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A study on The Distribution of household Carbon 
Dioxide Emission in a small town of C.G. India. 

Sumita Nair 

ABSTRACT 
A survey of households from a small town of Chhattisgarh, India, was undertaken to determine householders’ attitudes to, and 

understanding of, the greenhouse effect. The study was conducted for lower and higher income group and found that the higher income 
group emits five times more CO2 than lower income group. Considering three household carbon dioxide emitters e.g. car (transportation), 
electricity and liquefied petroleum gas (LPG) use were computed and household actions which could reduce CO2 emissions were 
addressed. Carbon dioxide emissions from the three sources were examined for higher income group which results 4.7tonnes/year per 
household and 1.13 tonnes/year per person emission. Electricity was the largest contributor (2.40 tonnes/year), cars the next largest (1.70 
tonnes/year) and gas third (0.23 tonnes/year) per household. Emissions varied considerably from household to household. There was a 
strong positive correlation between availability of economic resources and household CO2 output from all sources. Carbon dioxide 
production, particularly from car use, was greater from households, and numbers of children in the household had little effect on 
emissions. There were also some economics of scale for households containing more adults. To reduce carbon dioxide emission actual 
actions is to reduce car use and household cooling. 
 
 

Keywords: Household emission, carbon dioxide, Greenhouse effect, higher income group, lower income group, transportation, 
electricity and liquefied petroleum gas. 

———————————————————— 

INTRODUCTION 
More than half of the world’s population is living in cities and 
urbanization is transforming the global environment at 
unparalleled rates and scales [1], [2]. Cities are estimated to 
account for about 78% of total global greenhouse gas (GHG) 
emissions, but are also the loci for innovative solutions to reduce 
emissions [3], [4], [5], [6], [7], [8]. Household lifestyle has been 
recognized as a major driver of energy use and related GHG 
emissions besides technology efficiency [9], [10], [11], [12], [13], 
[14]. Carbon management in cities is increasingly focusing on 
individuals, households, and communities due to population 
growth and improved living standards of urban residents [14], 
[15], [16], [17], [18], [19]. A better understanding of urban 
residential consumption patterns in relation to urban system 
structure and processes, and their linkages to GHG emissions 
emission profiles, will enable cities to develop tailor-made 
planning and policy measures towards low carbon cities. It is 
now widely accepted that increasing atmospheric concentrations 
of greenhouse gases (GHGs) are responsible for increasing 
global temperatures that has resulted in the phenomenon known 
as climate change [20].The Intergovernmental Panel on Climate 
Change (IPCC) have indicated that the risk of severe climate 
change impacts will increase markedly with a temperature 
increase of 2 °C above preindustrial levels [21]. The current rate 
of global temperature increase is between 0.2 and 0.3 °C/decade 
[21]. However, for there to be a high degree of certainty that the 
global temperature increase will be limited to 2 °C CO2 
equivalent (CO2e) concentrations will have to be stabilized at 
levels of between 400 and 450 ppm CO2e [22], [23], [21], [24]. The 
current level is 430 ppm CO2e and is rising by more than 2 
ppm/annum [25]. Delaying action to stabilize CO2e 
concentration levels will require increasingly greater action in 

the future to achieve the temperature threshold of 2 °C [21], 24], 
[25], 26].It is widely believed that it is possible to reduce CO2 
emissions sufficiently to achieve the 2 °C target without 
destabilizing the global economy by rapidly implementing 
strong deliberate policy choices [25].  

Three elements of policy are required for an effective global 
response: (i) The pricing of carbon, implemented through tax, 
trading or regulation; (ii) The support of innovation and the 
deployment of low carbon technologies; and (iii) The removal of 
barriers to energy efficiency, and to inform, educate and 
persuade individuals about what they can do to respond to 
climate change [25].  

For planning effective policies in the future an accurate and 
equitable method of calculating household and personal 
CO2eemissions is required. There are two main approaches to 
calculate carbon footprints: top-down and bottom-up methods. 
While the former is based on input-output data and generally 
useful for sector level or country level analyses, the latter is 
based on life-cycle analysis that accounts for emissions of 
individual items from cradle to grave. For large entities and 
institutions, it is usually necessary to integrate the two methods 
for a more comprehensive carbon accounting analysis. 

India being the world’s fourth largest carbon dioxide polluter 
accounts for 7% of total carbon emissions in 2011. Sector wise 
annual GHG emission shows that electricity generation (21.3%), 
industrial processes (16.8%) and transportation fuel (14%) are 
the major sectors contributing primarily to 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  
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capita terms over this time period. In this paper, we focus on 
household energy consumption. In the U.S., the household 
carbon emissions account for 40 percent of total carbon 
emissions, while in China this share is less than twenty percent. 
However, the household’s share of total per-capita carbon 
emissions will surely grow as China transitions from being a 
manufacturing economy to being a service economy. As 
domestic households become richer they will consume more 
electricity and the demand for private transportation services 
will increase. 

Study area 
As of the 2001 India census the population is 52% male and 

48% female. Bhilai Nagar has an average literacy rate of 90%, 
higher than the national average of 59.5%.Bhilai is a city in the 
Durg district of Chhattisgarh, in eastern central India. This place 
is situated in Durg, Chattisgarh, India, its geographical 
coordinates are 21° 13' 0" North, 81° 26' 0" East.The city is located 
25 kilometres west of the capital Raipur, on the main Howrah–
Mumbai rail line, and National Highway 6. Bhilai is famous for 
the Bhilai Steel Plant, which is the largest steel plant in India and 
known for being the only manufacturer of rails in the country 
used by Indian Railways. Junwani is a small town located in 
Bhilai from where the samples were collected.  

Carbon footprints 
The greenhouse gas emission can be defined as the carbon 

footprint. 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 [ 27]. 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 [28]. It is made 
up of the sum of two parts, the direct or primary footprint is a 
measure of our direct emissions of CO2e from the burning of 
fossil fuels including domestic energy consumption and 
transportation (e.g. car and plane); and the indirect or secondary 
footprint is a measure of the indirect CO2e emissions from the 
whole lifecycle of products and services we use including those 
associated with their manufacture and eventual breakdown [29]. 
There is increasing awareness of an individual's behavior or 
lifestyle as a source of global carbon emissions [30]. The 
calculation of individual and household carbon foot prints is a 
powerful tool enabling individuals to quantify their own carbon 
dioxide emissions and link these to activities and behavior. Such 
models play an important role in educating the public in the 
management and reduction of CO2 emissions through self-
assessment and determination. Carbon emission models may 
possibly be used in the future as a tool to calculate carbon taxes, 
the allocation of carbon units and the basis for personal carbon 
trading [31]. Today, per capita carbon emissions in the United 
States are about ten time’s per capita emissions in India and five 
times in china, which implies that if India’s per capita 
greenhouse gas emissions rose to U.S. Levels, then global carbon 
emissions would double. While forty percent of U.S. emissions 
are associated with residential and personal transportation a 
much smaller share of Chinese emissions come from these 
sectors. China’s urban development policies could have large 

potential impacts on global carbon emissions. In this paper, we 
calculate household carbon emissions using several data sources 
including the Urban Household Survey. This survey provides 
information on energy usage for 100 households of a small town 
in C.G. in India. Relative to U.S households, transportation 
represents a smaller share of Chinese urban household 
emissions and household heating represents a much larger 
share. Being a developing country of the world we can expect 
the same trend in India. 

METHODS AND CALCULATIONS 
Carbon footprint models or calculators are widely available 

on the Internet. Existing models calculate the individual or 
household primary footprint by converting the amount of 
electricity, oil, gas or coal used per year into CO2 emissions. 
They also convert the number of kilometres driven in a car, 
kilometres on various types of public transport and air 
kilometres to CO2 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 
follow: 

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 = γ1*Transportation +γ2*Electricity  +  
                                           γ3*Domestic Fuel (1) 
Our main goal is to estimate equation (1) for lower and higher 

income group household. 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 transportation the mean annual consumption of the family is 
multiplied by defra emissions factor vector defined as γ1. For 
example, each litre of gasoline consumed produces 2.3117 
KgCO2e of carbon dioxide.The second term in this equation 
represents carbon dioxide emissions from residential electricity 
consumption. In the U.S., Glaeser and Kahn [32] found tight link 
between electricity consumption and hot summers, presumably 
because of extensive use of air conditioning. To convert 
electricity usage into carbon emissions, the average annual 
consumption of electricity in Kwh is multiplied by γ2, which is 
defra conversion factor. The value of γ2 is 0.5246 Kg CO2e per 
unit of electricity consumed in Kwh. The third term in the 
equation is emissions from domestic fuels.  This term includes 
liquefied petroleum gas (LPG) used for cooking. In contrast to 
Coal, LPG is expensive and less carbon intensive. To convert 
LPG usage to carbon emissions, the average annual consumption 
of LPG in Liters are multiplied by γ3. The value of γ3 is 1.4918 
Kg CO2e per Liter of LPG consumed.  

 

The DEFRA conversion factors [35] 
These conversion factors are produced by the UK 

Government to help companies calculate greenhouse gas 
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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 CO2 equivalent (CO2e) (Table 1). 
 
 
 
 
 
 
 
Table 1: DEFRA 2011conversion factor (2011) 

 
Source Unit Kg CO2 e per Unit 

Electricity KWh 0.5246 

LPG L 1.4918 

Petrol L 2.3117 

Diesel L 2.6676 

RESULT AND DISCUSSION 
The data collected were analysed to calculate the household 

carbon emission. Basically the study was carried out to analyse 
the household carbon emission distribution. Different factors 
were considered which account for the household carbon 
emission but in this study the factors which are considered are 
the electricity, LPG and Petrol which contribute a lot for the 
household emission. For this study the samples were classified 
into two categories the lower and the middle income group. The 
lower income group was in the income range of Rs. 1, 00000 – 5, 
00000/- and the higher income group was in between Rs. 15, 
00000 – 20, 00000/-. For household emission the emission from 
different sources like electricity, LPG and Petrol were collected. 
Earlier carbon footprints for Indian households have been 
calculated by Parikhet al. [33]. Their paper presents differences 
in consumption patterns across income groups and their carbon 
dioxide implications. A main finding is that the rich have a more 
carbon intensive lifestyle with the urban emission levels being 15 
times as high as those of the rural poor [33]. Apart from carbon 
footprints, closely related energy requirements of Indian 
households have been calculated by Pachauri&Spreng[34] for 
the years 1983-84, 1989-90 and 1993-94. Based on IO-analysis, 
they find that household energy requirements have significantly 
increased over time identifying growing income, population and 
increasing energy intensity in the food and agricultural sectors 
as the main drivers. Based on this analysis, Pachauri&Spreng[34] 
present cross-sectional variations in total household energy 
requirements. Using household consumption expenditure data 
for 1993-1994 matched with energy intensities calculated by 
Pachauri&Spreng[34], an econometric estimation reveals income 
levels as the main factor determining variation in energy 

requirements across households. In this study for lower and 
higher income group the total household carbon emission is 
shown in fig.1. 

 

 
 

Fig. 1Ttotal household carbon emission for lower and higher 

income groups. 

The total carbon emission for higher income group is 
approximately five times higher than the lower income group. 
The average total emission of higher income group is 4.7 T CO2 
e per year while that of lower income group is 0.9 T CO2e per 
year. To examine the difference between these two values the 
detailed data were analyzed for contribution of different sources. 
The result of carbon emission from different sources for higher 
and lower income group is shown in Fig. 2, 3. 

 

 
 
Fig 2 .The distribution of different sources in total emission 

for higher income group. 
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Fig3. The distribution of different sources in total emission for 

lower income group. 
 
It is clear from the fig. 2 and 3 that the electricity and petrol 

consumption for higher income group are larger as compared to 
lower income group while there is only marginal difference 
between these groups for LPG consumption. The reason for 
higher electricity consumption could be the use of more 
electrical appliances like AC, TV, Geyser, Kitchen appliances and 
for higher petrol consumption may be the high use of petrol cars 
for daily transportation while the lower income group generally 
uses bicycle or two wheelers for travelling. The local transport 
means are not included in the study because this study concerns 
only the household consumption while the long distance 
transportation like train, flight and bus are not included. The 
LPG consumption is more or less same for both the groups 
because of improving life style in rural areas but this could not 
be same for poor income group due to high use of wood for 
cooking. 

Further the study was conducted to evaluate the effect of 
number of members in the family on the carbon emission of 
higher income group families.  The results are shown in Fig. 4. 

 

 
 
Fig 4 .Effect of number of members in the family on the 

carbon emission of higher income group families. 
 

For this study the different adult child ratio were collected, 
like family with two adults and two children, two adults and 
one child,  Three adults and two children, Three adults and one 
child and Four adults and one child. This study was carried out 
to analyse whether the varying child adult ratio can affect the 
total household carbon emission. The total emission for the first 
three adult child ratios is more or less same. While the total 
emission increases for four adult and one child ratio. For these 
adult child ratios the detailed data are also collected to check 
whether the different emission sources also differs or have the 
same emission pattern. 

 
Fig 5.Effect of no.Of family members on different emission 

sources. 
 
From the study it is clear that electricity consumption is 

highest for family with three adults and two children but petrol 
consumption is high for 4+1 family and LPG consumption is 
same for 4+1 and 3+2 family (Fig. 5). So it can be concluded that 
the numbers of children in the household had little effect on 
emissions. There were also some economics of scale for 
households containing more adults. To reduce carbon dioxide 
emission actual actions is to reduce car use and household 
cooling. The average per capita carbon dioxide emission per 
anum for higher income group of this study is 1.13 T CO2e while 
the per family carbon dioxide emission per anum for higher and 
lower income group are   4.7 T CO2e and 0.9T CO2e 
respectively. 

CONCLUSION: 
This was a small case study representing the household 

carbon dioxide emission pattern with average carbon footprint 
of 4.7 T CO2e for higher income group. The emission pattern 
indicates that for higher income group the total carbon emission 
was highly influenced by high electricity and petrol 
consumption. While LPG consumption is un affected by income 
groups. It is anticipated, from the findings of this study, that 
CO2 emissions can be reduced by reducing fossil-fuel 
consumption and switching to alternative energy sources, 
preserving existing forests, planting trees on abandoned and 
degraded forest lands, or by planting trees by social/agro 
forestry on agricultural lands. Preliminary analysis of the results 

 

indicates that householders in this area are aware of, and 
concerned about, the greenhouse effect, although their 
understanding of its causes is often poor. Many appreciate the 

contribution of cars, but are unclear about the relative 
importance of other household activities. To develop tailor-made 
planning and policy measures towards low carbon cities these 
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results could be beneficial because these results indicate the high 
household emission through electricity and petrol use. The 
promoted use of renewable energy resources and felicitating the 
use of public transport could be beneficial to reduce these 
values. 
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