has high levels of income inequality, which have been reproduced over a collection

of intersecting forms of power imbalances in post-apartheid South Africa. Policies have been an

important part of poverty reduction through expanded grant systems and expanded basic service

provision. However, poverty and inequality reduction remain constrained by the constitutional

protection of property rights established during apartheid as well as macroeconomic policies

aimed primarily at creating a stable environment for domestic and foreign private investment

(Francis & Webster, 2019). Nevertheless, significant extensions of access to electricity mean that

despite the high levels of inequality and poverty, many poor South African households still have

some access to electricity (Sarkodie and Adams, 2020). This results in carbon footprint

inequality being lower than income inequality.

The pseudo-Gini coefficient for South African CO2 shows a much higher inequality in the levels

of carbon consumption than for other developing countries studied. For example, Irfany and

Klasen (2016) found a pseudo-Gini coefficient of 0.409 for Indonesia in 2009, and Seriño (2020)

found a carbon pseudo-Gini coefficient of 0.475 in 2006 for the Philippines.

This shows a similar pattern to measures of income inequality for the three countries. This can be

seen through the relatively small Kakwani indexes of carbon footprint inequality relative to

income inequality. (Within this context, the Kakwani index measures the differences between

carbon footprint inequality and income inequality and is found by subtracting the household Gini
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coefficient from the carbon footprint pseudo-Gini coefficient). Within my study I found a

Kakwani index of 0.015. While Kakwani indexes reported by Irfany and Klasen (2016) and

Seriño (2020) vary between −0.023 and 0.028 showing that there is very little variation between

income inequality and carbon footprint inequality and that carbon emissions may be more or less

equally distributed than income.7

The results in Figure 3a on carbon footprints by race of household head follows similar patterns

to Starr et al.’s (2023) results in the US, which find that white US households have emissions

that are on average 13% higher than Hispanic households and 33% higher than for Black

households. However, the racial inequality in South Africa is much larger, as households with

white heads have carbon footprints 302% greater than households with Black heads, 103%

greater than households with Coloured heads, and 43% greater than households with Indian or

Asian heads.

In comparison to Irfany and Klasen (2016) and Seriño (2020), there is a much lower significance

around food, particularly animal agriculture in Figure 8. This is because the estimates of industry

carbon intensity I have used are derived from the South African energy balance and account for

carbon emissions only (not carbon equivalent emissions, which include emissions of other

greenhouse gases such as methane). Additionally, it is difficult to theoretically attribute the

emissions related to investments (as the investment goes into further production of other

consumer goods) (Chancel & Piketty 2015). However, Starr et al. (2023), appear to have

attributed a much greater carbon intensity to investment than I have. Because of the large

differences in weighting for different product categories, direct comparison to see differences in

consumption patterns between the various countries studied in earlier articles cannot be

meaningfully done.

7 To contextualise these Kakwani coefficients, it may be useful to compare them to the common range of Kakwani
coefficients found in tax systems. This is a strained comparison but helps to emphasise how small the Kakwani
coefficients of carbon emissions are. Kakwani indexes for tax measure how progressive tax systems are with larger
negative numbers showing that income is more unequally distributed than tax. For example, in 2010, South Africa’s
Kakwani index for direct tax was -0.13 while Mexico’s Kakwani index for direct tax was -0.30 (World Bank .,
2014). These are about an order of magnitude larger than the Kakwani indexes of carbon emissions.
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8 Systems of provisioning

In Section 7.7 and Appendix B, I identified electricity and transport as the product categories

most relevant to household carbon consumption and inequality. I will now examine the systems

of provisioning for these carbon intensive goods within South Africa. This will give a deeper

understanding of the complex political and economic systems driving carbon intensity and

inequality within South Africa.

The systems of provisioning approach examines how consumption is shaped by wider social,

economic, and political relations (Fine, 2013). It is a theoretical approach used to understand

consumption focusing on its relationship to larger systems of production, accumulation, social

reproduction, and dispossession. Typically, this approach is used to examine smaller vertically

integrated systems of provisioning such as food, clothing, or housing systems of provisioning,

and such an approach may not be useful when considering the consumption of

emission-intensive goods as a whole. However, considering how forces outside of direct

consumer preferences shape consumption of such carbon-intensive categories of consumer

goods, such as energy and transport, is important. These have been shown above to be the key

sources of carbon footprint inequality in the results section above.

The SoP approach is also important to understand policy solutions to reducing household

emissions by envisioning more systemic ways to reduce household carbon consumption and

reduce inequality within carbon-intensive systems of provisioning.

SoP for transport and electricity in South Africa are socially contested based on: concerns about

access to cheap energy and transport; concerns for local environmental quality in terms of air,

water, and soil pollution associated with heavy fossil fuel usage and struggles for land rights; and

more recent contestation based on reducing greenhouse gas emissions (Schaffartzik et al ., 2021).

In the next subsections I will examine existing literature on how the systems of provisioning

approach can help analyse household consumption of transport and energy, both in South Africa

and internationally. This shows how consumption of these goods is shaped by contestations of

access to state infrastructure and large concentrated systems of production demanding and

supplying electricity.
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Figure 4a shows a significantly larger gap carbon footprint based on gender of household head

than Irfany and Klasen (2016) found in their study on Indonesian households where they found

that the mean for male-headed households’ footprint was only 2% higher than for female headed

households in 2005, and that this had reversed by 2009. Ngarava et al. (2022) suggest that

patterns of electricity usage in South Africa vary with the gender of head of household. As many

energy-intensive household tasks, such as cleaning and cooking, are treated as gendered,

female-headed households are more likely to prioritise electricity spending which makes these

tasks easier or faster.

8.1 Electricity SoPs

Schaffartzik et al. (2021) use the SoP approach to examine fossil fuel energy provisioning

systems using examples from a wide range of countries. This is central to understanding the

distribution of household carbon footprints in South Africa because, as shown above in the

results section, electricity consumption is the largest contribution to households’ carbon

emissions and is relatively evenly distributed in comparison with income. They argue that

large-scale infrastructure and political economic and social factors lock in to dominate these

SoPs which heavily shape the consumption patterns and carbon footprints of consumers.

In South Africa, household energy access and consumption historically developed in tight

coordination with a set of mining and mineral beneficiation industries known as the

Minerals-Energy Complex (MEC) (Essex, & de Groot, 2019) .These industries benefited

significantly from large amounts of cheap electricity from coal-fired power stations. This was

paired with very unequal patterns of household electrification under apartheid.

After apartheid, significant policy focus was put in place to expand electricity access and use. A

widespread programme of electrification was implemented, increasing the rate of households

with electricity access to 85.9% in 2014 (World Health Organization, 2022). In addition, a

subsidy program, Free Basic Electricity (FBE), was implemented to provide indigent households

with 50 Megawatt hours per month. This programme was managed at a municipal level and

hence resulted in substantial geographical variation (Ye et al., 2018). Additionally, some policy

attempts have been made at giving poor households access to small-scale renewable energy
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(particularly for water heating which accounts for roughly 50% of households’ electricity usage)

(Ngarava et al., 2022).

Parallel to this expansion in grid access, South Africa has shifted towards prepaid meters. Such a

shift may result in more conscious energy use practices within households. However, this will

likely place an excessive burden on poorer households for two reasons. First, it is often seen as a

solution to non-payment either by providers or landlords (which is more likely to affect more

financially precarious households). Some municipalities require prepaid meters for households to

be recipients of FBE (this is important because, as discussed later, FBE falls substantially below

households’ basic needs). Second, the rates on pre-paid electricity are higher than the other forms

of household electricity tariffs (Ye et al., 2018).

The post-apartheid government planned to privatise significant amounts of energy generation in

line with a general neoliberal policy agenda. While the full realisation of this has been contested

and delayed, it prevented Eskom from investing in new generation capacity from 2001-2004,

particularly in renewables. Additionally, maintenance was reduced. After 2004, a new build

project was planned for Eskom including two massive new, state-owned coal power stations

(Medupi and Kusile). These projects were mismanaged and significantly delayed, and they

substantially increased the debt burden of Eskom (Phalatse, S. and Isaacs, G, 2020).

In addition to this, several renewable energy stations were set up as Independent Power

Producers (IPPs). While such programmes decreased the coal intensity of the South African

electricity supply, they form part of a contested shift towards privatisation (Bowman, 2020), and

increasing financialisation. Both Eskom’s substantial debt and private interests from IPPs have

resulted in calls to increase electricity tariffs to be more “cost reflective” (Eskom, 2022).

Additionally, load shedding has played a significant role in shaping households’ energy access

within South Africa, as Eskom has not been able to provide consistent energy access. This is

worsened by load reduction in poor areas, which often leads to much longer outages.

Thus, the inequality and intensity of energy consumption within South Africa is shaped by the

dominance of the MEC and entrenched but contested systems of racial and spatial inequality, as

well as attempts to push the costs of emission reduction onto poorer households.
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This shows that household electricity consumption is not a simple result of individual

behavioural responses to either changes in electricity use, or propaganda encouraging socially

responsible electricity use, but of complex social forces both inside and outside the household.

8.2 Road-Based Transport SoPs

As shown in Appendix B, road-based transport is responsible for a large amount of South

African carbon emission and highly unequal consumption patterns. Petroleum products account

for 10.2 percent of carbon emissions from South African households; these are extremely

unequally consumed with a Gini coefficient of 0.838 and highly correlated with income

inequality with a correlation score R of 0.907. Motor vehicles and parts also contribute a small

but significant amount of emission making up 2.7% of household emissions which are also

highly unequal with a Gini coefficient of 0.997 and tightly linked to income inequality with a

correlation score of 0.889. In comparison, passenger transport accounts for only 2% of household

emissions and is much more evenly distributed with a Gini coefficient of 0.63 and a correlation

score of 0.183 (Considering the low correlation score this Gini coefficient still represent a highly

unequal use of passenger transport, but likely due to consumer choice rather than budget

constraints). This shows systems of transport provisioning may reveal important underlying force

shaping households carbon consumption.

Shaw (2006) argues that South Africa’s post-apartheid transport system is constrained by many

of the same challenges as other middle-income developing countries: rising private car

ownership and use, insufficient funding for public transport, poor coordination of public

transport, a large informal low-capacity passenger transport industry, and high amounts of

transport poverty. This interlinks with a complex system of accommodation provisioning which

shapes the high and unequal demand for transport in South Africa. Legacies of apartheid

planning persist, with a large poor population living in the peripheries of cities and requiring

long commutes to access work and services. Additionally, policy such as single-use zoning

creates an urban pattern which makes pedestrianism more difficult. Further, recent investment in

public transport has focused on projects aimed at higher income groups (while also being
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subsidised), been poorly coordinated with land development, and had limited effects on reducing

congestion (McKay, 2020).

Mattioli et al. (2020) argue that the SoP approach can be used to draw a more unified

understanding from existing research on car dependence. Further, they argue that although

existing literature on car dependence includes detailed understandings of social attitudes, built

environments, and social practices, they often overlook political and economic factors,

suggesting solutions in a technical or apolitical manner. They draw from a wide range of

literature on car dependency in both developed and developing countries. They use this to

provide a relatively abstract model of the global and national political economy forces which

shape transport systems in many countries.

This can form a useful complement to existing research on transport systems in South Africa

which often engage with such political economic systems in a relatively limited manner. For

example, Shaw (2006) and McKay (2020) examine the effects economics of a few, more visible

groups on the supply side such as taxi drivers in detail, but the potential political sway of the

auto-industry, both locally and globally, remains unexamined.

Mattioli et al. (2020) argue that production and state systems promote car-based transport, which

leads to a consumer culture that reinforces this pattern. Car production is limited by capital

intensity and economies of scale, and car manufacturing is often highly concentrated. This

increases the capacity for political organising and lobbying for state policy to support the auto

industry. State support for the auto industry is seen in subsidies and spatial development patterns

that prioritise car ownership. Alternative public transport systems suffer due to neoliberal

reforms, and subsidies for car-based systems have become naturalised over time, fostering car

dependence. This system leads to an unequal and carbon-intensive way of meeting basic

household needs in many countries, including South Africa.

9 Policy Implications

This study shows that in South Africa carbon footprints are dominated by electricity and

road-based transport, so that consumer goods categories associated only with luxury

consumption are not sources of significant pollution. Instead, progressive reforms in both
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electricity and transport systems of provisioning appear to be more promising avenues to reduce

both total emissions and inequality. Policies could still aim to curtail the excessive use of these

resources by wealthier groups, while ensuring workers are protected where demand is reduced.

However, attempts to reduce the carbon intensive consumption of poor households must ensure

that they do not undermine basic needs and should ensure that affordable and high-quality

renewable technologies are allocated to these groups. This would ensure poor and low-income

households are not being made to bear the burden of a transition away from a fossil fuel-based

system they are least responsible for.

However, designing viable policies which achieve a just transition is still a significant challenge,

because:

• Wealthy income groups hold a lot of political power and may oppose policies designed to

significantly reduce their high CO2 consumption.

• Many high CO2 goods are consumed both by rich and poor income groups, so placing

increased production costs for transitioning only on wealthier groups is difficult.

• Employment is highly dependent on value chains producing consumer goods for wealthy

income groups both domestically and in the form of exports. While domestically income

could be transferred through progressive taxation and social grants rather than through

purchasing carbon-intensive goods, for higher-income groups, internationally this is not

possible. Further, even domestically the degree to which transfers can reduce inequality

without creating an industrial structure with many high-paying jobs may be limited.

Looking at how different policy options for reducing carbon emissions may affect the

distribution and inequality of household carbon footprints, as well as the total levels of carbon

emissions, is important.

A common policy tool, carbon pricing, does not offer an effective solution for reducing carbon

emissions and threatens to worsen carbon inequality. Carbon pricing relies on market-based

mechanisms to incentivise consumers and producers to align their carbon emissions optimally

given their true social cost. Apart from the political challenges in implementing a large enough
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price to increase private costs to social costs, such a price-based mechanism allocates permission

to pollute to those who can pay. Starr et al. (2023) find that lower-income households would face

drastic reductions in their overall consumption (52% for the lowest income decile in the US)

while wealthy households’ consumption patterns would be largely unaffected. Additionally, the

idea of high carbon pricing alongside redistribution (a Pareto optimal solution in a simplistic

neoclassical model) is also unlikely to be effective as powerful groups who shape policy are

unlikely to accept such a degree of redistributive policies necessary to ensure lower-income

groups are not adversely affected by high carbon prices.

Instead, as carbon-intensive consumption is currently required to meet many basic needs,

considering whether such rights to polluting goods and services should not be allocated on a

more equitable basis, essentially carbon rationing rather than carbon pricing, is important. Wood

et al., (2023) argue that non-tradable carbon rationing has been widely ignored in the literature

on climate policy and argues that this policy would enable states to reduce carbon emissions both

rapidly and equitably. Here they draw on inspiration from world war two rationing in Britain.

Further, many authors have argued that market responses to price increases may in fact be

insufficient and argue that more interventionist policy (loosely modelled on industrial policy)

should be used to reshape industries to reduce carbon emissions in a more just and significant

way. This would entail large scale interventionist reshaping of core carbon intensive systems of

provisioning. A significant state role in provisioning systems for affordable renewable energy

and public transport must play a pivotal role in allowing households to maintain their quality of

life while reducing their carbon emissions.

10 Conclusion

In this study I have used a common method to estimate levels of national carbon footprint

inequality, by pairing industrial carbon intensity with an IO table and data on household

consumption. I have paired household consumption data from the Stats SA Living Conditions

Survey, with estimates of consumer goods carbon intensity calculated from using the

input-output method by Arndt et al. (2013). The data presented here could be expanded in many

ways, including with more detailed and recent estimates of product carbon intensity, and
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including additional household surveys. However, this initial analysis is highly revealing and the

first of its kind in South Africa.

The results show large class, gender, and racial disparities in carbon footprints. These levels of

inequality show higher levels of national carbon footprint inequality than exists in other

developing countries studied. This result mirrors South Africa’s high income and wealth

inequality. This stems from South Africa’s apartheid history of unequal racially and spatially

divided access to major carbon intensive products, as well as a more recent history of limited

progressive social policy combined with a broader neoliberal policy focus.

Electricity and transport represent the largest drivers of household carbon footprints in South

Africa and thus represent clear focus areas for decarbonisation developed in tight coordination

with the MEC. Electricity is both heavily carbon intensive and highly unequally distributed in

South Africa. Many households live in energy poverty, and attempts to reduce South Africa’s

carbon footprint must improve and not exacerbate this. Transport systems of provision are

unnecessarily dominated by road-based transport, which results in much higher emissions, and

more unequal access, than more public transport systems.

In conclusion, it is vital to consider inequality when considering how to reduce the carbon

footprint of South African households. There is little room to reduce carbon footprints for

low-income households, without substantial increases in access to affordable low carbon energy

and transport systems. Instead, attempts to contain South Africa’s carbon footprints should focus

on high-income groups’ consumption. Sustainable development and a just transition will require

prioritising energy to meet the basic needs of the South African population as well as reshaping

larger systems of provisioning to allow for needs to be met in less energy intensive (or carbon

intensive) ways.
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12 Appendix A

Table 1: Consumer Category to IO category

Consumer Category (LCS) IO category (as assigned by
author)

Accommodation services Accommodation

Actual rentals paid by tenants Accommodation

Imputed rentals of owner-occupiers Accommodation

Interest on mortgage bonds Accommodation

Beer Alcohol & beverages

Beverages in restaurants, cafes, canteens, and the likes Alcohol & beverages

Coffee, tea, and cocoa Alcohol & beverages

Spirits Alcohol & beverages

Wine Alcohol & beverages

Cultural services All other services

Domestics services and household articles All other services

Games of chances All other services

Hairdressing salons and personal grooming establishment All other services

Other services All other services

Other services relating to the dwelling All other services

Recreational and sporting services All other services

Veterinary and other services All other services

Fuels and lubricants Petroleum products
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Carpets and other floor covering Carpets

Meals in restaurants, cafes, canteens, and the likes Catering services

Solid fuels Coal & Lignite

Service of the maintenance and repair of the dwelling_(431) Construction

Service of the maintenance and repair of the dwelling_(432) Construction

Consumption Unclassified Diary Items Dairy products

Milk, cheese, and eggs Dairy products

Electrical appliances for personal care Domestic appliances

Major household appliances whether or no electrical Domestic appliances

Other appliances, articles, and products for personal care Domestic appliances

Repair of household appliance Domestic appliances

Small electrical household appliance Domestic appliances

Small tools and miscellaneous accessories Domestic appliances

Spare parts and accessories Domestic appliances

Higher education Education services

Pre-primary and primary education Education services

Secondary education public paid by means of loans Education services

Tertiary education Education services

Photographic and cinematographic equipment and optical
instruments Electrical machinery

Electricity Electricity distribution

Water and Electricity Electricity distribution
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Fish Fish

Repair and hire of footwear Footwear

Shoes and other footwear Footwear

Fruits Fruit & nuts

Furniture and furnishings Furniture

Repair of furniture, furnishings, and floor covering Furniture

Major tools and equipment General machinery

Glassware, tableware, and household utensils Glass products

Bread and cereals Grain mill products

Dental services Health & social services

Hospital services Health & social services

Medical services Health & social services

Paramedic services Health & social services

Social protection services Health & social services

Insurance connected with the dwelling Insurance & pensions

Insurance connected with the health Insurance & pensions

Insurance connected with the transport Insurance & pensions

Life insurance Insurance & pensions

Other insurance Insurance & pensions

Jewellery, clocks, and watches Jewellery

Pets and related products Live animal
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Household textile Made-up textiles & related
articles

Meat Meat

Therapeutic appliances and equipment Medical appliances

Motorcars Motor vehicles & parts

Gas Natural gas

Oils and fats Oils & fats

Food products n.e.c. Other foods

Unclassified food items Other foods

Equipment for sport, camping, and open-air recreation Other manufactured products

Games, toys, and hobbies Other manufactured products

Gardens, plants, and flowers Other manufactured products

Non-durable household goods Other manufactured products

Other personal effects Other manufactured products

Stationery and drawing materials Other manufactured products

Maintenance and repairs of personal transport equipment Other transport equipment

Other services in respect of personal transport equipment Other transport equipment

Books Paper products

Miscellaneous printed matter Paper products

Newspaper and periodicals Paper products

Passenger transport by air Air transport (Sector)

Passenger transport by railway Passenger transport
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Passenger transport by road Passenger transport

Passenger transport by sea and inland waterway Water transport (Sector)

Other medical products Pharmaceutical products

Pharmaceutical products Pharmaceutical products

Postal services Postal & courier services

Refuse collection Sewerage refuse & sanitation
(Sector)

Sewerage collection Sewerage refuse & sanitation
(Sector)

Mineral waters, soft drinks, fruit, and vegetable juices Soft drinks

Sugar, jam, honey, chocolate, and confectionery Sugar

Equipment for the reception, recording, and reproduction of
sound and pictures Telecommunication

Information processing equipment Telecommunication

Recording media Telecommunication

Telephone and telefax equipment Telecommunication

Telephone and telefax services Telecommunication

Clothing materials Textile fabrics

Tobacco Tobacco products

Vegetables Vegetables

Water supply Water distribution

Cleaning, repair, and hire of clothing Wearing apparel

Garments Wearing apparel
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Other articles of clothing and clothing accessories Wearing apparel

13 Appendix B

Table 1: Decomposition of pseudo-Gini by product category

Industry

Contribution to CO2

Gini

Product CO2

Gini R

Product CO2

Share

Electricity distribution 0.25 0.579 0.913 0.472

Petroleum products 0.078 0.838 0.907 0.102

Accommodation 0.029 0.816 0.412 0.085

Motor vehicles & parts 0.023 0.977 0.889 0.027

Water distribution 0.016 0.899 0.776 0.023

All other services 0.012 0.761 0.382 0.041

Coal & Lignite 0.01 0.964 0.444 0.022

Construction 0.008 0.96 0.733 0.012

Natural gas 0.008 0.992 0.792 0.01

Education services 0.008 0.911 0.693 0.012

Telecommunication 0.007 0.665 0.434 0.024

Paper products 0.006 0.923 0.719 0.009

Meat 0.005 0.622 0.504 0.016

Wearing apparel 0.003 0.65 0.398 0.012

Catering services 0.003 0.869 0.568 0.006

Air transport (Sector) 0.003 0.993 0.924 0.003

Insurance & pensions 0.003 0.773 0.485 0.007
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Industry

Contribution to CO2

Gini

Product CO2

Gini R

Product CO2

Share

Dairy products 0.003 0.63 0.505 0.008

Health & social services 0.002 0.899 0.579 0.005

Passenger transport 0.002 0.63 0.185 0.02

Grain mill products 0.002 0.469 0.24 0.02

Domestic appliances 0.002 0.734 0.305 0.009

Other transport equipment 0.002 0.886 0.687 0.003

Vegetables 0.002 0.578 0.397 0.008

Made-up textiles & related

articles

0.002 0.871 0.475 0.004

Other foods 0.002 0.847 0.387 0.005

Furniture 0.001 0.965 0.515 0.003

Fruit & nuts 0.001 0.845 0.629 0.002

Sewerage refuse & sanitation

(Sector)

0.001 0.844 0.597 0.002

Footwear 0.001 0.655 0.439 0.004

Soft drinks 0.001 0.674 0.466 0.003

Sugar 0.001 0.726 0.305 0.004

Live animals 0.001 0.956 0.818 0.001

Alcohol & beverages 0.001 0.796 0.324 0.003

Pharmaceutical products 0.001 0.868 0.58 0.001

Fish 0.001 0.846 0.356 0.002

Jewellery 0.001 0.972 0.761 0.001

Oils & fats 0.001 0.718 0.289 0.003

Other manufactured products 0.0 0.71 0.325 0.002

Glass products 0.0 0.933 0.495 0.001
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Industry

Contribution to CO2

Gini

Product CO2

Gini R

Product CO2

Share

Tobacco products 0.0 0.923 0.297 0.001

Postal & courier services 0.0 0.954 0.593 0.0

Electrical machinery 0.0 0.997 0.823 0.0

Textile fabrics 0.0 0.987 0.519 0.0

General machinery 0.0 0.994 0.876 0.0

Carpets 0.0 0.986 0.53 0.0

Medical appliances 0.0 0.996 0.854 0.0

Water transport (Sector) 0.0 1.0 0.867 0.0
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