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CHAPTER 1 1

Summary and Conclusions

Sumit Sharma and Atul Kumar

Chapters 2 to 10 provided details of emissions of
different pollutants from different sectors in India.
The emissions are estimated for the years 2001 and
2011, and also projected for future years till 2051. It is
important to understand the relative contributions of
different sectors to the overall emission inventories.
This chapter focuses on summarization of results and
assessment of sectoral contributions to emissions of
various pollutants at the National scale.The pollutant-
wise results of emission inventories are presented in
subsequent sections.

Particulate Matter

Growth of PM,  emissions during 2001-51 s
presented in Figure 11.1. PM,  emissions in India
are presently (2011) estimated to be 10,641 kt,
dominated by industrial (43 per cent) and residential
(29 per Transport
contributes to just 3 per cent of PM,  emissions at
the National scale. However, these emissions are

combustion cent) sectors.

concentrated at the urban centres where their
contribution to the prevailing air quality levels could
be much high. On the other hand, emissions from
domestic cooking are mainly from biomass burning
in rural households using traditional cook stoves.
Open burning of agricultural residue in rural areas
contributes 8 per cent to the total PM, emissions.
Other sectors cumulatively contribute 11 per cent
of PM,; emissions. Power plant contribute 4 per cent
of PM,, emissions, however, these may contribute
significantly to pollution levels in specific zones of
influence of power plants.

The future projections of PM,  emissions show
that the emissions from industrial sector will grow
significantly till 2031. It is mainly due to anticipated
growth in the manufacturing sector in the next few
decades. Present environmental
in industries is limited considering absence of
continuous monitoring, limited vigilance capacity,
and limited installations of high efficiency air

control scenario
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Figure 11.1:Year-wise growth of PM10 emissions (kilotonnes) during 2001-51

pollution control equipments. Enormous growth in
infrastructure development sector is expected to
fuel the demand for cement and brick in next few
decades. Cement industry despite being assumed
to be controlled with highly efficient electrostatic
precipitators (ESPs) for control of PM emissions,
is expected to emit 6.5 times more PM, in 2051
than in 2011. In the brick sector, it is assumed that
penetration of Zig-Zag technologies will increase
from mere 4 per cent in 2011 to about 44 per cent
in 2051, despite which, the PM,, emissions will
be more than double in 2051 than in 2011. In the
medium and small industries, further penetration
of ESPs and other control technologies has been
assumed. Despite these considerations, the overall
emissions from industrial sector will be 3.3 times in
2051 in comparison to the 2011. However, the GDP
from industrial sector will grow by 17 times in the
same period. This point to tremendous reduction in
emission intensity in industrial sector.

Other than industries,
combustion of fuels in residential sector will reduce

the emissions from
because of higher penetration of cleaner fuels for
cooking and lighting. On the other hand, emissions
from open agricultural biomass burning are expected
to go up by six times during 2011-51, with growth
in agricultural sector, in a no control scenario. Power
sector emissions are expected to grow despite

considerations  of  high-efficiency  supercritical

technologies and
desulphurisation/selective catalytic reduction for tail-
pipe control. Transport sector emissions are expected
to go down further with considerations of advanced
(BS-V) emissions norms from 2020 onwards in India.
This could contribute to significant improvements in

installation of ESPs/flue gas

air quality at the urban scales.

The distribution of energy-based sources have a
share of about 80 per cent in PM,  emissions, while
non-energy sources such as open burning, road
dust suspension, mining, and other fugitive sources
account for 20 per cent in 2011. Based on different
sectoral projections, the share of energy base sources
will remain to be about 80 per cent in 2051.

PM, , emissions also show similar trends as shown
by PM,, (Figure 11.2). The share of PM,, emissions
in PM,, emissions varies from 0.58 to 0.67 during all
years in considerations.

Black carbon (BC) and organic carbon (OC) are
the two main constituents of PM. BC emissions are
mainly a product of incomplete combustions. The
2011 inventories are dominated by residential sector
emissions (54 per cent), followed by 20 per cent
from transport sector (Figure 11.3a). It is to be noted
that while the share of transport was less in PM, or
PM, ; fractions, BC inventories show a very significant
contribution from the sector mainly form diesel
engines. Industries (8 per cent), open agricultural
burning (6 per cent), and diesel consumed in diesel
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Figure 11.2:Year-wise growth of PM2.5 emissions (kilotonnes) during 2001-51

generator (DG) sets (5 per cent) also contribute to
the BC inventories in 2011. The future projections
show that the emissions will stabilize over the years,
with decrease in contributions from residential
and transport sectors. However, emissions from
industrial combustion and open burning will increase.
Considering the stabilization of BC emission over the
years despite growing economy, there will be drastic
reduction in BC emission intensity in India.

OC emissions in India are dominated by residential
sector (Figure 11.3b), open burning and combustion

in other sector (crematoria and refuse burning).

1400
1200 -

However, with decline in biomass usage in future,
the emissions are expected to go down in future.
However, BC emissions could show higher reductions
mainly on account of reduced kerosene usage for
lighting, which is a very big source of BC emissions.

Gaseous Pollutants

Figures 11.4 to 11.7 show emission inventories of
gaseous pollutants such as NOx, SO,, CO, and non-
methane volatile organic compounds (NMVOC).
While PM emissions are somewhat controlled

BC

i
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m Open burning = Evaporative B Others

Figure 11.3a:Year-wise growth of BC emissions (kilotonnes) during 2001-51
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Figure 11.3b:Year-wise growth of OC emissions (kilotonnes) during 2001-51

due to adoption of emission control standards,
gaseous pollutants are expected to grow gradually
mainly on account of high industrial growth, power
consumption, and mobility demands. The current
inventories of NOx emissions are dominated by
high-temperature combustion in transport sector
(38 per cent), power utilities (15 per cent), and DG
and agricultural pump sets (17 per cent). While it
is expected that with enhanced power generation
capacities, the use of small DG in residential and
commercial sector set will diminish over the years,
the demand for diesel will grow in transport sector.
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)

k
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However, introduction of BS-V emission norms will
reduce NOx emissions to some extent from the sector.
Overall, the NOx emissions are expected to grow 3.1
times between 2001 and 2051.

SO, emissions are linked to sulphur content in
the fuels used in different sectors. The emissions are
presently and in future also will be dominated by coal
combustion activities in power and industrial sectors.
The sulphur content has already been considerably
reduced in the automotive fuels and is planned to
reduce it to 10 ppm levels by 2020. In power sector,
introduction of control norms for SO, will somewhat

NOx
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Figure 11.4:Year-wise growth of NOx emissions (kilotonnes) during 2001-51




arrest the growth of emissions. Despite this, with
limited SO, controls in industrial sector, the emissions
are projected to increase by 4.3 times during 2011-51
(Figure 11.5).

Carbon monoxide is also a product of incomplete
combustion currently dominated by
biomass burning in residential sector. However,
with penetration of cleaner fuels in the sector, the
emission contribution will reduce. On the other hand,
the sectoral contribution from transport sector will
grow substantially with enormous growth expected

and s
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in private vehicle ownership. It is to be noted that CO
emissions are primarily emitted from gasoline-driven
vehicles. CO emissions form iron and steel sector are
expected to grow significantly in future. Increased
open crop-residue burning activities will add to CO
emissions with higher shares in future (Figure 11.6).
Currently NMVOC emissions are dominated by
residential biomass burning; however, its contribution
will reduce drastically in future. Evaporative emissions
from increased paints, printing activities, and use
of personal products will increase dramatically in a

502

x
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M Residential M Industry M Power [ Transport M DG set
M Open burning ™ Evaporative M Others
Figure 11.5:Year-wise growth of SO2 emissions (kilotonnes) during 2001-51
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Figure 11.6:Year-wise growth of CO emissions (kilotonnes) during 2001-51
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no-control business as usual (RES) scenario (Figure
11.7). The overall NMVOC emissions are projected to
increase by four folds by 2051.

Comparison with Other Studies

A comparison of emissions estimated in this study
with others is shown in Table 11.1. There is variation
in emissions reported by different studies for various
pollutants. The emissions estimated in this study
show 34%,-23%, 20%, -10%, and 24% differences with
the mean of emissions estimated in other studies
for PM,, SO,, NOx, NMVOC, and CO, respectively. The
standard deviation observed among all these studies

is about 26-33 per cent of the emissions estimated in
this study for various pollutants.

The variations observed are due to a number of
reasons. Firstly, the estimates are for different years
and this study provides the latest estimates for
India-based local information. This study has used
Indian emission factors for most of the emission
sources and also accounts for latest information
on controls. For example, introduction of improved
vehicular emission norms, DG sets
have been accounted in this study. There are also

norms for

methodological differences in estimation of energy
demand in some of the sectors such as residential,

45000 NMVOC
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Figure 11.7: Year-wise growth of NMVOC emissions (kilotonnes) during 2001-51

Table 11.1: Comparison of Emission Inventory (Million Tonnes) in This Study with Others

Study Year PM10 S02 NOx NMVOC ©
This study 2011 10.6 5.6 7.0 1.4 46.4
Garg et al. (2006) 2005 4.6 44 417
Streets et al. (2003) 2000 55 4.0 8.6 511
Ohara et al. (2007) 2003 7.0 5.0 9.7 84.4
Zhang et al. (2009 2006 4.0 5.6 49 10.8 61.1
EDGAR 4.2a 2008 10.9 85 6.4 10.6 463
Kurokawa et al. (2013) 2008 47 10.0 9.7 15.9 61.8
Purohit et al (2010) 8.2 6.4 5.0 15.1

Luetal.(2011) 2008 8.0

Klimont et al. (2009) 2005 6.4 5.0

2http://edgar.jrc.ec.europa.eu/);




which is primarily dependent on poorly accounted
firewood combustion. Moreover, this study includes
many more sources such as evaporative, DG sets,
agricultural pumpsets, etc, which have not been
properly accounted in previous studies.

Spatial Distributions

Emissions of different pollutants for all the sectors are
spatially distributed using GIS into grids of 36 x 36
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km?2. Figure 11.8(a—f) shows the spatial distribution
of different pollutants in India. PM emissions are
geographically more in Indo-Gangetic plains (IGP)
mainly due to high population density, dependence
of biomass for cooking, vehicular density, and
presence of power plants. Other than IGP, PM,
intensities are higher in the states of Gujarat, Tamil
Nadu, and Maharashtra. NOx emissions are mainly
concentrated at urban centres and highways, mainly
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(e) NO,

A

Figure 11.8(a-h): Spatial distribution of PM__,PM
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due to vehicular activity. SO, emissions are found
to be higher at locations of power plants, cement
plants, iron steel manufacturing units, and other
industries burning coal. CO emissions are primarily
driven by incomplete combustion in rural households
and hence show higher intensities in Bihar, West
Bengal, and Uttar Pradesh. NMVOC emissions are
also dominated by biomass burning in IGP, followed
by emissions in urban centres due to vehicles and
solvent use.
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BC,OC, NO,,SO,, CO,and NMVOC emissions in 2011

Economic Growth and Emissions

While there is growth in emissions projected in future
for most of the pollutants, the emission intensities
are expected to reduce significantly with controls in
different sectors. These controls reduce the emissions
intensity (kilotonnes of pollutants per unit of GDP
produced) considerably over the years (Figure 11.9).
The emission intensities are also compared with
other regions in the world (Figure 11.10 and 11.11).



16

14

NOx (kt)/billion USD (GDP)

121
10+
8-
6
4
2 \
0

Summary and Conclusions o 171

2001 2010 2020 2030 = 2040 2050

——ASIA  ——AIM  ———QECD ——REFS  —@— India

Figure 11.9:Projected emission intensity (kilotonnes/billion USD of GDP) in India over the years
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Figure 11.10: Projected NOx emission intensity (kilotonnes/billion USD of GDP) in different regions of the

world over the years
Source: http://www.iiasa.ac.at/web-pps/ggi/GgiDb/dsd?Action=htmlpage&page=series

This shows that although the present emission
intensities are higher in India, they are slowly
reducing to converge with the emission intensities
projected for other regions by the year 2050.The GDP
is at market exchange rates.

Conclusions

India is on the path of rapid economic growth. While
the focus is on poverty alleviation and development,
emissions have gradually increased over the years.
There are some interventions taken in past for control
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Figure 11.11:Projected BC emission intensity (kilotonnes/billion USD of GDP) in different regions of the

world over the years
Source: http://www.iiasa.ac.at/web-apps/ggi/GgiDb/dsd?Action=htmlpage&page=series
OECD90 = Includes the OECD 90 countries, therefore encompassing the countries included in the regions Western Europe
(Austria, Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal,
Spain, Sweden, Switzerland, Turkey, United Kingdom), Northern America (Canada, United States of America), and Pacific OECD
(Australia, Fiji, French Polynesia, Guam, Japan, New Caledonia, New Zealand, Samoa, Solomon Islands, Vanuatu) .

REF = Countries from the Reforming Economies region (Albania, Armenia, Azerbaijan, Belarus, Bosnia and Herzegovina, Bulgaria,
Croatia, Cyprus, Czech Republic, Estonia, Georgia, Hungary, Kazakhstan, Kyrgyzstan, Latvia, Lithuania, Malta, Poland, Republic
of Moldova, Romania, Russian Federation, Slovakia, Slovenia, Tajikistan, TFYR Macedonia, Turkmenistan, Ukraine, Uzbekistan,

Yugoslavia).

ASIA =The countries included in the regions China + (China, China Hong Kong SAR, China Macao SAR, Mongolia, Taiwan) , India
+ (Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, Sri Lanka) and Rest of Asia (Brunei Darussalam, Cambodia,
Democratic People’s Republic of Korea, East Timor, Indonesia, Lao People’s Democratic Republic, Malaysia, Myanmar, Papua New
Guinea, Philippines, Republic of Korea, Singapore, Thailand, Viet Nam) are aggregated into this region.

MAF =This region includes the Middle East (Bahrain, Iran (Islamic Republic of), Iraq, Israel, Jordan, Kuwait, Lebanon, Oman,
Qatar, Saudi Arabia, Syrian Arab Republic, United Arab Emirates, Yemen) and African (Algeria, Angola, Benin, Botswana, Burkina
Faso, Burundi, Cote d'Ivoire, Cameroon, Cape Verde, Central African Republic, Chad, Comoros, Congo, Democratic Republic of
the Congo, Djibouti, Egypt, Equatorial Guinea, Eritrea, Ethiopia, Gabon, Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, Lesotho,
Liberia, Libyan Arab Jamahiriya, Madagascar, Malawi, Mali, Mauritania, Mauritius, Morocco, Mozambique, Namibia, Niger, Nigeria,
Reunion, Rwanda, Senegal, Sierra Leone, Somalia, South Africa, Sudan, Swaziland, Togo, Tunisia, Uganda, United Republic of
Tanzania, Western Sahara, Zambia, Zimbabwe) countries.

LAM =This region includes the Latin American countries (Argentina, Bahamas, Barbados, Belize, Bolivia, Brazil, Chile, Colombia,
Costa Rica, Cuba, Dominican Republic, Ecuador, El Salvador, Guadeloupe, Guatemala, Guyana, Haiti, Honduras, Jamaica,
Martinique, Mexico, Netherlands Antilles, Nicaragua, Panama, Paraguay, Peru, Puerto Rico, Suriname, Trinidad and Tobago,
Uruguay, Venezuela).
where MAF and LAM are together, the former ALM region of the SRES scenarios

of air pollution mainly at the urban scales in India. inventories to carry out simulation studies for regional
However, the recent studies have suggested that the scale improvement of air quality in India. This study
regional scale improvements are required to effectively  presents a multi-scale high-resolution emission
control pollution levels at urban and regional scales. inventory for India for the baseline (2011) and future

This calls for preparation of databases for emissions  years till 2051. The estimates are based on TERI's




earlier work in developing energy use scenarios for
the country. Established methodologies have been
used to estimate emissions from different sectors and
useful insights have been drawn. It is noted that while
residential sector biomass burning-based emissions
are significantly high currently, they are projected to
reduce considerably in next few decades. On the other
hand, rapid industrial growth will lead to significant
emissions and in a limited control scenario, the
emission are expected to increase in future. Transport
PM emissions may not be found significantly high at
the National scale but are significantly concentrated
at the urban levels, leading to higher contributions
there. Key sectoral recommendations that are made for
control of emissions are :

Power and industries

= Development of standards for NOx and other
important gaseous pollutants

= [nstallation and maintenance of APC devices

= Continuous monitoring and reporting of stacks

= Development emission trading schemes and
other fiscal measures for performance beyond
compliance levels

= Ensuring 24x7 power supply to reduce DG Set
usage.

Transport

= Adoption of stringent auto fuel policy and vehicle
emission norms

= On-road vehicle emission management :
systems, fleet modernization, retrofitment

= Enhancement of public transportation systems

= Development of fuel efficiency standards

1&M

= Electric mobility
= Promotion of non-motorized transport options

Residential

= Enhanced penetration of LPG
= Penetration of improved cook stoves, R&D

Open burning

= Development of plans for more productive energy
use of the crop-residues currently burnt
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Evaporative emissions
= Development of standards for control of

evaporative/fugitive emissions from different
product use

= |nstallation of stage-l/Il control at oil handling
units.

= Control of evaporative emissions from vehicles
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Annexure

Annexure 11.1: Sectoral emission estimates (kt/yr) of different pollutants 2001-51

PM10 Sectors 2001 20m 2021 2031 2041 2051
Residential 2944 315 2913 2774 2502 2048
Industry 3685 4627 10212 13953 15230 15093
Power 257 453 869 1016 1216 1354
Transport 218 342 478 498 594 761
DG set 104 82 72 76 81 78
Open burning 620 818 1004 1190 1376 1562
Evaporative
Others 890 1204 1561 1976 2399 2773
Total 8717 10641 17110 21483 23398 23668

PM2.5 Sectors 2001 2011 2021 2031 2041 2051
Residential 2570 2660 2450 2333 2104 1723
Industry 1923 2451 5507 7816 8706 8546
Power 103 181 348 407 487 542
Transport 194 288 371 293 256 296
DG set 88 70 61 65 69 66
Open burning 350 462 567 672 771 882
Evaporative
Others 602 756 942 1149 1363 1574
Total 5830 6867 10246 12733 13760 13629

BC Sectors 2001 20M 2021 2031 2041 2051
Residential 835 521 260 247 223 183
Industry 44 77 88 113 138 161
Power 12 22 42 49 58 65
Transport 138 197 235 158 104 m
DG set 62 49 43 46 48 47
Open burning 48 57 66 75 83 92
Evaporative
Others 38 43 59 72 84 97
Total 1178 971 794 759 739 755

© Sectors 2001 201 2021 2031 2041 2051
Residential 25942 31385 31953 30560 27696 22827
Industry 3196 5728 9921 16751 23370 28335
Power 23 ] 72 128 207 286
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Transport 1983 2777 4149 6173 9488 14167
DG set 318 251 288 304 0 0
Open burning 2549 3244 3905 4565 5225 5885
Evaporative
Others 2389 3006 3621 4328 5059 5799
Total 36401 46435 53909 62809 71046 77299
NOx Sectors 2001 2011 2021 2031 2041 2051
Residential 633 766 789 762 699 585
Industry 520 950 1980 3405 4877 6038
Power 573 1015 1935 3565 5786 7334
Transport 1164 2665 3826 3904 4530 6162
DG set 1475 1164 833 8771 929 893
Open burning 104 137 169 200 232 263
Evaporative
Others 220 280 344 415 488 562
Total 4689 6978 9876 13129 17540 21838
S02 Sectors 2001 20M 2021 2031 2041 2051
Residential 303 330 314 299 270 |
Industry 1901 3175 6070 10118 14478 18147
Power 1031 1842 3490 3981 4650 5108
Transport 120 53 27 50 87 145
DG set 97 77 15 16 0 0
Open burning 30 40 50 59 68 77
Evaporative 0 0 0 0 0 0
Others 29 37 46 55 65 75
Total 3512 5553 10011 14577 19617 23773
NMVOC Sectors 2001 2011 2021 2031 2041 2051
Residential 5457 6637 6771 6471 5860 4824
Industry 74 123 194 305 425 532
Power 4 8 14 25 40 53
Transport 605 802 1026 980 926 1103
DG set 120 95 68 72 247 304
Open burning 274 512 732 952 n73 1393
Evaporative 797 2050 4431 9194 17233 30089
Others 952 1191 1418 1684 1960 2238
Total 8283 11418 14652 19683 27863 40536
0cC Sectors 2001 2011 2021 2031 2041 2051
Residential 1222 1488 1513 1441 1300 1064




Industry 63 107 143 198 248 290
Power 20 34 66 77 92 103
Transport 47 70 9 66 42 35
DG set 19 15 13 14 15 14
Open burning 109 128 145 163 180 198
Evaporative
Others 309 392 482 581 684 788
Total 1787 2234 2459 2540 2561 2493
Annexure 11.2: State-wise emission estimates (kt/yr) of different pollutants in 2011
States PM10 PM2.5 NOx S02 © BC 0cC NMVOC
Andhra Pradesh 708 415 553 440 2956 54 126 736
Arunachal Pradesh 25 15 19 4 186 4 8 47
Assam 247 170 89 44 1594 30 72 364
Bihar 500 375 n 165 3834 65 224 891
Chhattisgarh 818 541 33 533 1222 36 34 145
Goa 22 10 19 14 Y] 1 2 16
Gujarat 1129 637 519 542 2509 48 99 804
Haryana 293 189 254 124 1355 30 49 322
Himachal Pradesh 92 51 65 39 392 7 16 98
Jammu & Kashmir 78 52 75 39 526 n 24 18
Jharkhand 238 153 194 210 1856 25 58 320
Karnataka 468 250 376 214 2401 Y] 105 657
Kerala 179 95 203 80 1250 24 54 350
Madhya Pradesh 568 384 366 246 2620 54 139 659
Maharashtra 748 469 589 528 3456 70 141 925
Manipur 12 10 14 1 923 2 4 23
Meghalaya 32 23 25 n 172 4 7 41
Mizoram 12 7 10 2 73 1 3 20
Nagaland 16 9 13 3 107 2 5 26
Orissa 963 630 307 392 2297 53 85 465
Punjab 461 280 267 149 20M 34 60 370
Rajasthan 617 21 439 354 2700 63 128 674
Sikkim 4 3 3 1 PX] 0 1 6
Tamil Nadu 414 246 553 418 1924 51 91 549
Tripura 27 16 13 3 218 4 9 50
Uttar Pradesh 1207 916 733 468 6985 159 391 1540
Uttaranchal 167 87 67 45 716 12 23 147
West Bengal 514 364 444 483 2858 62 138 664
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