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Abstract

In India, rapid industrialization and reorganization of the global supply chain are driving
economic growth, accompanied by increasing exports and carbon emissions. India is
poised to succeed China as the next world manufactory, which will lead to huge emissions
in the country. To formulate appropriate emission mitigation measures, it is necessary to
further understand the temporal change in India’s emissions at the sectoral level from both
the production and consumption perspectives. However, existing studies that have
estimated emissions in India have paid less attention to the link among original emitters,
final producers and final consumers and to its temporal change. Based on an emission
inventory compiled in this study, we trace emission flows from original emitters to final
producers and then to final consumers through the international supply chain by using an
environmentally extended multi-regional input-output model. This study finds that both
production-based and consumption-based emissions in India increased constantly from
2000 to 2014, and production-based emissions had higher growth rates due to the increased
coal share. The major receivers of India’s exported emissions were developed countries
(e.g., the European Union and the United States), while the main sources of India’s
imported emissions were developing countries (e.g., China and Russia). From 2011 to 2014,
India’s net exported emissions increased by 29.2% because of the decrease of imported
emissions. Moreover, intermediate products (63% and 73.7%) were the major contributors
to exported and imported emissions, most of which were embodied in manufacturing
products (48.8% and 65.7%, respectively). Therefore, international cooperation to optimize
the energy and trade structure and to improve energy efficiency can be effective in
mitigating carbon emissions in India.
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1. Introduction

Climate change has become one of the greatest environmental challenges that humans
currently face [1, 2]. Most carbon emissions in the atmosphere were emitted by
anthropogenic activities [3], and the volume of emissions increased by 39.5% from 2000
to 2015 due to the increasing consumption of fossil fuels worldwide [4]. In response, the
Paris Agreement established the goal of restraining the global average temperature to
within 2 degrees above preindustrial levels, and the principles of equity and common but
differentiated responsibilities were applied to mitigate emissions based on the capabilities
of the signers [5].

As the second largest developing economy, India has a good baseline emission
intensity (Fig. 1), which decreased from 1.0 kg per dollar in 2000 to 0.8 kg per dollar in
2008 because of the country’s service-oriented economy, which features low emissions and
high added value [6]. However, there was a substantial increase in emission intensity in
2009 due to the low energy efficiency caused by India’s economic incentive policy in
manufacturing [7, 8], which will consume more energy than services for each unit of
economic output. India’s emission intensity was higher than that of China, and the gap
between these intensities increased after 2011 as a result of the increasing proportion of
coal consumption in India’s energy mix. In response, India’s government has committed
its mitigation goals in its Intended Nationally Determined Contribution, which includes
reducing the carbon emissions per-unit GDP from its 2005 level by 33-35% by 2030. This
goal is less stringent than that of China (60-65%) for the same period [9, 10].

These stricter environmental standards will encourage China to promote its industrial
structure and to transfer its resource-intensive and labor-intensive products to countries
with more relaxed environmental standards [11-13], and India will be poised to become the
next world manufactory due to its loose environmental policy and low rent [ 14]. Emissions
in China seem to have stabilized because of this reorganization of the global supply chain
[15-17], and India’s emissions will increase rapidly and continuously in the next several
years [18-20]. To provide a scientific basis for designing effective mitigation measures to
prevent India from becoming the next super emitter, it is necessary to further understand
the temporal change in India’s emissions at the sectoral level from both the production and
consumption perspectives.

Two methods have been widely used to compile emission inventories: production-
based and consumption-based accounting methods. Production-based emissions, which
were utilized in the United Nations Framework Convention on Climate Change and the
Kyoto Protocol, allowed a country to undertake the responsibility of emissions caused by
domestic demand associated with exports without considering imports [21, 22]. However,
international trade has caused the geographic separation of producers and consumers and
provided a path for producers to circumvent the responsibility of mitigating emissions by
importing carbon-intensive products [23-25]. Under these circumstances, the consumption-
based accounting principle, which stipulates that a country should undertake responsibility
for its emissions, including domestic demand and imports but excluding exports, can be
used to trace emissions to final consumers through the multi-regional supply chain and thus
to avoid carbon leakage [26-28].



Many studies have compared these two accounting principles [29-31]. Under the
production principle, developed economies (e.g., the United States and the European Union)
can reduce domestic emissions by importing carbon-intensive products from developing
economies (e.g., China and India), placing an unreasonable burden of responsibility on
emerging economies [32-34]. If we applied the consumption principle, then developing
countries would have a negative incentive to improve their low-carbon techniques because
they would not need to shoulder the full responsibility for emissions; thus, this principle
would be detrimental to the profits of developed countries [35, 36]. Furthermore,
researchers have calculated and compared the emissions resulting from the production and
consumption principles at the global and national levels, and the findings illustrated that
over the last two decades, developed economies have been net importers of emissions in
international trade and developing economies have been net exporters because their
products feature lower technologies and higher emission intensities [37-39]. The scale of
emissions flowing from developing economies to developed economies increased from
2000 to 2011, with most of them embodied in intermediate products as a result of the deep
convergence of the global economy [32, 40, 41].

Existing studies of the emissions embodied in India’s international trade have provided
a good starting point. Some researchers have estimated emissions based on India’s input-
output tables in 1991 and 1996 and found that India was a net importer because exports
were dominated by low-intensity products (e.g., food and textiles) and imports were
dominated by high-intensity products (e.g., iron and steel) [42-44]. However, this trend has
reversed in recent years because of the increasing share of high-intensity products in India’s
exports and the rise of South-South trade [14, 45, 46]. Most of those studies focused on the
scale and its changes in emissions induced by production and consumption in India but
paid less attention to the link between original emitters in India and final consumers in
other countries. Therefore, there remains a gap in tele-connection from direct emitters in
India to final consumers in other regions, the opposite flow, and the temporal change.

In this study, we present a framework to trace the emissions from the original emitters
in India to the final consumers in other regions, as well as from the final consumers in India
to the original emitters in other regions. With this framework, we assess India’s time-series
domestic-demanded, exported and imported emissions embodied in final and intermediate
products. Then, the total emission intensities of products produced in India were calculated.
Based on this foundation, we trace the emissions from the consuming countries to the
original emitters and analyze the emission flows between India and its main partners.

This paper is organized as follows. In Section 2, we describe our framework for the
environmentally extended multi-regional input-output model, including the sources and
treatment of the raw data. In Section 3, we present a time-series of production-based and
consumption-based emissions in India, calculate the total emission intensities of products
produced in India, and finally trace the flows of exported and imported emissions in India.
In Section 4, we discuss the new findings and their policy implications.

2. Methodology and data

2.1. Multi-regional input-output analysis

A popular method for calculating the emissions embodied in trade is the multi-
regional input-output model, which illustrates the inter-industry relations in supply chains



and links the production and consumption in different countries to an economic system
through international trade [47-49].

Suppose that there are m countries or regions and that each has n sectors in the
international economic system. In addition, Zl-f d (wp,q=1,2,...m;i,j=1,2, ... n)indicates
that industry j in country g consumes the product of industry i in country p during its
production process; yl.p 7 indicates that country g consumes the final product from industry

i in country p; and x! represents the total output of industry i in country p. Then, we have
the following:

g1 21 Ziqur lel)’ipq: x! (1)
A technical coefficient named a/=z/"/x] is defined, and it represents the inputs
from industry i in country p to produce one unit of product by sector j in country ¢g. Then,
Eq. (1) can be formulated as follows:

X =I-A)'Y (2)
where X = (xlp ),A=(a ‘Z.q), andY=(y f 7). L= (I-A)"! represents the Leontief inverse matrix,
which embodies the direct and indirect inputs into the production process of the final
products.

We define the direct emission intensity, which represents the direct emissions emitted
by the original sectors when producing per-unit output. The direct emission intensity of

industry j in country p can be expressed as Djp =er /xjp , Where ef represents the carbon

emissions of industry j in country p. The emissions embodied in exports from country p to
country g can be written as follows:

EPY = DPLYY = DPLYPY + DPLYPd = EP9 + EPY (3)
where DP represents the direct emission intensity for country p but zero for all other
countries; YP9 represents the final demand of country ¢ from country p but zero for all
other countries; YP4 represents the final demand of country ¢ from all countries but zero
for country p; and E? 9 EP? represent the emissions embodied in final, intermediate
products export from country p to country g, respectively. P = g represents the emissions
embodied in domestic demand in country p.

Meanwhile, we can reallocate the exported emissions from country p to country ¢ to
the original emitters as follows:

EPY = DPLYY 4)
where DP represents the diagonal matrix of DP.

By incorporating a vector of direct emission intensity, the total emission intensity,
which includes the direct emissions emitted by the original sectors on site and the indirect
emissions from the inputs from other sectors or regions through the domestic and
international supply chain of the per-unit final products [50-52], can be calculated as
follows:

T = DL (5)
where D represents the direct emission intensity for all countries.

2.2 Data sources

This study requires two sets of data: the multi-regional input-output tables and the
production-based carbon emission inventory. The multi-regional input-output tables are
from the World Input-output Database [53], which includes 44 countries or regions and 56



industrial sectors, from 2000 to 2014. We adjust the monetary data in the World Input-
output Database by using the constant prices from 2000 to provide a consistent analysis.
The carbon emissions from fossil fuel (e.g., coal, oil and gas) combustion are derived from
the International Energy Agency [4], and these emission data include 143 countries or
regions and 32 industrial sectors. Because a one-to-one match is not always observed
among the sectors in the International Energy Agency and the World Input-output Database,
we adjust the emissions in the International Energy Agency into the World Input-output
Database sectoral classification based on the fourth revision of International Standard
Industrial Classification to compile a time-series production-based emission inventory (see
Table Al in the Appendix for detailed information). Two typical relationship types
appeared in the matching process: one-to-many and many-to-one. For one-to-many, we use
the output in the World Input-output Database as a weight to allocate the emissions. For
many-to-one, we add all the emissions together.

3. Results and discussion
3.1. Demand-driven CO: emissions in India

From the production perspective, emissions continuously increased by 6% per year
from 890.4 Mt in 2000 to 2019.7 Mt in 2014 (Fig. 2). In 2000, 122.1 Mt of emissions were
caused by foreign demand (Fig. 2 b and c), and this scale incessantly increased to 327.4 Mt
in 2014 at an annual growth rate of 6.8%. In accordance with the rapid development of
India’s trade, the share of exported emissions increased from 13.7% in 2000 to 17.1% in
2008. However, this value decreased to 16.2% in 2014 because India’s recovery speed was
faster than that of the world, and India needed more materials and products to meet its
domestic demand [54].

From the consumption perspective, emissions increased by 5.9% per year from 831
Mt in 2000 to 1871.4 Mt in 2014. In 2000, 7.5% (62.7 Mt) of consumption-based emissions
were originally emitted abroad and finally consumed in India, and this value increased to
16.0% (251.81 Mt) in 2010 because of the large-scale domestic demand for products as a
result of India’s rapid urbanization and increasing population [55, 56]. However, the
imported emissions decreased to 9.6% (179.03 Mt) in 2014 due to the growing industrial
strength and increasing tariffs on imports after the implementation of the economic
stimulating plan in 2009 [7, 8], which drove product providers to satisfy India’s demand,
which had transferred from abroad to the homeland.

Exported emissions were larger than imported emissions in 2000-2014. The net-
exported emissions witnessed a small decline from 59.5 Mt in 2000 to 22.6 Mt in 2010
because of the stagnant secondary industry and India needed to import many necessities
(e.g., furniture) to meet increasing demands of daily life [57]. However, this dilemma was
reversed after 2010 due to India’s government strongly supporting the development of
secondary industry, and the net-exported emissions increased to 148.3 Mt in 2014.

According to the deep integration of the Indian and the world economies, intermediate
products played an important role in exported and imported emissions. In 2000, 60% of
exported emissions were embodied in intermediate products. This share increased to 66.4%
in 2007 and then decreased to 61.3% in 2009 because India’s domestic and international
supply chain became heavily influenced by the economic crisis. Similarly, 75.7% of
imported emissions were embodied in intermediate products in 2007. This share decreased
to 71.5% in 2009 and then increased to 79.4% in 2014. Meanwhile, the intermediate



products were more vulnerable to economic fluctuations. For example, the imported
emissions embodied in intermediate products decreased by 6.5 Mt from 2007 to 2008,
which was larger than that of final products (0.2 Mt).

Most domestic-demanded, exported and imported emissions were embodied in
manufacturing. The share of manufacturing in domestic-demanded and imported emissions
increased from 34.5% and 57.2% in 2000 to 36.9% and 63.1% in 2014, respectively. Many
manufacturing products were in the furniture (28.1%) and food (16.3%) industries,
illustrating the poor manufacturing capacity in India, which needed to import massive daily
necessities to meet the needs of the increasing population and rapid urbanization. In
contrast, the share of manufacturing in exported emissions increased from 42.6% in 2008
to 50.7% in 2014. Most of the manufacturing products were textiles, which shows that
increasing resource-intensive and labor-intensive products were outsourced to India in
recent years, and India began to play the role of world manufactory, after China.

Another important player in domestic-demanded and imported emissions was
construction, whose amount of these emissions increased from 126.6 Mt in 2000 to 348.7
Mt in 2014, at an annual growth rate of 7%, due to the continuous improvement of
infrastructure in India. Moreover, the second largest contributor of exported emissions was
commercial and public services, which increased from 29.6 Mt in 2000 to 83.9 Mt in 2011
and then decreased to 78.7 Mt in 2014 because most commercial and public services
focused on computer programming and information services (44.4%), which were
substituted by China’s high-tech exports [14].

3.2. Total emission intensities embodied in products produced by India

The total emission intensity can capture both the emissions released in India and the
amount emitted in other countries along the supply chain [58-60]. Fig. 3 presents the total
emission intensities of the products produced in India from 2000 to 2014, which reflect the
structure of the international supply chain of products.

The total emission intensity differs significantly among products. On average,
electricity, gas and water (27.6 kg per dollar) were the highest among the selected products
due to the coal-fired dominated power plant in India, which would directly emit a large
amount of emissions. This result was similar to the conclusion of previous studies [61, 62].
Similarly, transportation consumed considerable amounts of oil and gas because of the
road-dominated transport system in India [63], which led to its high total emission intensity
(2.5 kg per dollar). However, the high total emission intensity in manufacturing (2.4 kg per
dollar) and construction (1.8 kg per dollar) industries were due to the need for many inputs
of raw material (e.g., basic metal and electricity) in their production process, which would
induce many indirect emissions.

Moreover, a large difference in the total emission intensity was observed for the same
products in different years. The total emission intensity in the electricity, gas and water
industries increased from 23.1 kg per dollar in 2002 to 30.2 kg per dollar in 2014 due to
India’s increasing proportion of coal-fired generation capacity, which increased from 54.1%
in 2002 to 60.2% in 2014 [64]. The total emission intensity of the transportation sector had
an increase in 2007-2011 as a result of the weak energy efficiency in road transportation
due to the traffic jam caused by the increasing numbers of motor vehicles and backward
highway facilities. Meanwhile, the total emission intensity of the manufacturing industry
increased after 2009 because of India’s expansion of heavy industry (e.g., metal), which
would consume more energy than the light industry (e.g., rubber and plastic).



Producing products that are finished in India causes emissions in the homeland and
abroad through the international supply chain. For example, if one unit of manufacturing
is produced in India, then 2.1 kg of emissions would be released domestically and 0.3 kg
released abroad, which illustrates that international trade has exerted considerable
influence on the allocation of emissions.

3.3. India’s exported emission flows from the original emitters to the final consuming
countries

Electricity, gas and water were the major emitters of exported emissions in India in
2000-2014, followed by manufacturing (Fig. 4). In 2000, 55.9% (68.3 Mt) of exported
emissions were emitted by electricity, gas and water, 58% of which were linked to the final
producer of manufacturing. This phenomenon was attributed to the major player of exports
focused on manufacturing, especially textile and furniture, which were resource-intensive
products and needed a lot of electricity input into its production process. The share of the
electricity, gas and water industries in exported emissions stabilized around 51% from 2009
to 2014 due to the increasing proportion of motor vehicles in exported manufacturing.
These products demanded many raw materials (e.g., basic metal) to assemble and caused
massive original emissions in manufacturing, the share of which in exported emissions
increased from 25.1% in 2000 to 34.1% in 2014. Meanwhile, another important receiver
of exported emissions emitted by the electricity, gas and water industries was commercial
and public services, the share of which increased from 23.9% in 2000 to 25.5% in 2014
due to the increasing share of computer programming and information services in exported
products, which required many inputs of electricity.

The important receivers of India’s exported emissions from 2000 to 2014 were the
European Union and the United States; however, their share continuously decreased from
49% in 2000 to 30.3% in 2014. This decrease was attributed to the exports becoming
dominated by low-technology manufacturing products (e.g., textile and leather), which did
not match the demand in developed countries. The exports of high-technology and high-
value-added products (e.g., information services) decreased after 2011 due to the
replacement of China. Meanwhile, the proportion of emissions exported to China increased
from 2.7% in 2000 to 7.5% in 2014 due to the country’s massive population, which
demanded many necessary products (e.g., textile and leather).

3.4. India’s imported emission flows traced from imports to the original emitters

Developing countries were the main sources of India’s imported emissions, and their
share increased over time because most of the imported emissions were embodied in
resource-intensive manufacturing products (e.g., furniture and machinery). Russia (8 Mt)
was the largest supplier of India’s imported emissions in 2000, and this role subsequently
transferred to China because of the recombination of the global supply chain. China
became the world manufactory of labor-intensive and resource-intensive products (e.g.,
textiles and leather). Meanwhile, 21.5% of India’s imported emissions were linked to the
final producer in developed countries (including the United States, the European Union
and Japan) in 2000, and this proportion continuously decreased to 12.1% in 2014. This
decrease was attributed to the products produced in developed countries being concentrated
in high-end manufacturing and high-value-added services, which were not consistent with
the current demand in India.

The distribution of original emitters differed between developed and developing



countries. For example, for the products ultimately consumed in India in 2000, 31.5% of
emissions were directly emitted by the electricity, gas and water industries in the European
Union, and this proportion remained around 35% from 2009 to 2014 (Fig. 5). By
comparison, for the products ultimately consumed in the European Union in 2000, 55.9%
of emissions were directly emitted by the electricity, gas and water industries in India, and
this proportion remained around 51% from 2009 to 2014 (Fig. 4), which was higher than
that of the European Union. This comparison illustrated the weak energy mix and backward
low-carbon technologies in India.

3.5. Comparison of emission flows embodied in trade between India and its major
partners

The responsibility for mitigating emissions among countries can be determined by
measuring the redistribution of emissions caused by international trade [45, 65]. Fig. 6
presents the volume of emission flows between India and its primary partners.

The United States and the European Union were the major receivers of emissions
outflowed from India in 2000-2014. The scale of emissions flowing into the United States
decreased from 24.7 Mt in 2000 to 22.9 Mt in 2009 because of the weak domestic demand
caused by the international financial crisis. This volume rapidly increased to 37.4 Mt in
2014 with the resurgence of the United States economy and the demand for many products
(e.g., textiles and leather) to meet the improving quality of life. Meanwhile, the scale of
emissions flowing into the European Union rapidly increased from 23.4 Mt in 2000 to 37.0
Mt in 2009 and then decreased to 32.2 Mt in 2011 because of the poor economic situation
caused by the escalation of the European debt crisis; it subsequently increased to 44.4 Mt
in 2014. In contrast, Russia (5.7 Mt) was the largest source of emissions flowing into India
in 2000, and this role was subsequently transferred to China due to its lower cost of
products. However, the volume of emissions flowing into India from China decreased from
42.5 Mt in 2011 to 25.0 Mt in 2014 due to the recombination of the international supply
chain, and many necessities demanded in India were produced domestically. In addition,
Australia (10.4 Mt) surpassed Russia (5.6 Mt) to become the second largest source of
emissions flowing into India in 2009, and this level rapidly decreased in 2011 due to its
replacement of China. However, India reversed course and became a net exporter of
emissions when trading with Australia in 2014, although its emission volume was small
(0.6 Mt).

Manufacturing played an important role in emission flows, but its departmental
distribution had significant differences in outflows from and inflows into India. For
example, 52.1% of emissions flowing into the European Union from India in 2009 were
embodied in manufacturing, and this proportion continuously increased to 57.3% in 2014
because most of the manufacturing products were necessities (e.g., textiles and leather)
with low demand elasticity. By comparison, in 2009, 88.4% of the emissions flowing into
India from China were embodied in manufacturing, which also held an absolute advantage,
even though its share decreased to 82.9% in 2014. Many of the manufacturing products
were in the machinery and equipment industries (19.4% on average) because of the rapid
industrialization and urbanization in India.

4. Conclusions and policy implications
In this paper, we use the production-based and consumption-based perspectives to
calculate the exported and imported emissions in India from 2000 to 2014 by using a multi-



regional input-output model based on data from the World Input-output Database and the
International Energy Agency. Then, we measure the total emission intensities of the
products produced by India. Furthermore, we trace the exported and imported emissions
from the original emitters to the final consumers through the international supply chain.
Finally, we analyze the sources and destinations of the emission flows embodied in exports
and imports within India’s economy.

The results indicate that the emissions embodied in domestic consumption and exports
increased rapidly from 2000 to 2014, while the imported emissions decreased from 2011
to 2014, which led to the growth of the net-exported emissions in the same period. The
exported and imported emissions were contributed mainly by intermediate products,
especially manufacturing products. The total emission intensity in the electricity, gas and
water industries was the highest among the selected fields, followed by transportation and
manufacturing. Meanwhile, the electricity, gas and water industries were the main emitter
of India’s exported emissions, many of which were linked to final consumers in the
European Union and the United States, although these regions’ share decreased over time.
Russia was the major source of India’s imported emissions in 2000, and this rank was
subsequently assumed by China.

The detailed analysis of India’s emission features implies that the following potential
emission reduction measures can be implemented.

(1) Approximately 39.7% of production-based emissions were embodied in
manufacturing products in 2000-2014, and this dominant position will be strengthened in
future years due to the rapid development of secondary industry in India. Therefore, India
should encourage research in low-carbon technology by increasing investments and
subsidies for the industry [66-68]. For example, the energy efficiency in the production
process of raw materials in the upstream manufacturing supply chain could be improved.
Meanwhile, the management of the utilization of these materials could be strengthened to
avoid waste and to establish a green domestic supply chain in India. Furthermore, India
could transfer its industrial structure and shift its position in the international supply chain
by developing technology-intensive and high-value-added manufacturing (e.g., precision
machinery), thereby decreasing the exported emissions of intermediate products.

(2) More than half of India’s production-based emissions were originally emitted by
the electricity, gas and water industries in 2000-2014 because of the industries’ carbon-
intensive energy portfolio. Therefore, a better way to decrease emissions in the electricity,
gas and water industries is to replace coal-fired generator sets with nuclear power plants.
Meanwhile, renewable energy could be developed and the proportion of wind and solar
power could be improved. Furthermore, India could apply ultra-high voltage technology in
the transmission of electrical energy to reduce losses and improve its utilization ratio, as
achieved in China.

(3) Many consumption-based emissions are embodied in construction, and this share
has increased over time because of the rapidly expanding infrastructure to support
urbanization in India. Therefore, India could develop low-carbon cities by adopting
recyclable and clean materials in construction, thereby decreasing emissions in the
upstream industries. Meanwhile, the utilization efficiency of construction materials could
be improved, and green infrastructure could be built.

(4) The European Union and the United States were the major economies outsourcing
emissions to India, and this volume has increased over time. Meanwhile, when producing



the same quantity and type of products, more emissions were emitted in India than in
developed countries due to India’s lower energy efficiency. Globally, emissions have not
decreased but were redistributed among countries, which was referred to as the “beggar-
thy-neighbor” effect [69]. Therefore, it would be beneficial for India to participate in
international cooperative mitigation actions (e.g., the Clean Development Mechanism) to
obtain technical and financial support. Furthermore, India could become more deeply
involved in the Silk Road Economic Belt and the 21st Century Maritime Silk Road (the
Belt and Road), a framework for economic cooperation, and strive for more technology
transfers from the European Union.
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Appendix

Table A1
Mapping the sectors in the International Energy Agency and the World Input-output Database.

Merged sectors

Sectors in International
Energy Agency

The code of the
fourth revision of
International
Standard
Industrial
Classification

Sectors in World Input-output Database

Crop and animal production, hunting and related service

Agriculture | Agriculture and forestry A01, A02 activities
Forestry and Forestry and logging
Fishing . .
Fishing A03 Fishing and aquaculture
Mining and - . - .
Quarrying Mining and quarrying B Mining and quarrying
C19 Manufacture of coke and refined petroleum products
Chemical and petrochemical Manufacture of basic pharmaceutical products and
P C20, C21 pharmaceutical preparations
Manufacture of chemicals and chemical products
Non-ferrous metals C24 .
Manufacture of basic metals
Iron and steel C24
Non-metallic minerals Cc23 Manufacture of other non-metallic mineral products
. Manufacture of motor vehicles, trailers and semi-trailers
Transport equipment C29, C30

Manufacturing

Manufacture of other transport equipment

Machinery

C17,C25, C26, C27,
C28

Manufacture of fabricated metal products, except machinery
and equipment

Manufacture of computer, electronic and optical products

Manufacture of electrical equipment

Manufacture of machinery and equipment n.e.c.

Manufacture of paper and paper products

Manufacture of food products, beverages and tobacco

Food and tobacco C10, C11, C12
products
Manufacture of wood and of products of wood and cork,

Wood and wood products C16 except furniture; manufacture of articles of straw and plaiting
materials

Textile and leather C13,C14,C15 Manufacture of textiles, wearing apparel and leather products

o Manufacture of rubber and plastic products

Non-specified industry C22,C31,C32 - -
Manufacture of furniture; other manufacturing

Main activity electricity plants

Main activity CHP plants

Main activity heat plants

Electricity Gas | Own use in electricity, CHP and
and Water heat plants D Electricity, gas, steam and air conditioning supply
Supply Autoproducer electricity plants

Autoproducer CHP plants

Autoproducer heat plants

Other energy industry own use

Construction | Construction F Construction
. Domestic aviation H51 Air transport
Transportation T
Road H49 Land transport and transport via pipelines




Rail H49
Pipeline transport H49
Domestic navigation H50 Water transport
Accommaodation and food service activities
Residential Residential LT Activities of households as employers; undifferentiated
Activities goods- and services-producing activities of households for
own use
Paper, pulp, printing C18 Printing and reproduction of recorded media

Commercial and
Public Services

Commercial and public services

C33, E(36-39),
G(45-47),  H52,
H53, J(58-63),
K (64-66), L68,
M(69-75),  N(77-
82), 084, P85,
Q(86-88), R(90-93),
U99

Repair and installation of machinery and equipment

Water collection, treatment and supply

Sewerage; waste collection, treatment and disposal activities;
materials recovery; remediation activities and other waste
management services

Wholesale and retail trade and repair of motor vehicles and
motorcycles

Wholesale trade, except of motor vehicles and motorcycles

Retail trade, except of motor vehicles and motorcycles

Warehousing and support activities for transportation

Postal and courier activities

Publishing activities

Motion picture, video and television programme production,
sound recording and music publishing activities;
programming and broadcasting activities

Telecommunications

Computer programming, consultancy and related activities;
information service activities

Financial service activities, except insurance and pension
funding

Insurance, reinsurance and pension funding, except
compulsory social security

Activities auxiliary to financial services and insurance
activities

Real estate activities

Legal and accounting activities; activities of head offices;
management consultancy activities

Architectural and engineering activities; technical testing and
analysis

Scientific research and development

Advertising and market research

Other professional, scientific and technical activities;
veterinary activities

Administrative and support service activities

Public administration and defence; compulsory social
security

Education

Human health and social work activities

Activities of extraterritorial organizations and bodies

Non-specified transport

Non-specified other

S(94-96)

Other service activities
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Fig. Al. Emissions embodied in domestic consumption of intermediate products from 2000 to 2014.
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Fig. 1. Comparison of the emission circumstances in India (blue) and China (red). (a) Proportions of the
emissions emitted by major energies. The data were obtained from a series of reports of CO, emissions
from fuel combustion. (b) The trend of emission intensity, which represents carbon emissions per unit
of economic output, was calculated using the emissions divided by the output adjusted based on the
constant price for the year 2000. The data were calculated by the authors.
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Fig. 2. Comparison of the production-based and consumption-based emissions in India from 2000 to
2014. Notably, the volume of domestic consumption of intermediate products is small (in the range of
0.1-0.9 Mt). See Fig. A1l in the Appendix for more detailed information.
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Fig. 3. Mean total emission intensities (kg CO, per dollar) for the 8 aggregated sectors. See Table Al in
the Appendix for detailed information. The blue and orange colors represent the total emission
intensities in India and abroad, respectively.
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Fig. 4. Sankey diagram of India’s exported emission flows from the original emitters to the final
producers and, finally, to the consuming countries in (a) 2000; (b) 2009; (c) 2011 and (d) 2014. From
left to right, the first layer represents the original emitters of exported emissions, the second layer
represents the emissions embodied in final products, and the third layer represents the regions where the
final products are consumed. The width of the flow represents the emissions.
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Fig. 5. Sankey diagram of India’s imported emission flows traced from the imports to their imported
regions and finally to the original emitters in (a) 2000; (b) 2009; (c) 2011 and (d) 2014. From left to
right, the first layer represents the emissions embodied in imports, the second layer represents the
regions where those imports were produced, and the third layer represents the original emitters of the
emissions. The width of the flow represents the emissions.
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Fig. 6. Flows of emissions embodied in trade between India and its main partners. Red and blue indicate
the net exporters and net importers of emissions in international trade, respectively. The width of the
arrows and the numbers indicate the relative values of emission flows between countries, and the unit
is metric tons. (a), (b), (c), and (d) show the results for four selected years: 2000, 2009, 2011, and 2014,
respectively.



