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h i g h l i g h t s

� Median annual carbon emissions from household end-use energy demand was 6744 kg CO2e.
� One third of the households were responsible for over half of the carbon emissions.
� There was considerable organic carbon stored in gardens.
� Emissions from transport, gas and electricity demands should all be considered.
� An individual emissions source cannot be used as a marker for high total emissions.
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a b s t r a c t

There is currently a lack of data recording the carbon and emissions inventory at household level. This
paper presents a multi-disciplinary, bottom-up approach for estimation and analysis of the carbon
emissions, and the organic carbon (OC) stored in gardens, using a sample of 575 households across a
UK city. The annual emission of carbon dioxide emissions from energy used in the homes was measured,
personal transport emissions were assessed through a household survey and OC stores estimated from
soil sampling and vegetation surveys. The results showed that overall carbon patterns were skewed with
highest emitting third of the households being responsible for more than 50% of the emissions and
around 50% of garden OC storage. There was diversity in the relative contribution that gas, electricity
and personal transport made to each household’s total and different patterns were observed for high,
medium and low emitting households. Targeting households with high carbon emissions from one source
would not reliably identify them as high emitters overall. While carbon emissions could not be offset by
growing trees in gardens, there were considerable amounts of stored OC in gardens which ought to be
protected. Exploratory analysis of the multiple drivers of emissions was conducted using a combination
of primary and secondary data. These findings will be relevant in devising effective policy instruments for
combatting city scale green-house gas emissions from domestic end-use energy demand.
� 2015 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).

1. Introduction

This paper addresses domestic sector energy consumption, and
the measurement of household’s carbon and emissions inventory
in a UK city.

The Intergovernmental Panel on Climate Change have warned
of the global dangers to people and ecosystems of continued green-
house gas emissions [1]. Households are one of the largest contrib-
utors globally [2] and urban areas are responsible for in excess of
70% of global carbon emissions [3]. Reducing the emissions from
households in our cities is a significant international challenge
requiring not just energy demand reduction but also by an increase
in carbon sinks using ‘green space’ [4].
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The UK Climate Change Act of 2008 [5] has set a stringent target
to reduce national carbon emissions by 80% (on 1990 levels) by
2050 and buildings, transport and planning have been identified
as three key areas for action [6]. The measurement of carbon and
emissions inventories has been recognised as a key component of
policies aimed at emissions reduction [7,8]. There is significant
variation in the carbon emissions from households [9] and their
rank order distribution demonstrates a tail of high emissions
[10]. Higher energy users have greater potential to save energy
[11] and emissions reduction policy might therefore best focus
on the high emitters first [12], but the identify of high emitting
households is not clear.

Signatories to the Kyoto Protocol are required to quantify accu-
rately the national organic carbon (OC) stocks, including those held
within urban areas. Previous urban storage estimates in UK carbon
inventories were based on untested assumptions and predicted
extremely low levels of OC storage in cities and towns, including
domestic gardens [13–17]. However, there is increasing evidence
that these urban areas are storingmuch larger quantities of OC than
previously recognised [18–22]. It has also been shown that urban
gardens offer potential for increasing OC storage in vegetation,
due to lower tree cover and a large proportion of small trees in
the existing garden population [19]. A question remains as to what
proportion of a household’s emissions can be offset by their gardens.

There is currently a lack of data recording the carbon and emis-
sions inventory at household level with previous studies limited to
a single fuel (e.g. [23]), confounded by results aggregated over hun-
dreds of houses (e.g. [24]), or carried out at the national scale (e.g.
[25]). The magnitude of household emissions have been shown to
be influenced by a variety of socio-demographic factors including
income, vehicle ownership, size of house, the number of occupants
and working from home [23,24,26–29]; but the patterns in univari-
ate analysis have not been clear [27].

This paper addresses a gap in the literature by presenting
household level carbon emissions and organic carbon inventory
results calculated from measurements made during the 4 M pro-
ject [12]: a study of 575 households across the mid-sized UK city
of Leicester, which has a population 330,000 [30]. This custom
inventory includes emissions from the ‘direct energy’ used by the
household in their home and personal transport i.e. grid supplied
natural gas, grid supplied electricity, and petrol and diesel used
in household members’ personal transport [31]. It also includes
an estimation of the OC stored in the vegetation and soil of each
household’s garden.

The emissions are reported as an annual rate (kg CO2e per year)
while OC storage accumulates over centuries and is treated as a
static total (kg CO2e). All results are reported per household, rather
than per capita, as many emissions, such as those from space heat-
ing, are shared within households [32] and follows the recommen-
dation that ‘‘future research should perhaps focus more on the
household and less on the individual consumer, as the key unit
of analysis” ([33] p6118).

This study provides a first assessment of the distributions of
carbon emissions, and OC stored in gardens, for different house-
holds. It seeks to understand those distributions using multiple,
socio-technical characteristics. To the author’s knowledge this is
the first ever attempt to measure and analyse the variations in
households’ carbon and emissions inventory across a city.

2. Methods

2.1. Study location

Leicester is located in the East Midlands region of England
(Fig. 1), it is the 13th largest UK city with c330,00 persons living

in 123,100 households [34]. Gross disposable household income
was £11,739 per head in Leicester in 2013, compared to a UK aver-
age of £17,559 [35]. The city encompasses a land area of approxi-
mately 73 km2 (as defined by the unitary authority boundary)
with urban roads, buildings, and other artificial surfaces covering
43% of the land surface while urban green space covers 57% (one
third of which is green space in residential gardens) [20]. Leicester
experiences average (1981–2010) monthly temperatures of mini-
mum 0.9 �C in February and maximum 22.2 �C in July; annual aver-
ages range between 5.9 �C and 13.8 �C, with 1,438 h of sunshine
per year and 675 mm of rainfall [36]. Annual carbon emissions
within the scope of influence of the local authority (industry, com-
mercial, domestic and road transport) were 5800 kg CO2 per capita
in 2009 for the then population of 304,700, compared with a
national total of 6,400 kg CO2 per capita [37].

2.2. Data collection

The analysis described here used data drawn from the 4 M
multi-stage household study [12]. An initial household question-
naire was developed for delivery by an independent social research
institute, The National Centre for Social Research (Natcen), using a
face-to-face computer-assisted interview format. Questions were
designed to collect details about the usage of private (individual/
shared) and company cars, home energy use, garden management
practices, type of dwelling (e.g. semi-detached, terraced), socio-
demographics (e.g. gender, income, occupation) and household
composition (e.g. number of people residing in household, age of
household members). Additional consent was sought for acquiring

Fig. 1. The East Midlands (shaded grey) and Leicester (shaded black) within
England.
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