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Abstract: This paper reports the carbon emission of households of Bhilai, Durg, Rajnandgaon region of
Chbhattisgarh, India and their correlation with the income and household size. The total direct carbon emission
is studied against the three household CO, emission activities viz. energy, transport (petrol), and LPG (liquefied
petroleum gas) for different income groups. The ANOVA and linear regression model study of the area reveals
that the highest contributor for total primary CO, emission is household energy uses; on the contrary the emission
from LPG uses has the highest impact for every unit difference in uses. Notwithstanding the income is positively
correlated with energy uses while an LPG emission remains almost constant for all income groups. The study
of impact of household size on total primary CO, emission put forward the adults have more impact with a
coefficient value of 24.2 units as compared to 17.1 for children. The income is positively correlated with total
primary emission but household’s characteristics influence emissions differently for low, middle and high income
groups. Hence household’s size and CO, emission from different activities have greater impact on total emission

than income. For emission reduction policies those areas should be targeted.
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Introduction

One of the most challenging issues of 21st century is
global warming which is changing the earth’s climate
system due to emissions of greenhouse gases from
different anthropogenic activities. In coming decades,
the human induced greenhouse gases release into the
atmosphere might cause serious, potentially irreversible
changes to the global climate (IPCC, 2014). This is
already being experienced in several parts of the world
(IPCC, 2007b). More than half of the world’s population
is living in cities and urbanization is transforming the
global environment at unparalleled rates and scales (Seto
etal., 2011; Grimm et al., 2008). Cities are estimated to
account for about 78% of total global greenhouse gas
(GHG) emissions, but are also the loci for innovative
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solutions to reduce emissions (Pataki et al., 2006; Bai,
2007; Kennedy et al., 2010; Lin et al., 2010; Dhakal,
2010; Kaye et al., 2006). Carbon management in cities
is increasingly focusing on individual households, and
communities due to population growth and improved
living standards of urban residents (Jones et al., 2011;
HM Government, 2006; Dietz et al., 2009; Druckman
et al., 2009; Wang et al., 2009; Feng et al., 2010).
Household lifestyle has been recognized as a major
driver of energy use and related GHG emissions besides
technology efficiency (Lenzen et al., 2011; Bai et al.,
2012; Weisz et al., 2010; Schipper et al., 1989; Weiy
et al., 2007; Jones et al., 2011). Since cities are getting
more attention in reducing carbon emission, this study
of primary carbon footprint of BDR (Bhilai, Durg and
Rajnandgaon) region of Chhattisgarh, India could result
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in finding the innovative solutions to reduce the CO,
emission from households and help government in
framing tailor-made policies for reducing greenhouse
gas emissions of the cities.

A carbon footprint can broadly be defined as a
measure of the greenhouse gas (GHG) emissions that
are directly and indirectly caused by an activity or are
accumulated over the life stages of a product or service,
expressed in carbon dioxide equivalents (Wiedmann
et al., 2007). A carbon footprint is a measure of an
individual’s contribution to global warming in terms
of the amount of greenhouse gases produced by an
individual and is measured in units of carbon dioxide
equivalent (Lynas et al., 2007).

The carbon footprint or the total carbon emission of
households is calculated for the time period of a year
and is a sum of primary or direct and secondary or
indirect carbon footprint.

Primary carbon footprint is a measure of direct
emissions of CO, from burning of fossil fuels, energy
consumption and transportation while Secondary is a
measure of indirect emission, which is calculated on the
basis of CO, emission associated with whole lifecycle
of products and services including their manufacturing
and eventual breakdown (Tukker et al., 2006). The
direct emissions from households depends mainly on
number of persons in a family, income levels, the type
and extent of uses of energy source of an individual
or a family. Hence there is increasing awareness of an
individual’s behaviour or lifestyle as a source of global
carbon emissions (Bin et al., 2005).

The Intergovernmental Panel on Climate Change
(IPCC) has indicated that the risk of severe climate
change impacts will increase markedly with a
temperature increase of 2 °C above preindustrial levels
(EPA, 2006). The current rate of global temperature
increase is between 0.2 and 0.3 °C/decade (EPA, 2006).
Growing public awareness about climate change and
global warming has resulted in an increasing interest
in ‘carbon foot printing’. The global community now
recognizes the need to reduce greenhouse gas emissions
to mitigate climate change.

This study of household’s primary carbon footprint
profiles in correlation with different household
characteristics like income and household size will
help us to develop tailor-made planning and policy
measures to reduce the greenhouse gas emission of
cities because the total carbon emissions are associated
with all goods and services purchased by households
(Carbon Trust, 2006; Daly, 1996; Daly and Cobb, 1989;
HM Government, 2005; UN, 2002; UNCED, 1992).

The World Bank experts reveal that in the year 1995
to 2010, India has become one of the fastest progressing
countries in the world, in addressing its environmental
issues and to improve the environmental quality India
has to face many challenges to compete with other
developed nations. Pollution remains a major challenge
and opportunity for India.

India is the world’s fourth largest carbon dioxide
polluter and accounts for 7% of total carbon emissions
in 2011. Sectorwise annual GHG emission shows that
electricity generation (21.3%), industrial processes
(16.8%) and transportation fuel (14%) are the major
sectors contributing primarily to Green House Gases
(GHG). The main drivers of these emissions have been:
(1) the growing expenditures per capita, (2) population
and (3) increasing energy intensity in the food and
agricultural sectors. Household energy requirements
have increased significantly, both in total and per capita
terms over this time period. In this paper household
energy consumption and their carbon dioxide emission
pattern is studied. If the carbon emission pattern of
households of domestic sector is known the appropriate
steps can be taken to reduce the emission values from
these areas because every sector of an economy has a
potential for energy saving and energy saving potential
of different sector of Central East India is given in
Table 1.

Table 1: The annual energy saving potential
in Central East India (NPC, 2009)

Sector Saving potential (BTU)
Agricultural 0.423
Municipalities 0.0323
Commercial 0.0044
Domestic 0.376
Industries 0.616

It is clear from the table that every sector in the
Central East India has a potential for energy saving in
which domestic sector has the energy saving potential
of 0.376 BTU. Hence a study on assessment of CO,
emission from different activities of domestic sectors
will help in targeting key areas for total emission
reduction.

The objective of this research work is to identify
and analyse the impact of the different direct sources
of carbon emission on primary carbon footprint. After
analysing the different household activities which
directly release carbon, (1) fossil fuel combustion, (2)
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transportation and (3) electricity consumption were
considered for the study. Further, in this paper, we focus
on impact of household income and household size on
total carbon emission which can help to achieve the
possible reduction potential because once the size of
a carbon footprint is known, a strategy can be devised
to reduce it.

Materials and Methods

Study Area

Chhattisgarh is the 10" largest state in India with an
area of 135,194 km?. With a population of 28 million,
Chhattisgarh is the 17 most populated state in the
country. Chhattisgarh is a resource-rich state and is a
source of electricity and steel for the country. For the
study of total CO, emission from different household
activities, the two densely populated districts Durg
and Rajnandgaon of Chhattisgarh, India were selected.
Bhilai is a city in the district of Durg which is famous
for its steel and chemical industries notably the Bhilai
Steel Plant. As of 2011 census Durg-Bhilai urban
agglomeration had a population of 1,064,077 and
Rajnandgaon of 163,122. The area selected for the
study is Bhilai, Durg and Rajnandgaon and is shown
in Figure 1a, b.

T
;—}";-‘J‘-\\ N
= N
7 N h N
s I d
L r CHHATTISGARH
5 o8 -
= o T Location Map

()
s Q : Dﬁ
f..qs" . L ’J MAP LEGEND i%
e \ e International Boundary "
5 i s State Boundary
\-/ f"{ﬂ %\\ O] Country Capital
).

INDIAN OCEAN Map not to scale
Copyright@2014 indiamapsonline.com

Figure 1a: Sampling site Chhattisgarh, India.

Data Collection

For the study the three densely populated areas B-D-R
(Bhilai, Durg and Rajnandgaon) of Chhattisgarh, India
were selected. The sampling method was Stratified
Random, specially tailored and was based on primary
questionnaire. The selection criteria of questionnaire
were based on the household income and size of
the household of the entire three BDR regions. As a
result, the residential community was differentiated
based on income and household size for the study of
carbon emissions. Hence a systematic random sampling
method was used to select the households to be
surveyed. Approximately 350 households in each region
were included in the sample. The list of the resident
households in each residential community, provided by
local residents’ committees, was used as a framework
of the population to be sampled. To encourage the
people towards data collection a public awareness
activity is organised first in which an informative
pamphlet is distributed among the people to understand
the importance of measuring carbon footprint and the
need to know their carbon footprint. Self-administered
questionnaire is designed to collect data from people.
The questions for the interview were selected carefully
to obtain desired detailed information. Clear instruction
in the form of option available for each question is
given on how to fill questionnaire. The questionnaire
was given to the people and the completed forms were
collected from the people there only. A structured

Figure 1b: Study area Bhilai, Durg and
Rajnandgaon (BDR).
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questionnaire survey was conducted through face-to-
face interviews in each area in all the three seasons
(rainy, winter and summer) in between August 2014
and March 2017.

Survey Data

The sample size of the study was 1100 households which
provide a good representation of the target population.
The data collected were analysed to calculate the
household’s total carbon emission. Nonetheless, because
the sample questionnaire was unlikely to collect exact
information on household income due to its sensitivity
and confidentiality, the questionnaire employed discrete
choices of household income brackets. For this study the
samples were classified into three income categories—
higher, lower and middle income group. The lower
income group (LIG) was in the income range of Rs.
25,000 to Rs. 100,000, middle (MIG) was 100,000 to
Rs. 500,000 and Higher (HIG) in the range 5,00,000 to
15,00,000 per year. For household’s total direct carbon
emission, the emission from different sources like
electricity, LPG and petrol were calculated.

Estimating Carbon Emission
Carbon footprint models or calculators are widely
available on the Internet. Existing models calculate
the individual or household primary carbon footprint
by converting the amount of electricity, oil, gas or
coal used per year into equivalent CO, emissions.
They also convert the number of kilometres driven in
a car, kilometres on various types of public transport
to CO, equivalent emissions. Models or calculators
are provided by a range of organizations including
government agencies, non-governmental organizations
(NGOs) and private companies. The model used for
carbon emission calculation in this study is as follows:
We focus on three major household sources of carbon
dioxide emissions: transportation, residential electricity
consumption and domestic fuel. The following equation
provides an accounting framework for organizing our
empirical work:

Total Emissions =y, x Transportation + vy, x Electricity

+ v, x Domestic Fuel (1

The main goal of this study was to estimate equation
(1) for higher, middle and lower income group
households. In this equation, transportation represents
energy use from a vector of activities including litres of
annual gasoline consumed for households that own a car.
We recognize that households consume other products

(such as what they eat) that have carbon consequences
but those are not included in this calculation. To
estimate carbon dioxide emission by different activities
each activity is multiplied by its corresponding DEFRA
conversion factor (Table 2).

The DEFRA Conversion Factors (Defra, 2011)
These conversion factors are produced by the UK
Government to help companies calculate greenhouse gas
emissions from a range of activities, including energy
use and transport activities. These conversion factors
convert activity data (e.g. litres of fuel used, tonnes of
waste sent to landfill) into kg of CO, equivalent (CO,¢)
(Table 2).

Table 2: DEFRA conversion factor 2011

Activity Unit kg CO, e per unit
Electricity kWh 0.5246
LPG L 1.4918
Petrol L 2.3117
Diesel L 2.6676

Result and Discussion

Magnitude of Household Carbon Emissions

The average carbon emission in the studied three regions
was accounted to be 3.12 tonnes CO, per year per
household. The studied three emission sources account
for 2.03, 0.202 and 0.913 tonnes of CO, emission per
year per household from energy, LPG and petrol uses
respectively. Electricity is the largest single contributor
(at 65%) of the total carbon emissions from all types of
household energy consumption. This result is consistent
with other studies (Boussauwk, 2009; Dufty, 2013).

Effect of Household Size on Carbon Emission
Carbon reduction policies can target households or
individuals. For potential distributional implications
the household size and composition are important. For
example, studies on Personal Carbon Allowances or
similar policies have to make assumptions about the
allocation per person in each household (DEFRA, 2008;
Gough et al., 2011; Starkey, 2012). Previous literature
has shown that household size is an important factor
for household emissions and that there are economies
of scale once individuals share household resources
(DEFRA, 2008; Druckman and Jackson, 2008; Gough
et al., 2011). However, the extent of economies of scale
has not yet been compared in detail for different areas
of emissions.
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Baiocchi et al. (2010) found that households with
children have higher impact on direct total carbon
emission than households without children. DEFRA
(Dept. of Environment, Food and Rural Affairs, Govt.
of U.K., 2008), reported a positive correlation of
direct total CO, emission with number of children in
households, but correlation was not significant for more
than two children.

Data from present study suggest that households with
children have lower CO, emission than without, holding
other factors constant. Similar results are also reported
by Gough et al. (2011) they found that households
with children have lower per capita emissions because
children are likely to consume less than adults.

Interestingly this study reveals that for two adult
household the total emission increases by approximately
37% with addition of one child in household. Further,
households with two, three children don’t contribute
in increasing CO, emission rather the total emission
decreases with increasing household size; lower
standard of living with increasing household size could
be the reason. The same trend is followed by other
household activities like petrol and LPG (Figure 2). The
total emission with increasing number of adults in the
households shows increasing pattern and reach maxima
with four adult households (Figure 3).
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Figure 2: Effect of household size on total CO, emission.
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Figure 3: Number of adults in household and CO,
emission from different activities.

Effect of Income on Carbon Emission

The present study of effect of income on CO, emission
reveals the income is positively correlated with total
emission since emissions increases with increase in
income level (Figure 4).

Other studies that investigated income conclude that
emissions rise with income (Baiocchi et al., 2010; Brand
and Boardman, 2008; DEFRA, 2008; Druckman and
Jackson, 2008; Fahmy et al., 2011; Gough et al., 2011;
Weber and Matthews, 2008) which is quite obvious
because more income one has the more likely he/she
is to spend.

Druckman and Jackson (2008) and Dresner and Ekins
(2006) found a positive correlation between income and
home energy emissions. DEFRA (2008) and Fahmy et
al. (2011) find an increase of home energy and transport
emissions combined with rising income. Brand et al.
(2008, 2010) report a high correlation between income
and transport emissions. However, when controlling
for other variables, Brand and Preston (2010) only
find a significant relationship between income and
flight emissions, but not for emissions from car travel.
Baiocchi et al. (2010) confirm significant positive
relationship between income and total household
CO, emissions and Gough et al. (2011) for total and
individual areas of greenhouse gas emissions.

But expenditure translates quite differently into CO,
emission. Buchs and Schnepf (2013) studied that one
pound of expenditure on living translates differently for
indirect or direct CO, emissions. Hence not only how
much a person earns but how he spends also decide
the total CO, emission by households. Present study
reveals direct emissions from petrol and electricity
are positively correlated with income groups while
total emission remains unaffected by LPG emission
(Figure 4). Hence with rising income the expenditure
increases on travelling and electricity uses while LPG
consumption remains almost constant. To control or
reduce total CO, emission from households the policies
should be framed to control the travelling emission and

N

emission in tonnes per
year

0 — — . I:II
LIG | HIG

MIG
DO ENERGY aLprG B PETROL

Figure 4: Effect of income on different carbon
emission activities.
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electricity emission from household with increasing
income.

Seasonal Variation in Carbon Emission

The seasonal variation in carbon emissions is also
studied and the statistical analysis of the data obtained
is shown for energy, petrol and LPG consumption in
Table 3. In the U.S., Glaeser and Kahn (2010) found
tight link between electricity consumption and hot
summers, presumably because of extensive use of air
conditioning.

It is evident from the table that energy consumption
is higher in summer season which is obvious and LPG
and petrol are showing a minor peak in winter season
followed by summer and then rainy season.

Table 3: Statistical analysis of the seasonal data
(average monthly basis)

Mean  Median Mode Skew  Standard
deviation

Energy Consumption
Rainy 139.8 1224 159.5 0.07 60.1
Winter 157.6 1749 182.0 -1.3 43.2
Summer 209.1 1749 2273 1.4 119.5
LPG
Rainy 14.3 14.9 104 -0.01 5.1
Winter 20.3 20.9 20.9 0.9 8.3
Summer 16.8 10.4 10.4 1.49 11.9
Petrol
Rainy 52.3 48.2 32.1 1.45 29.9

Winter 96.2 96.3 642 022 433
Summer  80.8 80.3 80.3 -0.003 329

ANOVA Test and Regression Analysis

Effect of Household Characteristics on Total

Carbon Emission

To study the relationship between carbon emission
from households and household’s characteristics like
income and size, a correlation analysis and ANOVA
test were applied. The correlation analysis was applied
in order to explore as extensively as possible the
relationship between household carbon emission and
household characteristics. ANOVA test was used to
examine whether average household CO, emission
vary by household specific characteristics that can be
characterized into multiple groups like income and
size of the households. OLS regression was employed
to analyse the significance and weights that multiple
factors may contribute to household carbon emissions.

The different household characteristics were studied for
the total emission. The dependent variable total emission
is tested for the other three independent variables:
petrol, energy and LPG. The variables were tested for
the Linear Regression model and results suggest the data
fit the linear regression model (higher R and R? values).
On comparing the R and R? values for all the three
household characteristics it is clear from the data that
the energy has the highest impact with a value of 0.920
on the total emission characteristics and second is the
petrol consumption with R value of 0.606 while LPG
ranked third with an R value of 0.304. Table 4 presents
the linear regression model values for the test data.

Table 4: Linear regression model for predictor variable
petrol, energy and LPG on response variable total
emission

Predictor R R Square  Adjusted  Std. error of

variables R Square  the estimate
Petrol 606 367 364 99.278
Energy 920  .847 .847 49.402
LPG 304 .092 .089 120.455

A typical output produced from a simple linear
regression of Total emission on Petrol (That is petrol
emission is being used to predict total emission).
Predictor variable — Petrol and Dependent — Total
emission. The predicted total emission for mean petrol
emission of 76.1 kg CO, e per month is

146.28 + 1.54 (76.1) = 263.47

The regression coefficient for the predictor is the
difference in response per unit difference in the predictor.
For longitudinal data the regression coefficient is the
change in response per unit change in the predictor.
Here total emission differs 1.54 units for every unit
difference in petrol emission and 5.151 units and 1.14
units with LPG and energy respectively. The distinction
between cross sectional and longitudinal data is still
important. These total emission data are cross sectional;
so difference in petrol emission and total emission refer
to difference between the households (Table 5).

The column labeled source has three rows: regression,
residual and total. The column labeled sum of squares
describes the variability in the response variable Petrol.
The total amount of variability in the response variable
Petrol is the Total Sum of Square. The error that is the
amount of variation in the data that cannot be accounted
for by this simple method — is the total sum of squares.
When the regression model is used for prediction, the
error is the variability about the regression line and
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Table 5: Regression coefficient for total
emission of the area

Unstandardized — Standardized T Sig.
coefficients  coefficients, Beta

B Std.
error
Energy 1.144 0.031 0.920 36.419 0.000
LPG  5.151 1.045 0.304 4.930 0.000
Petrol 1.540 0.132 0.606 11.702 0.000

this is the amount of uncertainty that remains. The
regression sum of square is the difference between the
total sum of square and the residual sum of square.
Since the total sum of square is the total amount of
variability in the response variable Petrol, and the
residual sum of squares that still cannot be accounted for
after the regression model is fitted, the regression sum
of square is the amount of variability in the response
that is accounted for by the regression model. Each
sum of square has a corresponding degree of freedom
(DF) associated with it. The one-way ANOVA for CO,
emission from energy, petrol and LPG of BDR region
is shown in Table 6.

In ANOVA mean squares are used to determine
whether factors are significant. The predictor variable’s
mean square is obtained by dividing the predictor
variable’s sum of squares by the degree of freedom.

Effect of Income on Total Carbon Emission

The descriptive statistics of the data for the entire
income group suggest that the emission from all the
three household characteristics increases as the income
of the household increases. The data predict the fit of
linear regression model. The R? value of all the three
household characteristics for lower, middle and higher
income group suggest that the same trend is followed
and the energy has the highest impact on the total

emission and the energy and LPG has higher impact
on total emission as compared to other two income
group while petrol has higher impact on middle income
group (Table 7).

The significant value in the table tells us whether the
two conditions that are being compared are significantly
different or not. Value greater than 0.05 suggests that
there is no statistical differences between two conditions
means and if the value is lower than 0.05 that suggest
that the two condition means are not likely due to
chance. From Table 13 it is clear that for lower income
group the Petrol factor and for higher income group
the LPG factor has significant value greater than 0.05
while other values are less than 0.05 indicates that the
difference between the two condition means are not
likely due to chance (Table 8).

The total emission differs largely with every unit
difference in LPG emission for all the income groups
(Table 8) with a value of 4.3 for lower income group,
2.1 for middle income group and 3.2 for higher income
group, while impact of energy emission stands second
and the petrol emission third.

Effect of Household Size on Total Carbon Emission
The effect of household size is studied in two
perspectives. One was the households with increasing
number of adults and the second was the households
with increasing number of children with two or four
adult households. The results of the regression analysis
are shown in Table 9.

It is clear from Table 9 that adults have more impact
on total emission than children (higher R and R? value).
And if we study the effect of increasing children on
different household size it gives clear picture that the
effect of children is more on four-adult households in
total emission as compared to two-adult households.

Table 6: One-way ANOVA for energy, petrol and LPG emission of BDR region

Sum of squares df Mean square F Sig.
Between groups 2426710.416 155 15656.196 29.466 .000
Energy Within groups 45163.833 85 531.339
Total 2471874.249 240
Between groups 11597.096 155 74.820 3.750 .000
LPG Within groups 1696.107 85 19.954
Total 13293.203 240
Between groups 522711.871 153 3416.417 6.235 .000
Petrol Within groups 46027.024 84 547.941
Total 568738.895 237
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Table 10 represents the effect of table of coefficient
for different household size on the total emission of the
area. With every addition of child in household the total
emission increases by 24.5 units and 17.1-unit increase
in addition of each adult in households. So the adults
play more important role in emitting carbon dioxide as

Sumita Nair et al.

Conclusion

In this paper first the total carbon dioxide emission of
the selected region of central east India BDR region
is calculated for all the three income groups and then
the association between household characteristics like

compared to children in the households.

income and size of the households and carbon dioxide

Table 7: Linear regression model for predictor variable energy, petrol and LPG on response
variable total emission for three income groups

Predictor variables R R square Adjusted R square  Std. error of the estimate
Energy 0.967 0.934 0.932 26.9
LIG Petrol 0.142 0.020 -0.009 103.36
LPG 0.402 0.162 0.137 101.16
Energy 0.912 0.832 0.830 32.74
MIG Petrol 0.524 0.275 0.268 64.79
LPG 0.206 0.043 0.034 78.12
Energy 0.822 0.676 0.672 52.88
HIG Petrol 0.467 0.218 0.209 82.18
LPG 0.164 0.027 0.016 91.66

Table 8: Table of coefficient for effect of income on all emission area for three income groups

B Unstandardized coefficients Standardized coefficients T Sig.
Std. Error Beta Beta

Energy 0.931 0.042 0.967 22.29 00

LIG  Lpg 4379 1.710 0.402 2.562 0.015
Petrol 0.616 0.737 0.142 0.836 0.409
Energy 1.097 0.047 0.912 23.427 00

MIG 1 pgG 2.1 0.945 0.206 2.22 0.028
Petrol 1.346 0.211 0.524 6.39 00
Energy 0.930 0.069 0.822 13.399 00

HIG 1pG 3.2 2.078 0.164 1.541 0.127
Petrol 0.817 0.167 0.467 4.892 00

Table 9: Linear regression model for effect of household size on response variable total emission

R R? Adjusted R square  Std. error of the estimate
Effect of increasing children with 2 adults 0.440 0.194 -0.612 70.627
Effect of children with 4 adults 0.687 0.472 0.208 34.304
Effect of increasing adult 0.755 0.570 0.498 39.369

Table10: Table of coefficient for effect of household size on total emission of the area

Unstandardized coefficients Standardized coefficients T Sig.

B Std. Error Beta
Increasing children ~ 24.5 49.94 0.440 0.491 0.710
Increasing adult 17.119 6.075 0.755 2.818 0.030
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emission across three emission areas—energy, transport
(petrol), and LPG—were compared which added value
to this paper. The total carbon emission of this area is
3.12 tonnes CO, per household per year. The overall
energy (electricity) emission is 2.03, while LPG is
0.203 and Petrol is 0.913 tonnes of CO, per household
per year. This study is highly relevant from a public
awareness perspective because household characteristics
are differently related to emission. Data suggest that
the highest emission is from energy use while petrol
(transportation) stands second and then LPG.

For total emission the income is an important
determinant of CO, emission. The low income group
has more energy emission than transportation while
the LPG remains almost same for all the three income
groups. Hence any change in transportation policy like
petrol fuel pricing will least affect low income group.
The home energy emission will affect the all income
groups at its maximum. Second the household size is
very differently related to home energy and transport
emission. Children add less to the total emission, rather
increase in household size decreases the total emission;
lower standard of living with increasing household size
could be the reason for low income group while the
case is not true for high income group. Home energy
emission for without child households increases only
by about half to double for three adults’ households
compared to two adults’ households, indicating higher
economies of scales in this area. Surprisingly children
add less to a households CO, emission than expected
for all areas studied.

The linear regression model studies for total emission
for the three income groups suggest that the energy has
the highest contribution on total emission. The total
emission including all the emission groups differ 1.54
units, 5.15 units and 1.14 units for every unit difference
in petrol, LPG and energy emission respectively. The
total emission differs largely with every unit difference
in LPG emission with a value of 4.3 for lower income
group, 2.1 for middle income group and 3.2 for higher
income group. From the standard error of estimate, it
is clear that the energy emission from the households
have the highest contribution on total emission while
LPG has the highest impact with each unit increase. For
the different size of household, the adults have more
impact with a coefficient value of 24.2 as compared to
17.1 of increasing children on the total emission of the
area. Hence households with specific characteristics
will affect the total emission irrespective of high
or low income group. For emission reduction those
areas should be targeted. Household with elderly will

have lower emission values due to lower travel and
energy emission. If we examine whether household
characteristics influence emissions differently for low,
middle and high income groups, the results show that
the different points of emission are not very much
affected by higher than to middle or lower income group
emissions. This shows that more detailed analysis at
different ends of the emission distribution can uncover
different patterns of CO, emissions and capacities for
emission reduction.

Finally, household size and the presence of children
have more impact on poorer household than for richer
for total, and transport emissions. Hence household
characteristics other than income play important
role in total emission. Since cities are getting more
attention in reducing carbon emission, this study
from central east India (BDR region) could result in
the innovative solutions to reduce the emission from
household uses and will help in framing tailor-made
policies for reducing greenhouse gas emissions of the
cities and their implications. Further these results show
the need of more detailed analysis at different ends of
the emission distribution in future which can uncover
different patterns of CO, emissions and capacities for
emission reduction.

Acknowledgement

The authors acknowledge their profound gratitude to
Chhattisgarh Council of Science & Technology for
financial support through Mini Research Project No
1288/CCOST/MRP/14, dated: 07/10/2014. The authors
also acknowledge the residents of Bhilai, Durg and
Rajnandgaon for their cooperation and support in
providing data.

References

Bai, X.M. (2007). Integrating global environmental concerns
into urban management. The scale and readiness
arguments. Journal of Industrial Ecology, 11: 15-29. doi:
10.1162/jie.2007.1202.

Bai, X.M., Dhakal, S., Steinberger, J. and H. Weisz (2012).
Drivers of urban energy use and main policy leverages. In.
Grubler, A. and Fisk, D.J. (editors). Energizing Sustainable
Cities. Earth Scan.

Baiocchi, G., Minx, J. and K. Hubacek (2010). The Impact of
Social Factors and Consumer Behavior on Carbon Dioxide
Emissions in the United Kingdom. Journal of Industrial
Ecology, 14: 50-72.



80 Sumita Nair et al.

Brand, C. and B. Boardman (2008). Taming of the few: The
unequal distribution of greenhouse gas emissions from
personal travel in the UK. Energy Policy, 36: 224-238.

Brand, C. and J.M. Preston (2010). ‘60-20 emission’: The
unequal distribution of greenhouse gas emissions from
personal, non-business travel in the UK. Transp. Policy,
17: 9-19.

Boussauw, K. and F. Witlox (2009). Introducing a commute-
energy performance index for Flanders. Transportation
Research Part A, 43: 580-591.

Buchs, M. and S.V. Schnepf (2013). From expenditure
to emissions? Comparing three methods of estimating
UK household emissions using expenditure data, to be
published as S3RI working paper.

DEFRA (2008). Distributional Impacts of Personal Carbon
Trading. London: Department for Environment, Food
and Rural Affairs. online http://www.defra.gov.uk/
environment/climatechange/uk/individual/carbontrading/
pdf/pctdistributional-impacts.pdf, download 1 July 2008.

DEFRA (2011). Guidelines for Company Reporting on
Greenhouse Gas Emissions Annexes updated August
(2011). London: UK Department for Environment, Food
and Rural Affairs. http://www.defra.gov.uk/environment/
business/envrp/pdf/envrpgas-annexes.pdf.

Dhakal, S. (2010). GHG emissions from urbanization
and opportunities for urban carbon mitigation. Current
Opinion in Environmental Sustainability, 2: 277-283. doi:
10.1016/j.cosust.2010.05.007.

Dietz, T., Gardner, G.T., Gilligan, J., Stern, P.C. and M.P.
Vandenbergh (2009). Household actions can provide a
behavioral wedge to rapidly reduce US carbon emissions.
106(44): 18452-18456. doi: 10.1073/pnas.0908738106.
Epub.

Dresner, S. and P. Ekins (2006). Economic instruments to
improve UK home energy efficiency without negative
social impacts. Fiscal Studies, 27: 47-74.

Druckman, A. and T. Jackson (2008). Household energy
consumption in the UK: A highly geographically and
socioeconomically disaggregated model. Energy Policy,
36: 3177-3192.

Druckman, A. and T. Jackson (2009). The carbon footprint
of UK households 1990-2004: A socio-economically
disaggregated, quasi-multi-regional input-output model.
Ecological Economics, 68: 2066-2077. doi: 10.1016/j.
ecolecon.2009.01.013.

Duffy, A. and R. Crawford (2013). The effects of physical
activity on greenhouse gas emissions for common transport
modes in European countries. Transportation Research
Part D, 19: 13-19.

EPA (2006). Implications of the EU Climate Protection
Target for Ireland. Environmental Protection Agency.
Wexford: Johnstown Castle; 2006. research/climate/
erc%?20report%205.pdf (accessed 21 September 2007a).

Fahmy, E., Thumim, J. and V. White (2011). The distribution
of UK household CO, emissions: Interim report. JRF
programme paper: Climate change and social justice.
University of Bristol and Centre for Sustainable Energy.

Feng, L., Lin, T. and Q. Zhao (2011). Analysis of the dynamic
characteristics of urban household energy use and GHG
emissions in China. China Population, Resources and
Environment, 21: 93-100.

Gough, I., Abdallah, S., Johnson, V., Ryan-Collins, J. and
C. Smith (2011). The distribution of total greenhouse gas
emissions by households in the UK, and some implications
for social policy. CASE paper 152, Centre for Analysis of
Social Exclusion, London: London School of Economics.

Grimm, N.B., Faeth, S.H., Golubiewski, N.E., Redman,
C.L., Wu, J.G. et al. (2008). Global change and the
ecology of cities. Science, 319: 756-760. doi: 10.1126/
science.1150195.

Glaeser, Edward L. and Matthew E. Kahn (2010). The
greenness of cities: Carbon dioxide emissions and urban
development. Journal of Urban Economics, Elsevier,
67(3): 404-418.

HM Government (2006). The UK climate change programme
2006. London, UK: The Stationery Office.

IPCC Climate Change (2007). The Physical Science
Basis—Summary for Policy Makers. http://www.ipcc.ch/
SPM2feb07.pdf (accessed 20 March ’07).

Intergovernmental Panel on Climate Change (IPCC) (2014).
Climate Change: Synthesis Report. Available: http://
www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR _ARS
LONGERREPORT.pdf. Accessed 17 December 2014.

Jones, C.M. and D.M. Kammen (2011). Quantifying carbon
footprint reduction opportunities for US households and
communities. Environmental Science and Technology, 45:
4088-4095. doi: 10.1021/es102221h.

Kaye, J.P., Groffman, P.M., Grimm, N.B., Baker, L.A. and
R.V. Pouyat (2006). A distinct urban biogeochemistry?
Trends in Ecology and Evolution, 21: 192—-199. doi:
10.1016/j.tree.2005.12.006.

Kennedy, Hilary, Beggins, Jeft, Duarte, M. Carlos, Fourqurean,
James, W., Holmer, Marianne, Marba, Nuria and Jack J.
Middelburg (2010). Seagrass sediments as a global carbon
sink: Isotopic constraints. Global Biogeochemical Cycles,
24: 1-8, GB4026, doi:10.1029/2010GB003848.

Lenzen, M. and R.A. Cummins (2011). Lifestyles and well-
being versus the environment. Journal of Industrial Ecology,
15: 650-652. doi: 10.1111/j.1530-9290.2011.00397 x.

Lin, J., Cao, B., Cui, S., Wang, W. and X.M. Bai (2010).
Evaluating the effectiveness of urban energy conservation
and GHG mitigation measures: The case of Xiamen City,
China. Energy Policy, 38: 5123-5132. doi: 10.1016/].
enpol.2010.04.042. 38: 4828-4837. doi: 10.1016/j.
enpol.2009.08.050.



Household Carbon Emissions in India: Correlation with Income and Household Size 81

Lynas, M. (2007). Carbon Counter. Glasgow: Harper Collins
Publishers. International Ecological Footprint Conference,
May 8-10, 2007, Cardiff, UK.

NPC (National Productivity Council) (2009). State-wise
Electricity Consumption & Conservation Potential in India.
Submitted to Bureau of Energy Efficiency, Ministry of
Power, Govt. of India.

Pachauri, S. and D. Spreng (2002). Direct and indirect energy
requirements of households in India. Energy Policy,
30(6): 511-523; ISSN 0301-4215. URL http: //www.
sciencedirect.com/science/article/pii/S0301421501001197.

Parikh, J. and Chandrakiran (2007). Economic Impact of
Carbon Emission Restrictions: A case of India. Energy
Security, Climate Change and Sustainable Development.
J.P. Mathur and N. Bansal (eds). Anamaya Publishers,
New Delhi, India.

Pataki, D.E., Alig, R.J., Fung, A.S., Golubiewski, N.E.,
Kennedy, C.A. et al. (2006). Urban ecosystems and the
North American carbon cycle. Global Change Biology,
12: 2092-2102. doi: 10.1111/1.1365-2486.2006.01242 x.

Schipper, L., Bartlett, S., Hawk, D. and E. Vine (1989).
Linking life-styles and energy use: A matter of time?
Annual Review of Energy, 14: 273-320. doi: 10.1146/
annurev.energy.14.1.273.

Seto, K.C., Fragkias, M., Giineralp, B. and M.K. Reilly
(2011). A meta-analysis of global urban land expansion.
PLoS ONE, 6: ¢23777. doi: 10.1371/journal.pone.0023777.

Tukker, A. and B. Jansen (2006). Environmental impacts of
products—A detailed review of studies. J. Ind. Ecol, 10:
159-182.

Wang, Y. and M. Shi (2009). CO, emission induced by urban
household consumption in China. Chinese Journal of
Population, Resources and Environment, 7: 11-19.

Wei, Y., Liu, L., Fan, Y. and G. Wu (2007). The impact of
lifestyle on energy use and CO, emission: An empirical
analysis of China’s residents. Energy Policy, 35: 247-257.
doi: 10.1016/j.enpol.2005.11.020.

Weisz, H. and J.K. Steinberger (2010). Reducing energy
and material flows in cities. Current Opinion in
Environmental Sustainability, 2: 185-192. doi: 10.1016/j.
cosust.2010.05.010.

Wiedmann, Klaus-Peter, Hennigs, Nadine and Astrid Siebels
(2007). Measuring Consumers’ Luxury Value Perception:
A Cross-Cultural Framework. Academy of Marketing
Science Review, (7): 4-8.



Calendar of Events

6th International Conference on Coastal and Ocean
Engineering (ICCOE 2019)

25th to 28th April 2019

Bangkok, Thailand

Website: http://www.iccoe.org/

Contact person: Ms. Sophia Du

Organized by: CBEES

ICEE 2019 - 4th International Conference on Energy
and Environment: Bringing together Engineering and
Economics

16th and 17th May 2019

Guimaraes, Portugal

Website: http://icee.dps.uminho.pt

Contact person: Paula Ferreira

Organized by: Universidade do Minho

The Asian Conference on Sustainability, Energy and the
Environment 2019 (ACSEE2019)

20th to 22nd May 2019

Tokyo, Japan

Website: https://acsee.iafor.org/

Contact person: Inkar Alshimbayeva

Organized by: The International Academic Forum (IAFOR)

International Symposium on Energy, Water and
Environment (SEWE 2019)

25th and 26th May 2019

Regina, Canada

Website: http://isewe.org/

Contact person: Ms. Jewel Hou

Organized by: University of Regina

10th International Conference on Environmental Science
and Technology (ICEST 2019)

7th to 9th June 2019

Xiamen, China

Website: http://www.icest.org/

Contact person: Ms. Sophia Du

Organized by: Xiamen Ocean Vocational College

WaterLand-2019

26th to 28th June 2019

Kaunas, Lithuania

Website: http://conferencewaterland.weebly.com/
Contact person: Otilija



