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Background and Objective     
 � Many Indian cities including New Delhi are included in the list of most 

polluted cities in the world (WHO 2014, Cheng et al. 2016). About 80 
per cent of cities in India violate the prescribed standards of ambient air 
quality (CPCB 2014). Multiple sources contribute to the problem and, 
hence, sector-specific strategies are required for control of air quality. 

 � This policy brief aims to analyse the whole issue in terms of key drivers, 
such as rapid urbanization, transportation, industrialization, power 
generation, and agricultural activities, that subsequently lead to air 
pollution at different scales in India. These drivers lead to generation 
of pressures on the air quality through release of pollutants. The brief 
assesses the contribution of different sources of emission and pollutant 
concentrations at urban and national scales and the impact on human 
health and other important receptors and discusses the key measures 
required for improvement of air quality in urban centres of India.  

Drivers of Air Pollution       
 � Urbanization, transportation, industrialization, power generation, and 

agricultural activities are the key drivers that lead to air pollution through 
release of emissions.  

 � Population in India has grown from approximately 36 crores in 1951 to 
121 crores in 2011. Urbanization levels grew from 17 per cent in 1951 to 
31 per cent in 2011, mainly driven by rural to urban migration. Growing 
population has a direct linkage with fuel consumed in the residential sector. 
Households in urban slums and rural areas surrounding cities still depend 
on biomass for cooking. Refuse generation (which is sometimes burnt 
later) is another activity driven by population and urbanization levels. 
Population along with economic growth in cities has also led to increase 
in mobility and transportation demands. Registered vehicles in India have 
grown from 5.3 million in 1981 to 159 million in 2012, with two wheelers 
and cars having 73 per cent and 14 per cent shares, respectively. Fuel 
used in residential and transportation sector contributes to air pollutant 
emissions. Also, movement of vehicles causes re-suspension of dust, 
which adds to the ambient concentrations of particulates. 

 � Industrial production in India has grown exponentially over the past two 
decades. During 2001–11, the production of finished steel, cement, coal, 
and crude oil has grown at the rate of 9.0 per cent, 8.1 per cent, 5.5 per 
cent, and 1.5 per cent, respectively.  A Comprehensive Environmental 
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Pollution Index formulated in 2009 showed that 43 
of 88 industrial areas/clusters were critically polluted 
(CPCB 2009). 

 � The overall electricity generation in India has gone up 
from 5 billion kWh to 811 billion kWh during 1951–
2011. Coal-based power plants are important sources 
of pollution. Despite tremendous increase in capacity, 
there is a significant demand–supply gap, and many 
regions including suburban areas face acute power 
shortages that leads to use of diesel generators (DG 
sets) as standby power source. DG sets contribute 
significantly to pollutant loads in and around urban 
areas.

 � Steep rise in cement and steel production also 
points towards growth of the construction sector in 
India, predominantly in urban regions. The share of 
construction in overall GDP in India has increased 
from 6.1 per cent in 2002–03 to about 8 per cent in 
2014–15. Non-adherence to the guidelines for control 
of dust generated during construction activities further 
contribute to air pollution. Other than in-house sources 
in the cities, there are contributing factors in surrounding 
areas. Most urban regions in India are surrounded by 
rural regions where agricultural activities are carried 
out. Open (in-situ) burning of agricultural crop residue 
is practiced for quick preparation of the land for the 
next crop, which leads to emissions of pollutants. 
Other than this, agricultural activities such as tilling for 
soil cultivation and crop harvesting also contribute to 
generation of dust.  

Growth of Pollutant Emissions in India  
 � Drivers discussed above lead to generation of 

emissions. While some of these pollutants are emitted 
due to inefficiency of the combustion processes, many 
others are generated due to fuel properties, chemical 
reactions, and lack of tail pipe controls. The main 
pollutants that are emitted from different sources 
are particulate matter (PM), carbon monoxide (CO), 
oxide of sulphur (SO2), hydrocarbons/volatile organic 
compounds (hydrocarbons -HCs/VOCs), and oxides of 
nitrogen (NOx). 

 � Contribution of different source to air pollution varies  
at different scales. PM10 emissions at national scale in 
2016 are dominated by industrial (51 per cent) and 
residential combustion (28 per cent) sectors (Figure 
1). Tail pipe emissions from transport sector contribute 
just 2  per cent of PM10 emissions at the national scale. 
However, their contribution is much higher at urban 
centres because these emissions are concentrated in 
these centres. The contributions from residential and 

transport sector increase in PM2.5 emissions. Most 
emissions from domestic cooking and open burning of 
agricultural residues are released in rural regions. Power 
plants contribute limitedly to the national inventory 
of PM emissions, but may contribute significantly to 
pollution levels in specific zones of influence of power 
plants. 

 � Spatial distribution of emissions of PM2.5 shows that 
emission intensity is highest in the Indo-Gangetic plains 
as well as in the states of Gujarat, Tamil Nadu, and 
Maharashtra. 

 � Future projections of PM10 emissions suggest further 
increase till the year 2030 due to rapid industrial 
growth and limited tail pipe controls. Transport sector 
emissions are expected to reduce by introduction 
of advanced fuel quality and technological controls. 
Residential emissions will decrease due to improved 
penetration of LPG. Black carbon emissions are 
projected to decline with decreased shares from the 
residential and transport sectors. On the other hand, 
NOx, and SOx emissions will grow due to absence of 
control norms for most industries. VOC emissions will 
also grow due to rise in evaporative emissions from 
solvent use and oil handling.

Impacts of Air Pollution in India  
 � Air pollution is now widely known to have impacts 

over human health, agriculture, ecology, buildings, 
and climate. It affects the respiratory, cardiovascular, 
cardiopulmonary, and reproductive systems and can 
also lead to cancer (Steinle et al. 2015). International 
Agency for Research on Cancer (IARC) has classified 
outdoor air pollution as carcinogenic to humans (Group 
1) (IARC 2013).  Lim et al. (2012) estimated 0.62 million 
mortalities annually in India that could be attributed to 
PM2.5 pollution in 2010 (Figure 2a). This makes air 
pollution the fifth largest killer in India. TERI projected 
the mortalities to increase to 1.1 million in 2031 and 1.8 
million in 2051, in a business as usual scenario (Figure 
2b). IHME (2013) also lists air pollution among the top 
10 health risks in India. 

 � Other than outdoor pollution, biomass used in rural 
regions and urban slums for cooking and kerosene for 
lighting is associated indoor air pollution and with a 
variety of health diseases such as Chronic Obstructive 
Pulmonary Disease (Sukhsohale et al. 2013), 
tuberculosis (Lakshmi et al. 2012), cataract (Pokhrel et 
al. 2005), and adverse pregnancy outcomes (Lakshmi 
et al. 2013).

 � Other than health, impacts have also been noted on 
buildings; cultural monuments and national heritage 
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sites are of particular concern (Tidblad et al. 2012). 
The Taj Mahal is one such example of degradation of 
a cultural heritage building due to air pollutants. Air 
pollution, and particularly ground level ozone, also 
impacts agricultural productivity of many crops such as 
wheat, rice, maize, etc. Burney and Ramnathan (2015) 
estimated a relative yield loss of approximately 33 per 
cent for wheat and approximately 20 per cent for rice 
due to ozone pollution in India. 

 � Some of the air pollutants such as black carbon, ozone, 
and methane also have warming potential and are known 
as short-lived climate pollutants. Aerosols reduce the 
light and heat reaching the Earth’s surface, causing 
heating of the atmosphere and cooling of the Earth’s 
surface (Sharma et al 2016). This changes evaporation 
rates and precipitation efficiency of the clouds and can 
eventually impact the rainfall patterns in a region, which 
has implications over several aspects including rain-fed 

Figure 1: Sectoral air pollutant emission inventories for India (2016–50) 

Source: TERI estimates

Figure 2: (a) Mortalities attributed to PM2.5 concentrations in India in 2010, 2031, 2051. (b) Projected increase in mortalities attributed to PM2.5 in a BAU scenario in India. 
Source: Lim et al (2012) (Global burden of disease) and TERI (2015)
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agriculture. Other than these impacts, there could be 
larger regional impact over the monsoons in Indian 
peninsula (Ramanathan et al. 2008). 

Urban Air Pollution Source Apportionment 
Studies 

 � The drivers discussed in section1 lead to generation 
of pollutant emissions from a number of sources.  
Prioritization of remedial action to improve air quality 
thus requires information on the contribution of 
different sources. 

 � World Bank, 2004, conducted a limited scale study 
for cities of Delhi, Kolkata, and Mumbai, which found 
diesel combustion, road dust re-suspension, and 
biomass burning contributing significantly to PM2.5 
concentration, with smaller contributions from gasoline 
and secondary particulates. The study also pointed out 
inter-city variations and confirmed that each city has its 
own characteristics and needs to be dealt differently. 

 � Central Pollution Control Board (CPCB 2011) shows the 
results of  the first comprehensive source apportionment 
studies carried out in  six cities in 2007—Bangalore, 
Chennai, Delhi, Kanpur, Mumbai, and Pune (Figure 
3). Dust from road dust re-suspension, construction 
activities, and soil has the major contribution (6–58 
per cent) to PM10 concentrations in the six cities. The 
share of transport sector increases significantly, when 
focus is shifted from PM10 to PM2.5 (finer fractions) 
concentrations. The average share of transport sector 
increases from 19 per cent in PM10 to 31 per cent 
in PM2.5 concentrations. In Bangalore, it emerged 
as the single largest source (49 per cent) of PM2.5. 
The share of NOx emissions in different cities shows 
a dominance of transport across all six cities (CPCB 
2011). Secondary particulates formed due to chemical 
conversion of gaseous pollutants such as SO2 and NOx 

also contribute significantly to PM2.5 concentrations in 
different cities.

Strategies for Control of Air Pollution in  
Urban Centres  
For each of the drivers (urbanization, transportation, 
industrialization, power generation, and agricultural 
activities), strategies are discussed for controlling air 
pollution in urban centres of India. 

Urbanization 
 � City planning and management: To an extent, 

pollution can be abated by urban design, topography, 
and meteorological factors, other than control of 
emissions. City planners can effectively plan spatial 
distribution of point sources of pollution, such as 
industries, landfills, treatments plants, transportation 
routes, open spaces, which impact the quality of air in an 
urban region. Regional and metropolitan strategies that 
are long range should go together with the small-scale 
short-range location and design strategies. Regional 
physical structure—shape, density, and organization 
of settlement areas; orientation and composition of 
subareas; pattern and type of transportation systems; 
and shape and location of open spaces—have major 
implications on air pollution. While selecting from 
several urban growth forms, emphasis must be laid on 
patterns that have potential for improving air pollution 
dispersion efficiency and reducing motorized travel. 
Adopting a balanced sub-regional approach for regional 
and metropolitan development with integration of 
mass transit is found to be helpful in reducing trip 
lengths, motorized travel, and urban sprawl. Landuse 
planning with plans of reduced population density around 
industrial zones or in downwind direction can help 
in reducing exposure to the pollutants released from 

Figure 3: Source contributions to PM10 and PM2.5 concentrations in residential areas of six cities.
Source: CPCB (2011)
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industries. This requires comprehensive studies of 
local meteorology and topography in order to improve 
spatial arrangements of industrial, commercial, and 
residential areas. Open spaces acting as buffer zones 
are also important but often such planned buffer strips 
get absorbed for other landuse applications during the 
lifetime of the development plan and therefore require 
strong laws and enforcement for their retention. 
Planning and siting of solid waste management sites 
also needs to be done carefully and proactively. 
For large projects, mandatory requirement of prior 
environmental approval provides mechanisms for 
mitigating key adverse environmental impacts. 

• Updation of State/UT Town and Country planning 
acts as per the suggested updates provided in the 
URDPFI (Urban and Regional Development Plans 
Formulation and Implementation)  guidelines, 
2014. Few urban design interventions may also be 
implemented through appropriate modifications 
in development regulations and building bye-laws. 
Master Plan/Development plans including  City 
Development plans, city mobility plans and other 
special plans to strongly focus on optimizing the 
landuse integration with transportation planning 
and some of the points mentioned above. Use of 
appropriate tools and techniques (also mentioned 
in the URDPFI guidelines) including simulation 
tools can greatly facilitate in selection of better 
alternatives (plan proposals). Visualisation tools can 
also facilitate in more citizen engagement at early 
stages instead of depending on public participation 
after the draft stages. Capacity building of the staff 
of urban planning departments who are involved 
in making such short term, medium term and 
long term plans is imperative and long pending. 
Allocation of separate funds to do consistent fact-
finding research on scientific analysis of public health 
and transportation/urban planning will greatly help 
in building evidence for course correction/better 
implementation of perspective and development 
plans. This will influence getting political support 
for implementation of development plans.

 � Supply of cleaner fuels, stoves to rural areas 
and urban slums: There is a need to widen the 
access of LPG or PNG and, wherever appropriate, 
smaller packaging and safe refilling options. Several 
government schemes designed to increase LPG/ PNG 
access across India have successfully enhanced the 
use of clean fuel in urban areas. Urban households 
using LPG has increased from 44.2 per cent to 68.4 
per cent during 2000–12. However, dependence on 

biomass is still noted, with highest in Odisha (36.5 per 
cent) closely followed by Kerala (36.3 per cent) and 
Chattisgarh (34.7 per cent) (NSSO 2012). Fuel-efficient 
biomass-based improved cook stoves can bring down 
exposure level relatively close to cleaner fuels. Even 
as the government aims at providing LPG to all, it is 
evident that several million households will continue 
to depend on traditional biomass for cooking due to 
economic, supply, and delivery constraints. There is a 
need for more efficient use of biomass as a cooking fuel 
through the improved stoves with efficiencies ranging 
between 30  and 40 per cent as compared to 8 and 
10 per cent of traditional cook stoves. Figure 4 shows 
the reductions in indoor concentrations of pollutants 
due to use of improved cookstoves in comparison to 
the traditional ones. Equally important is the need for 
research on development of more efficient processed 
fuels that have relatively higher calorific value and less 
smoke.  

 � Solar lighting options to rural areas and urban 
slums: For lighting, 7 per cent urban households 
still use kerosene in India (Census 2011). Until they 
connect with electricity, they could benefit from solar 
lamps, which can continue to be used even after grid-
based electricity is provided (IEP 2008). There is need 
for an adequate institutional mechanisms and delivery 
channels for sale and after-sales service. Solar lanterns 
should be promoted to households in urban slums 
and rural un-electrified regions that use kerosene (for 
lighting) while simultaneously phasing out the kerosene 
subsidy. 

 � Awareness generation: Programmes to generate 
awareness are needed to increase adoption of simple 
household level measures such as improved ventilation 
and selection of cleaner traditional fuels (Sehgal et al. 
2014).

Controlling refuse burning:    
 � Waste is sometimes burnt both at the site of generation 

and where it is disposed of. The per capita waste 
generation reported  in India is 0.45 kg/day in urban 
areas and 0.29 kg/day in rural areas. The collection 
efficiency in urban areas is 70 per cent (Planning 
Commission 2014). At India level, 552 kt/yr of PM2.5 
emissions are estimated from refuse burning activity 
in 2011 (Sharma and Kumar 2016), which is projected 
to grow to 1,452 kt/yr in 2051. To tackle the issue 
of solid waste management, firstly there is a need to 
formulate a National and state level policy for solid 
waste management (SWM) and to  address these 
issues in municipal  bylaws and waste management 
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action plans of cities. Within the SWM policy, mandate 
can be issued for strict adoption and adherence to the 
‘3R (reduce, reuse, and recycle)’ with an aim to reduce 
volumes of waste generated and maximize resource 
recovery and reuse. To ensure effective enforcement 
SWM cells needs to  be created at state and city levels 
and state pollution control boards need to monitor 
implementation of action plans.  The SWM cells 
will impart technical guidance to urban local bodies 
on the rules and regulations pertaining to municipal 
solid waste management; will advise them on ways 
to achieve the specified standards and participates in 
public awareness and clean city programs.  Further, 
the SWM cells need to facilitate creation of market 
for recycled products derived from waste.  Bureau of 
Indian standards need to formulate standards for the 
recycled goods based on international experiences and 
good practices. Also public and private procurements 
should incentivize recycled products derived from 
waste materials.  Extended Producers Responsibility 
(EPR) is a main feature of waste management Rules 
notified in 2016. However the enforcement of   EPR 
is currently weak and it can be strengthen either by 
creating recycling banks by producers where waste 
can be recycled or creating producer responsibility 
organizations (PRO)  for collection, transportation and 
recycling of waste. 

 � Improving collection efficiency and segregation: 
Collection efficiency of waste is not satisfactory even 
in urban regions. State pollution control boards in 
collaboration with City Corporations can develop a 
mobile application  to put up the complaints to the 

concerned authorities with upload of the actual site 
pictures and coordinates. Based on data of complaints, 
intercity and intra city comparisons can be made to 
generate competitive spirit for municipal solid waste 
management among the cities. To manage the waste 
generated in the societies, QR code can be provided 
by RWA’s to each household, which needs to be 
scanned every time the waste is collected from the 
house. Data generated by QR code can directly go 
to RWA’s and corporations. Based on the number of 
times the QR code scanned in a month, responsible 
person can be penalized. 

 � Complete ban on refuse burning: Ban on refuse 
burning needs to be strictly enforced with substantial 
penalties on non-adherence. State pollution control 
boards in collaboration with City Corporations can 
develop a mobile application for bringing any major 
refuse burning event to notice in a region. State 
governments need to set up winter shelters with 
heating arrangements for homeless people.

 � Waste to energy options: With proper segregation 
of high calorific value non-recyclable and non-
biodegradable waste, waste-to-energy options with 
proper pollution controls need to be explored on 
public private partnership mode; initially, on pilot basis 
and then at larger scales in the cities. 

Maintaining quality and cleanliness of roads: 
 � Re-suspended road dust is one of the significant 

contributors to PM10 concentrations in cities. Dust 
gets re-suspended in the air due to movement of 
vehicles. The particles re-suspended from road side are 

Figure 4: Reductions in indoor concentrations of pollutants due to the use of improved cookstoves in comparison to the traditional ones
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mainly coarse (>2.5mm) by nature but still can cause 
respiratory illnesses. 

 � There is a need to ensure quality control in construction 
of roads through random tests and checks and IT-based 
monitoring systems. Wall-to-wall paving (with provision 
of  rain water percolation) and maintenance of roads 
can be ensured with the use of mobile applications to 
spot and inform irregularities.  

 � Regular and efficient road sweeping is required; vacuum 
cleaning devices can be used. Unpaved roads need to 
be paved and, if not possible, they can be covered with 
gravel and maintained on annual basis.

Dust control at construction sites:   
 � There is a boom in the construction sector in India, 

more specifically in urban regions in order to sustain 
an ever-increasing pressure of housing and commercial 
space. Different activities at the construction site 
cumulatively account for generation or re-suspension of 
dust. To control emissions from construction activities, 
wind speeds need to be reduced and moisture content 
can be enhanced at the construction site for reducing 
the possibilities of dust getting air borne. This should 
be done by proper fencing of the construction site 
with barriers set perpendicular to the direction of the 
wind. Trees and shrubs can also act as wind barriers. 
Depending upon availability of water, fogging systems 
could also be used to trap dust particles. 

 � Vegetation on certain parts of the un-stabilized land can 
reduce dust emissions from the ground. Un-stabilized 
soil should be compacted using rollers and spreading 
heavy rocks and gravel on the recently excavated land 
can also reduce dust emissions. Storage piles should be 
in the downwind direction and should be kept within 
enclosures. Pre-fabricated material should be used at 
construction site to minimize activities such as cutting, 
grinding, and drilling in an open area. 

 � Under the EIA guidelines, all major construction projects 
need to develop and adhere to an environmental 
management plan, which lists down the measures to 
be taken for control of dust at the construction site. 
For enforcement, all the contractors/builders should be 
asked to provide online continuous air quality data of 
the site on their websites. The calibration and accuracy 
of data collection should also be the responsibility of 
the builder/contractor. Visible violations should be 
reported through mobile applications.      

Transportation
 � AVOID–SHIFT–IMPROVE approach needs to be 

adopted for effective control of vehicular emissions. 

While the AVOID strategies aim to reduce travel 
demands, the SHIFT strategies attempt to move the 
modal shares from private/motorized modes to public/
non-motorized options. Shift towards more efficient 
modes such as from road to rail are also covered within 
this. Finally, IMPROVE strategies focus on enhancement 
in quality of fuels, technologies, and strengthening of 
the systems for control of pollution.        

Travel Demand Management (TDM)  
 � Ministry of Urban Development has suggested planning 

and implementing travel demand management (TDM) 
measures as part of Comprehensive Mobility Plans in 
Indian cities. The Ministry with help of TERI has also 
brought out a toolkit on TDM strategies to implement 
them in Indian cities. TDM measures can be classified 
into pull and push measures. Pull measures involves 
strategies that are targeted at promoting public transport 
and non-motorized transport (NMT). They need to be 
combined with push measures to encourage modal shift 
from private to public modes. “Push” strategies generally 
involve economic measures to internalize the negative 
externalities of private vehicle use. The TDM push 
measures can be mainly classified into vehicle ownership 
controls and vehicle usage controls.

 � Vehicle ownership controls can be implemented 
through vehicle quota systems and taxes and insurances. 
A quota system aims to control the vehicle ownership 
of individuals by permitting a certain monthly quota on 
registration of new vehicles, which is then open for 
bidding/lottery as tried out in Singapore. High taxation 
strategies can be used to control vehicular growth by 
increasing the cost of owning a car. These taxes can be 
institutionalized at the centre or state level in various 
forms—registration taxes, excise and customs duty, 
road tax, fuel taxes, etc. These measures are used in 
Singapore, Japan, and Hong Kong to increase the cost 
of owning a car and thereby restricting car ownership. 
High insurance costs have also been employed in places 
such as Singapore and Japan to discourage private 
vehicle sales. Other ways to control vehicle ownership 
are through ensuring that an owner has an exclusive 
parking space for the car before for owning it.  The 
parking rentals costs are generally kept high to act 
as a discouragement to private vehicle purchase and 
use. Similarly in Japan, heavy charges were charged for 
fitness inspection certificates to restrict the movement 
of older/unfit vehicles and also to increase cost of car 
ownership.

 � Vehicle usage controls are applied in the form of 
road space rationing, congestion pricing, parking 



P o l i c y  B r i e f

8 FEBRUARY 2018

management, etc. Road space rationing is commonly 
known as the alternate-day travel or driving restriction 
or no-drive days, restricts entry of vehicles into certain 
areas based on the last digit of the number plates. This 
is found to reduce pollution levels in a short term, but 
eventually people get over the restriction by buying 
more vehicles. This has been tried out in Beijing, Paris, 
Mexico City, Rome, etc. Delhi has also implemented 
this strategy in 2016 to bring down pollution levels and 
was limitedly successful in reducing pollution levels 
and congestion on the roads. Road usage/congestion 
pricing is based on ‘pay as you use’ principle and usually 
takes three forms: cordon pricing, area license, and 
priced roads/road pricing. This aims to reduce number 
of vehicles to encourage modal shift by charging 
vehicles on entry in restricted zones/times. This can 
be complemented by providing exemptions to higher 
occupancy vehicles. This strategy has been used in cities 
such as Singapore, London, Sweden, Rome, Durham, 
Seoul, San Diego, etc. Parking management used to 
reduce car usage through constraining parking supply 
and pricing. Parking pricing and setting time limits can 
increase the cost of using a car and discourage people 
from using cars. It is seen that priced parking can help 
reduce the vehicle trips by 10–30 per cent (Litman 
2015). 

Public Transportation
 � Use of public transportation can result in 90–95 per cent 

reduction in CO,VOCs, and 50 per cent reduction in CO2 
and NOx emissions as compared to private vehicles.1 
The share of public transport in category 6 cities (above 
8 million population) was 44 per cent, category 5 (4–8 
million) was 21 per cent, category 4 (2–4 million) was 10 
per cent, category 3 (1–2.0 million) was 13 per cent, and 
category 2 (0.5–1 million) was 9 per cent;2 however, its 
share is going down in favour of private vehicles due to 
many reasons. National Urban Transport Policy (NUTP) 
2007 lays special emphasis on encouraging public 
transport in Indian cities through financial assistance. 
The JNNURM scheme was responsible for setting up 
and strengthening bus-based public transportation 
system in many cities. Despite various efforts by the 
government, only few  Indian cities have some form of 
public transportation systems. Many cities are planning 
and implementing mass rail transit systems like metro 

1 Shapiro, Robert J., Kevin A. Hassett, and Frank Arnold. Conserving Energy 
and Preserving the Environment: The Role of Public Transportation. 
Washington: American Public Transportation Association, 2002.

2 In 2007, Source: Wilbur Smith Associates and Ministry of Urban 
Development, 2008, p. 38

systems that require huge investments, hence should only 
be planned as per the needs and spatial characteristics 
of a city. In many cases, the mobility needs of the city 
can be met by a bus-based system, which is much less 
expensive. There is a great need to enhance the public 
transportation system in the cities to shift people from 
private vehicle to more efficient and less polluting public 
modes. India also has a rich history of informal transport 
that offer shared services in absence of public transport 
systems or support public transport systems by providing 
last mile connectivity. 

Non-Motorized Transport (NMT)
 � Non-motorized modes of transport are non-polluting 

modes of transport and traditionally used to have high 
modal shares in Indian cities, which is depleting rapidly 
due to lack of or poor quality pedestrian infrastructure, 
amenities, and services. Indian cities having population 
of above 8 million had 30 per cent modal share of 
walking and bicycling. The modal share for walking 
and bicycling in category 5 (4–8 million) cities was 36 
per cent, for category 4 (2–4 million) and category 3 
(1–2 million) cities, it was 43 per cent, and for category 
2 (0.5–1 million) cities, 52 per cent3 in 2007. NUTP 
acknowledges the need for NMT and has called 
for equitable allocation of road space to encourage 
these. The current share of walking and cycling in 
cities should be maintained and encouraged through 
physical intervention in terms of road design and 
other facilities such as provision of providing exclusive 
lanes providing safe, efficient, and integrated network 
for NMT movement. NMT exclusive lanes should be 
complemented by good shade, bike parking facilities, 
road crossing priorities, etc. Cycling in cities should 
be encouraged through public bike sharing systems, 
as available in cities such as Paris, Copenhagen, 
Amsterdam, London, etc.

Fuel quality and vehicle emissions norms  
 � The Auto Fuel Policy 2002 announced by the Government 

of India laid down a roadmap for introduction of cleaner 
fuels and vehicles in the country up to 2010, wherein, 
13 selected cities moved to BS-IV norms by 2010, while 
rest of the country was to remain on BS-III norms. 
Consequently, heavy-duty trucks (which are the largest 
contributor to vehicular emissions), which move all 
across the country, remained on BS-III standards across 
the country, despite BS-IV norms introduced in some 
cities. Auto Fuel Vision Committee was set up in 2013 

3 In 2007, Source: Wilbur Smith Associates and Ministry of Urban 
Development, 2008, p. 38
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to recommend a future roadmap on advancement of 
these standards. They recommended the introduction 
of BS-IV and BS-V norms across the country by 2017 
and 2020, respectively. However, recently, the MoRTH 
has announced a move directly to the BS-VI emission 
standards by 2020, instead of moving to BS-V in between. 
This is an important move as it can reduce vehicular PM 
emissions to lowest possible levels (reduction of 55 per 
cent in 2030 with respect to BAU scenario) (Figure 5) 
and can lead to 17,000 lesser mortalities annually from 
2030 onwards. The health benefits of advancement to 
BS-VI norms outweigh the costs of its implementation 
(Sharma et al. 2014).  

Inspection and maintenance programme (I&M) 
 � Various studies report that on-road vehicles emit much 

higher levels of pollutants during their lifecycle as 
compared to the limits set during their certification stage. 
A proper inspection and maintenance programme (I&M) 
system ensures the confined vehicle performance in 
real-world conditions. Policies targeting in-use vehicles 
bring an immediate impact, as compared to other 
policies focusing on fuel and technology improvements 
that are meant to curb emissions over a longer period. 
Current I&M mechanism in India is not sufficiently 
effective to ensure low emissions from in-use vehicles. 
There is no way to ensure that vehicles during their 
lifetime, with proper maintenance, comply with their 
original mass emission standards. For in-use vehicles, 
instead of the loaded mode tests, stationary mode 
idling tests have been prescribed which do not reflect 

the real-world situation. Also, there is no mechanism 
to recall vehicles, if they do not perform well in real-
world driving conditions. Despite the provision for 
heavy penalties, just 21 per cent of registered vehicles 
appear for PUC (pollution under control) testing in 
Delhi (Sitalkashami et al. 2015). Moreover, the current 
system is not fool-proof and allows pass-through 
without proper testing. 

 � In-use vehicle compliance programme (IVCP): 
In-use vehicle compliance programme (IVCP) can 
be initiated under MoRTH to test the in-use vehicles 
and ensure that they actually comply with their 
original emission standards (Type Approval standards) 
throughout their useful life. MoRTH could initially 
target one vehicle model from all different automobile 
manufacturing companies operating in India. Vehicles 
representing different stages of their life cycles can be 
tested for in-use compliance to ensure performance 
over their useful lives. The vehicle models emitting 
greater than Type Approval norms must be further 
tested comprehensively, and in the event of further 
failure, the manufacturers should be asked to look 
into the possible causes and submit a detailed report. 
MoRTH could decide on further actions deemed 
necessary, which may ultimately lead to recall. 

 � I&M programme: Apart from the proposed IVCP, 
it is essential to strengthen the inspection procedure 
to address the menace of high emitters due to lack 
of proper maintenance. It is proposed that adequate 
number of centralized and further strengthened 
inspection centres be set up in every city, in place 

Figure 5: PM and NOx emission reduction in 2030 in vehicular sector due to introduction of BS-VI norms in 2020.
Source: Sharma et al. (2014)
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of the existing decentralized PUC centres. These 
limited number of inspection centres should be 
closely monitored by the respective state transport 
departments for quality assurance. They also must be 
better equipped, manned by trained personnel, and run 
by private agencies. However, the test data collected 
in each of these centres must be submitted on a real-
time basis to a centralized location managed by the 
state transport department. Testing frequency can be 
reduced to annual. I&M check requirements should be 
linked with the vehicle insurance. Based on an estimate 
of about 218 million on-road vehicles in 2020, an 
investment of about INR 7,300 crores will be required 
to set up these centres. However, this is recoverable in 
2-3 years (Sitalakshami et al. 2015). 

Scrap and retrofit programmes    
 � There is presently no mechanism for scrapping older 

vehicles or to retrofit them to make them less polluting. 
Scraping programmes can be designed to support fleet 
modernization schemes for providing incentives in the 
form of scrap value and tax exemptions for replacing 
older vehicles with newer fleets. However, 15-year-
old personal and 10-year-old commercial vehicles 
should mandatorily be scrapped unless equipped with 
retrofitted tail pipe treatment technology. With low 
sulphur BS-VI quality fuel available in 2017, and BS-V 
fuel in 2019, the efficiency of tail pipe control retrofits 
could be reasonably high. Financial and technical 
feasibility studies in this regard should be initiated. The 
options of retrofitting and fleet modernization should 
be provided to the operators so that decisions can 
be made after proper weighing of the options. State 
Transport undertakings and city bus operators should 
be motivated with fiscal incentives to modernize 
their fleets through turnover or retrofitting based on 
evaluation of cost effectiveness of both options.

Congestion and driving cycle improvement 
 � Many Indian cities are dealing with heavy congestion 

on their roads. Average speeds in 10 Indian cities were 
in the range of 12–23, 11–27, and 9–17 km/h for two 
wheelers, cars, and buses, respectively (Sharma et al. 
2016b). About 10–26 per cent driving time is spent 
idling and more than 4–29 per cent with speeds less 
than 5 km/h (Figure 6). An annual loss of more than 
Rs 3,800 was estimated in the 10 cities on account of 
idling fuel losses.

 � Driving cycles are used in vehicle emission test 
procedures to represent on-road driving conditions 
and any deviation from them in real world may result 

in higher emissions (Weiss 2012). Real-world driving 
conditions are found to be very different from the 
driving cycles used for emissions testing in India. Vehicles 
that comply with emission norms based on prescribed 
driving cycles may actually emit higher emissions in 
real-world conditions. There is need to reformulate 
the driving cycles to conform more closely to the 
real-world conditions. Ideally, world harmonized test 
procedures can be adopted, which cover a wide range 
of driving conditions than those included in currently 
used driving cycles.  

 � There is need to reduce congestion through traffic 
improvement strategies. Traffic signal improvements can 
be made through equipment upgradation, timing plan 
improvements, signal coordination and interconnection, 
and, in some cases, by signal removal, depending on 
intersection characteristics. Converting two-way 
movement to one-way operation, two-way street left 
turn restrictions, continuous median strip for left turn 
lanes, and channelized roadway and intersections may 
improve traffic operations. Roadway and intersection 
widening and reconstruction will improve traffic 
movements but their desirability would depend on 
land availability, connectivity needs, and flexibility of 
augmenting public transport. Incident management 
systems should also be implemented to manage traffic 
during any incident such as accidents, traffic jams, etc. 
Intelligent transportation systems can help in reducing 
congestion by improving coordination of traffic signals, 
improving monitoring capabilities to improve response 
times to various incidents on roadways, collect data for 
improved planning and evaluation of various schemes, 
smart parking options to reduce empty driving to find 

Figure 6: Percentage of driving time spent by cars in different driving conditions in 
10 cities. 
Source: Sharma et al. 2016b 
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parking spots, navigation systems to suggest shortest 
route/alternative routes, etc. 

 � Odd–Even schemes, similar to the one introduced by 
the Delhi Government, in which plying of privately 
owned cars was restricted on alternate days, can be 
implemented for control of congestion. However, with 
many exemptions, the effect of odd–even scheme on 
reducing congestion and pollution in Delhi was found 
to be small. This can be used as an emergency measure 
to cut down on congestion and pollution; however, a 
regular use of this strategy is not suggested as it can be 
negated by people buying cars or other vehicles (new 
or old) with alternative number plates.  

 � IT-based applications and other means of car-pooling, as 
well as ‘work from home’ policies should be promoted. 
More offices could look at flexible working hours and 
work from home facilities. Policy and regulatory issues 
related to the provision of car-pooling IT services, 
whether on commercial or non-commercial (cost 
sharing) basis, should be resolved. Purchase of new 
vehicles could be made conditional on an older car 
being scrapped. 

Transit bypasses 
 � There are significant emission contributions from 

transiting vehicles in a city. There are trucks that move 
across different states of India, inter-city buses, and 
private vehicles transit many cities in between before 
reaching their destination. Construction of bypass 
allows the vehicles to smoothly bypass the city without 
entering it. While it reduces the air pollution loads within 
the city limits, it also helps the transit vehicles to avoid 
city congestion. This measure can be complemented by 
deployment of environment taxes for freight vehicles 
entering the city to incentivize truck operators to pick 
alternative routes and to use efficient and less polluting 
models of trucks. TERI (2011) identified bypassing of 
transiting trucks as the strategy that has the maximum 
potential of reducing air pollution in the city of 
Bangalore. While constructing bypasses, the possible 
ribbon development around the bypasses needs to 
be kept in mind. IRC (1976) has suggested minimum 
spacing that needs to be ensured along various 
categories of roads (i) Expressways: 1,000 metres, (ii) 
Arterial Highways/Streets: 500 metres, (iii) Sub-arterial 
Streets: 300 metres, (iv) Collector Streets: 150 metres 
(v) Local Streets: Free access. These distances need 
to be ensured not only for safety reasons but also for 
reducing exposure to the populations that may come 
there in future. This calls for strict enforcement of 
these laws, even if it requires extra land to be procured. 

Moreover, the bypasses need to be designed keeping 
in view the dominant wind direction, so that emissions 
are not blown towards the city. Bypasses can be built 
on Public–Private Partnership model and higher fees 
should be charged from older vehicles.   

Road to rail freight movements
 � There is sharp increase in energy demand from the 

heavy duty vehicle (HDV) sector in India, mainly because 
of the increased transport demand and continuous 
erosion in the share of railways in freight movement 
and increase in share of less fuel efficient road transport 
(Figure 7). 

 � Share of railways in freight transport needs to be 
improved considerably. This calls for policies and 
changes in tariff structures to divert freight movement 
from road to rail. This calls for improved infrastructural 
facilities. Railways may also take initiatives to provide 
door-to-door services in collaboration with local 
transporters. 

 � Alternatively, the railway lines passing through cities can 
be used to transport loaded trucks across the city. This 
is used by Konkan Railways and the Ro-Ro (Roll-on/roll-
off) was implemented to reduce travel time of trucks 
passing through Konkan route, with added benefits of 
reduced pollution and accidents.

Electric mobility   
 � Electric-powered vehicles have no tail pipe emissions, 

which make them a suitable for reducing pollution levels 
in cities. India adopted the National Electric Mobility 
Mission Plan (NEMMP) that aims to promote electric 
mobility in the country. To counter the high cost of 

BTKM: Billion tonnes per kilometre

Figure 7: Share of different modes in freight movement in India during 1950–2008.
Source: RITES (2014), PC, MoR (2012)
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electric vehicles, faster adoption and manufacturing of 
(hybrid and) electric vehicles scheme has been launched 
under NEMMP with plans to incentivize buyers for 
purchasing these hybrid and electric vehicles. In parallel, 
there is a need to develop infrastructure (charging 
stations) to facilitate use of electric vehicles. A positive 
leap into electric mobility was seen with the advent of 
electric rickshaws (e-ricks) in various Indian cities. But 
their operations were banned due to non-compliance 
with Motor Vehicles Act in respect of safety. Though 
the ban was lifted with conditions to get e-rickshaws 
standardized and registered, the operators are found 
reluctant to get registrations due to the high cost. The 
authorities need to look into this issue and implement 
policies that can encourage these non-polluting modes 
of informal transport. The goods carriage models of 
these vehicles can also be used in small cities eliminating 
the need for fossil fuel-powered vehicles. Public 
transport systems should also be planned on hybrid/
electric modes. 

Environment taxes/fees    
 � Higher registration taxes/fees can be used by the 

government to promote low carbon, fuel-efficient 
vehicles and penalize inefficient and polluting vehicles. 
Countries such as the Netherlands, Latvia, Portugal, 
etc. imposed taxes at the time of registration or during 
renewal of registration, which takes into account 
age of the vehicles and emissions.4 The Netherlands 
imposes registration tax based on purchase price and 
CO2 emissions. Low emission vehicles are exempted. 
Latvia takes into account only the vehicle-specific CO2 
emissions to calculate motor tax. 

Industries 
 � Vigilance and enforcement: While there are 

standards in place for some pollutants for most of the 
industrial categories, there is an urgent need to enforce 
these standards effectively. Inspection and monitoring of 
industries need to be randomized to reduce the scope 
for collusion of the inspected teams with the inspected 
units. CPCB has tried out such a random monitoring 
system, which resulted in increased reporting of 
violations; the system can be further improved. Third 
party auditing of industries needs to be strengthened 
by involving the institutes of highest reputation and 
capacity for audits and recommending measures for 
improvement. Continuous monitoring and online 

4 http://www.unep.org/transport/gfei/autotool/approaches/economic_
instruments/varied_registration_fees.asp

reporting can be initiated for major industries for 
immediate actions on any violations. 

 � Cleaner gaseous fuels: Cleaner (gaseous/liquid) 
fuels, wherever possible, should be supplied at least 
in and around highly polluted cities. Incentives based 
programmes need to be developed to switch towards 
cleaner fuels. 

 � Emission trading schemes (ETS): Emission trading 
schemes can be developed and enforced for large 
industries for control of industrial pollution. This 
parallels carbon trading schemes wherein a cap on 
emissions is assigned for a region and allocations for 
each of the contributing large industries are made. 
The stacks are monitored on continuous basis and the 
performers beyond compliance are able to trade the 
emission credits earned in the process to units that find 
it difficult to comply on their own. The programme is 
being tried out in India in three states—Gujarat, Tamil 
Nadu, Maharashtra—under the pilot ETS programme 
launched by the Ministry of Environment, Forests and 
Climate Change. The state pollution control boards 
(SPCBs) are to determine the caps for industries based 
on desired pollutant concentrations and emission 
permits can then be allocated to capped industries, 
which can either comply with their caps or buy credits 
from the market sold by the better performers. The 
programme may prove to be cost effective and also spur 
innovation. Similar programmes have been introduced 
as past and present cap-and-trade mechanisms of 
SO2 trading in the USA,  offsets trading programme 
for suspended particulates in Chile, and EU ETS for 
GHGs. The most important aspect of the programme 
is installation and maintenance of continuous emission 
monitoring systems, which are to be installed at the 
stacks. 

 � New and improved standards: There are stack 
emission standards in place for PM; however, they 
do not exist for many other pollutants, which are 
measured under the National Ambient Air Quality 
programme. Even the PM emission standards for many 
small-scale industries seem to be quite relaxed and are 
to be relooked. While on one hand there is a need to 
revise the PM standards for PM10 and PM2.5, there 
is also a need for development of standards for other 
pollutants such as NOx and SO2. 

 � Technological improvements: With very little 
awareness on energy efficiency, a majority of micro,  
small and medium enterprises (MSMEs) depend on 
conventional technologies and practices leading to 
high inefficiencies. Without infusion of appropriate 
technologies, survival in global market place will 
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become a critical issue for the vast majority of MSMEs 
in India. The Prime Minister’s Task Force on MSMEs has 
identified inefficient technologies used by the MSME 
sector as a major cause for poor competitiveness 
of the sector. A number of sub-sectors in MSMEs 
are highly energy intensive, such as ceramics and 
refractories, glass, brick, foundry, forging, secondary 
aluminium, brass, chemicals, food processing, and 
textile industries. Several studies indicate that adoption 
of energy-efficient technologies and practices in 
production process can lead to energy savings of 15–
20 per cent, which can result in substantial reduction 
in emissions also. For some sub-sectors, the best 
technological solutions in terms of energy efficiency 
are available globally and would require customization 
of the technologies to suit local conditions (e.g., 
tunnel kilns brick manufacturing technology). On 
the other hand, there are other sub-sectors that are 
unique and have adopted locally developed solutions 
(e.g., melting of glass, brass products, etc.). There is 
need for development/acclimatization of appropriate 
technologies for various manufacturing processes 
that will lead to cleaner production and substantial 
reduction in cost of manufacturing by enhancing 
labour productivity, reducing material wastage, and 
minimizing energy consumption. A multi-tier support 
system may be required for inducing technology-based 
competitiveness of the sector with the collaboration 
of government, industry clusters, industry associations, 
and private R&D institutions. The technological options 
and energy saving potential in brick sector is exemplified 
in Table 1.

• Development of energy efficient technological 
solutions for MSMEs is not commercially attractive 
for large engineering firms and consultancies in the 
private sector in India due to high costs and risk 
factors. Therefore, to have an impact in the MSME 
sector and to improve its energy efficiency, there 
is a need to focus on Research, Development, 
Demonstration and Dissemination (RDD&D) of 
cost-effective technologies in the energy-intensive 
sectors/clusters. These technologies should be 
promoted with the active involvement of the local 
industry association(s) to enhance the credibility 
and impact of the intervention. Financial assistance 
to adopt new technology can be provided by 
bilaterals/multilaterals /government. 

• Benchmarks for specific energy consumption (SEC) 
and total energy consumption at the unit, cluster 
and sub-sector level can be established based 

on data collected through local institutions like 
cluster level industry associations, State Designated 
Agencies etc.  Cluster-level energy services for 
MSMEs should be strengthened by appointing 
the cluster-specific Energy Managers for MSMEs. 
There is need for a single national policy for EE in 
the MSME sector. At present, different ministries/
government departments have different policies for 
promoting EETs, resulting in confusion on the part of 
entrepreneurs and other stakeholders. Also, there 
is a need to develop specific ‘Vision Documents’ for 
each major MSME sub-sector (such as brick) with 
regard to technologies, fuels and products.  This will 
ensure that the achievements of EE interventions 
are not lost because of sudden changes in policies 
or regulations. For capacity building of MSMEs, 
skills training centers such as Industrial Training 
Institutes (ITIs) should be linked to local MSME 
clusters. Further, the credit rating of MSME units 
should be linked to their energy efficiency. MSMEs 
with higher credit rating can obtain loans at lower 
interest rates. To implement this, bankers should 
also be trained on relevant aspects of EE finance. To 
achieve large-scale financing and adoption of EETs, 
aggregation of demand should be undertaken to 
create ‘many takers for one technology’.  Another 
way to promote adoption of EE technologies is the 
creation of a promotional ‘energy efficiency fund’, 
through which loans could be provided to MSMEs 
at minimal interest. Further, knowledge platforms 
(like SAMEEEKSHA) and the industry–academia 
interface to spread awareness and information on 
EE technologies, manuals on Standard Operating 
Procedures (SOP), and success stories can be 
strengthened and made available in regional 
languages. 

Power      
 � Power sector faces numerous challenges in terms of 

increasing power availability, access, quality of supply, 
etc., in meeting rapidly growing demand. Installed 
capacity is 284.30 GW (2015) comprising 198.48 
GW of thermal (coal, gas, and diesel) power, 42.62 
GW of hydropower, 5.78 GW of nuclear power, and 
37.42 GW of renewable sources (CEA 2015a), clearly 
dominated by coal-based capacity. Demand for power 
has been growing in terms of both—energy and peak 
demand—resulting in shortages. The energy shortage 
in the country was recorded at 2.1 per cent while peak 
deficit was recorded at 2.6 per cent during 2015/16 
(CEA 2015c). Power sector is the largest user of coal 
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with an estimated consumption of 512 MT in 2012/13 
(TERI 2015a), which produces fly ash; a contributor 
to air pollution in India. Indian coal has very high ash 
content (30–50 per cent). The thermal-based capacity 
would continue to dominate and grow to 512 GW by 
2031/32 (TERI 2015b) thus posing a threat of rising 
levels of pollution. Another challenge is the use of DG 
sets by various sectors such as industries, infrastructure, 
housing, IT, and telecom, when faced with power 
shortages. The estimated DG sets capacity in 2014 was 
60–90 GW. These are important sources of emissions, 
and studies (CPCB 2011) report their significant 
contributions in air pollution levels in the cities.  

 � Improving power supply: With demand for power 
set to rise, and thus the eventual multiplication of our 
generation capacity, it is imperative that efforts are 
made to make the generation of power sufficient, 
cleaner, and sustainable. Provision of sufficient supplies 
of power will certainly ensure lower usage of DG sets. 
There is a need to supply 24×7 supplies in the regions 
of bad air quality. 

 � Tackling emissions from coal-based power 
generation: Coal beneficiation should be enhanced 
and promoted for reduction of ash content. Strict 
monitoring and maintenance of electrostatic 

precipitators (ESPs) should be ensured for tail pipe 
controls. Introduction of control technologies (such as 
wet flue gas desulphurization (FGDs) units) should be 
made mandatory in all the plants for control of SO2 as 
FGD not only helps in reducing SO2 to a large extent 
but also significantly reduces toxic heavy metals such as 
Hg, which are not usually trapped by ESPs and affect 
the efficiency of boilers.  Stringent emission standards 
should be set to control NOx emissions from both coal- 
and gas-based power plants. 

 � I&M and retrofitment: I&M of pollution control 
equipments installed at power stations should 
be enhanced for efficient control of emissions. 
Ash generated in power plants has high electrical 
resistivity, which hinders the performance of an ESP. 
Several methods can be used to improve efficiencies 
of ESPs installed in old power plants, which includes 
(a) enhancement of collection area of ESPs; (b) pulse 
and intermittent charging of ESP units; (c) flue gas 
conditioning by water fogging, ammonia conditioning, 
(d) dual conditioning with NH3 and SO3 and; (e) coal 
ash conditioning with sodium salt. This is to be noted 
that different methods for efficiency improvement have 
their own limitations and should be decided based on 
plant characteristics. 

Table 1: Technology options and energy saving potential in brick sector

Existing 
Practice

Option for Improvement Assumption Estimated 
Investment per Kiln 
(INR in Million)

Average Energy 
Saving Potential 
(mtoe*)

Other Benefits

BTK technology • Better  operating practices 
(BOP)

• Improved kiln construction 
practices 

• 10–15 per cent fuel saving
• 50 per cent BTKs adopt 

BOP

0.08–0.1 1.32 • Reduced fuel consumption
• Increased production of better 

quality bricks

Adoption of Zig-Zag technology • 20–30 per cent fuel saving
• 30 per cent  BTKs adopt 

Zig-Zag technology

2–4 1.32 • Reduced fuel consumption
• Increased production of better 

quality bricks

Production of 
solid bricks

Switch over to hollow blocks/
perforated bricks

• 15–25 per cent fuel saving
• 30 per cent BTKs produce 

resource efficient products

17–23 0.92 • Resource saving
• Better thermal insulation in 

buildings
• Reduction in dead load of 

building 
• Uniform size and shape of 

product

Clamp kiln 
technology

Adoption of improved clamp kiln 
design

• 35–45 per cent fuel saving
• 30 per cent clamp  adopt 
improved design

0.9–1.1 1.30 • Reduced fuel consumption
• Improved brick quality
• Increased production of better 

quality bricksAdoption of BTK 45–55 per cent fuel saving
10 per cent Clamps adopt BTK

3.5–5.0 0.54

*million tonnes of oil equivalent



 � Diesel generators: Manufacturing improvements 
through standards, and inspection and maintenance of 
DG sets can not only ensure that they do not emit more 
than designed limits over time but also that they function 
efficiently. DG sets should be inspected and maintained 
on a regular basis. New standards for generator sets 
have been recently notified; however adherence to 
these standards in real-world conditions needs to be 
ensured. This calls for a study of already installed DG 
sets and accordingly plans for maintenance can be 
drawn up.  This will also be a cross check for real-world 
performance of DG sets vis-à-vis the lab scale testing 
for emission approvals during manufacturing process. 
Once the BS-IV quality (<50 ppm sulphur) would be 
available in India in 2017, DG sets can possibly be fitted 
with diesel particulate filters (DPFs), whose efficiency 
will further go up with introduction of BS-V (10 ppm 
sulphur fuel) in 2019. Technical and financial feasibility 
studies for this needs to be initiated.   

Agriculture
Urban areas in India are surrounded by rural regions 
dominated by agricultural activities. Activities in these 
agricultural areas generate dust, which is carried to urban 
areas with the winds and further aggravates the problem of 
air pollution. Emissions are generated in activities like tilling 
and agricultural residue burning. Crop harvesting is usually 
done with help of ‘combined harvesters’ (mechanical 
harvesters) and a lot of crop residue is not harvested 
with the application of these machines and the remaining 
crop residues are being burnt in many places. Agricultural 
burning in fields of Punjab has reportedly been responsible 
for increase of PM concentrations in urban areas (Singh et 
al. 2010). In India, the total contribution of crop residue 
burning to PM10 and PM2.5 emissions were around 800 kt 
and 300 kt, respectively (Sharma and Kumar 2016). 

Table 2: Cross-sectoral fiscal measures for reducing emissions

Sector Incentive Disincentive 

Transport Concessional passes for using public transport 
Tax exemptions for fleet modernization 
Higher subsidies on electric vehicles  

Higher taxes for private vehicles 
Congestion charges for old vehicles 
Higher I&M fees for older vehicles 
Attractive tariff structure for rail-based freight movement 

Industries Tax exemptions and support for process improvements  and tail pipe 
controls 
Incentives for performance beyond compliance 
Green awards and recognition to the front runners 

Heavy penalties on default on random checking 

Residential Higher subsidies for improved cookstoves and solar lanterns 

Waste burning Support for waste to energy conversion Heavy penalties on open burning 

There is a need to enforcing a full ban on burning 
of these residues. There is a need for development and 
adoption of a business model for collection, transport, 
and management of waste. A sustainable model for 
collection and transport of these residues needs to be 
developed for generation of energy and material recovery 
through biomass-based conversion technologies. Other 
agricultural activities, such as tilling, movement of vehicles 
on soil, application of pesticides, etc., also generate 
dust, which gets air borne and is carried to urban areas  
with winds.

The following set of policy recommendations is proposed 
to increase the demand of crop residues use in industries 
would help to curb the open burning of these materials:

 �  There is need to set up State/National level 
procurement agency for argo- residues procurement 
from the farmers. In particularly, to involve village 
level institutions and local entrepreneurs  in collection, 
storage and supply of biomass materials and to link with  
MNREGA and PMEGP- Prime Minister’s Employment 
Generation Program and setting up biomass depots 
facilities to address wild fluctuation of biomass material 
prices during season and off-season period.

 �  Policy provision for financial incentives and other 
schemes to encourage briquettes/pellet industries 
in States and regulation to make mandatory use of 
biomass briquettes in boilers/furnaces/ brick kilns up 
to 30% in various industries in these States to create 
demand of such fuels.

 �  Generation of electricity is one of the attractive 
options to utilize farm waste. There is need to make  
mandatory use of agro-residues as blend fuel in the 
existing thermal power plants operating in these States.  
Dedicated policies to encourage crop residues based 
power generation in these States and private sector to 
create demand of such fuels. 
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 �  Credit institutions, such as agricultural development 
banks, which are not familiar with biomass briquettes/
pellet production and related opportunities, could 
be made aware through the awareness and capacity 
building program.

 � There are number of thermo-chemical and bio-
chemical technologies which are developed at R&D  
and academic  institutes and these technologies need 
to be demonstrated in field and to be scale up through 
viable business models.  

 �  Focus R&D on development of advanced process/
technologies for valorization of crop residues into 
energy and material applications. 

Scientific studies based on monitoring and 
modelling  

 � Monitoring requirements: The air quality monitoring 
network in India is not sufficient as there are about 600 
monitoring stations under the National Ambient Air 
Quality monitoring programme of the CPCB for the 
whole country. Bureau of Indian standards (BIS) has 
listed the criteria for minimum number of stations in 
a city. Based on this, 3,300 monitoring stations in 605 
Indian cities (having more than 50 thousand residents), 
will be required. The monitoring network needs to 
be improved gradually not only in terms of number of 
stations but also for quality of monitoring. Presently, air 
quality monitoring is carried out in cities only, which 
should be extended to rural and regional scales. This 
is essential for pollutants such as ozone, which are 
generally found to be higher in regions outside cities. 
The present network monitors PM10, SO2, and NOx 
regularly across all stations and does not cover all the 
pollutants listed in the National Ambient Air Quality 
Standards. Corporate funding can be sought under 
the CSR activities to extend monitoring networks with 
enhanced monitoring capability. 

 � Source apportionment studies: While source 
apportionment studies have been carried out in 6 
cities, already there are 53 cities with a population 
of over a million where air quality is deteriorating. In 
the absence of regular source apportionment studies, 
despite several measures taken in past, the air quality 
in Delhi has deteriorated in the past 5–10 years. Source 
apportionment studies are the way to understand 
changing source contributions and accordingly changing 
the air quality management plans as per the growth 
patterns in the city. Hence, it is recommended to 
carry out source apportionment studies in all million 
plus population cities regularly, at least once every five 
years. Corpo0rate funding can be sought under the 

CSR activities for this purpose. Under the supervision 
of MoEFCC and CPCB, source apportionment studies 
should be conducted by specifically identified research 
institutions in the country. 

 � Emissions, simulation, and forecasting: Other than 
monitoring of pollutants, modelling capabilities need 
to be built for understanding of current and future air 
quality. There is presently no database of emissions at 
the national/regional scales. These inventories need 
to be developed and maintained. TERI has developed 
national scale inventories for India for current and 
future years based on energy and emission models 
(Sharma and Kumar 2016). These inventories can be 
further refined for development of national database of 
emissions for India. While there has been a number of 
urban scale air quality modeling studies in India, studies 
on simulation of air quality at the regional/national scale 
are limited. TERI has simulated air quality at the national 
scale using state of the art models to predict PM2.5 and 
ozone concentrations in India (Figure 8), which shows 
increase in pollutant concentrations that may happen 
in future following a business as usual trajectory. It also 
shows the regions under severe pollution levels and the 
contributing factors. Accordingly, action plans may be 
drafted for air quality control at regional scale. 

 � The air quality management plan (AQMP) at city level 
should be drafted by research institutes identified to 
carry the source apportionment studies by MoEFCC 
and CPCB in consultation with SPCBs. For strategies 
required to be implemented at central level, the 
steering committee headed by the honorable Prime 
Minister of India, with highest level representation from 
states, and the key city governments should be formed.. 
For implementation of strategies at state or city level, 
department of environment (DoE) in assistance with 
SPCBs should be the nodal agency. In the supervision of 
DoE, high power committee (HPC) with participation 
from different state level departments dealing with 
sectors contributing to air pollution in the city should 
be formed. The HPC, should direct and monitor the 
implementation of the intervention listed in AQMP 
in a mission mode. The SPCBs should assess the 
effect of implementation of the strategies and incase, 
proposed improvements in air quality haven’t been 
met, and then suggest the reformulation of AQMP. The 
DoE, should seek the financial assistance from state 
governments for implementation of strategies listed in 
AQMP. Institutional strengthening of SPCBs is a must 
to ensure successful and effective implementation of 
strategies listed in AQMP. This will call for higher budget 
allocations, recruitments of scientific professional, and 
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trainings on air quality monitoring, and modelling tools. 
Institutional tie-ups can be made for regular trainings of 
the board officials.

Interventions taken in past and their impacts: Delhi 
as a case study 

 � Air quality in the city of Delhi has attracted international 
attention as the PM10 concentrations have remained 
consistently above the standards in the last two 
decades (Figure 9a). Air quality in the city was critically 
bad during late 1990s when a number of measures 
were taken for improvement. Since then, with growth 
in economic activities (leading to demands for mobility, 
energy, and products), some interventions for emission 
control have also been taken. During 2002–07, 
emission control measures, such as introduction of 
newer vehicle emissions and fuel quality norms, cleaner 
fuels, banning of older vehicles, shifting of industries, 
did not allow the growing economic activities to further 
deteriorate air quality. However, rapid rise in demands 

for energy within the city and in the surrounding towns 
have pushed PM concentrations in Delhi well above the 
levels of 1990s (Figure 9a). It has been gradually realized 
that the problem which was restricted to Delhi city has 
now become a larger problem of the whole National 
Capital Region (NCR). TERI simulations show that it is 
not just Delhi that is heavily polluted but that air quality 
has deteriorated in the larger NCR. The sheer growth 
of NCR in the last 10 years has negated the effects 
of interventions taken in Delhi for air quality control. 
Evidently, the proactive measures for air quality control 
have not been taken to account for future growth. 
While, there was a dip observed in PM concentrations 
in Delhi, there was no decrease observed in NOx 
concentrations, pointing to the fact that NOx controls 
have not been enforced with required intensity (Figure 
9b).   

 � Other than in-house vehicular sources in Delhi, the city 
is also impacted by surrounding towns of NCR, several 
of which grew at a faster rate. Industries were moved 

Figure 8: Simulated Ozone concentrations in India in 2010 and 2030

Figure 9: (a) PM10 and (b) NOx concentrations in Delhi and interventions taken for its control vis-à-vis vehicular growth 
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out of Delhi, but they still run in NCR and efficiencies 
of existing control equipments are not regularly 
monitored and are questionable. There are coal-based 
power plants; one of which is on the border of the city 
of Delhi, which also contributes to emissions. In all of 
the surrounding towns, there are residential apartments 
and shopping malls, which use diesel generator sets as a 
standby source of power. Additionally, lower collection 
efficiencies of waste has led to frequent refuse burning  
in the NCR, which also contributes to deterioration 
of air quality. Finally, even the rural areas of NCR 
also contribute to the problem in three ways. There 
are more than 2,000 brick kilns in these areas which 
contribute to PM emissions. Secondly, agricultural 
residues in the rural regions in and beyond NCR are 
burnt and add to the pool of atmospheric pollutants 
in NCR. Thirdly, many households in rural areas and 
slums use biomass for cooking that not only pollute 
indoor environments, but also add to air pollution. 
Conclusively, NCR requires regular assessments 
through source apportionment studies for proactive 
planning and control of air pollution. 

 � There are some success stories also, which explain the 
reduction in some of the air pollutant concentrations 
in the capital city. Figure 10a shows decrease of annual 
average CO concentrations at a traffic-intersection 
monitoring location (ITO) in Delhi. CO is primarily 
released from petrol driven vehicles and have seen 
a gradual decrease with the introduction of catalytic 
converters, a shift of engine technology from two-
stroke to four-strokes two-wheelers, introduction of 
vehicular emissions and fuel quality norms, and banning 
of older vehicles. SO2 levels have also shown a gradual 
decline with reduction in sulphur content in transport 
fuels (Figure 10b).

Conclusions
 � There are common driving forces, although with 

differences in shares, in deteriorating air quality in 

various cities of India. Every city needs to adopt 
strategies discussed in this brief based on their priorities 
and findings of source apportionment studies. A step-
wise approach to derive air quality management  in 
cities is presented below:

 � Monitoring of air pollutants 
 � Preparation of source-wise air pollutant emission 

inventories
 � Source apportionment studies
 � Future air quality projections using dispersion models
 � Assessment of potential of different strategies for 

control of pollution
 � Cost benefit analysis for short, medium, and longer 

timeframes  
 � Preparation of air quality management plans for short, 

medium, and longer timeframes  
 � Implementation of selected strategies 
 � Assessments of impact of strategies through monitoring 

and repeat previous steps till air quality standards are 
achieved. 

 � Other than local air quality management plans, there 
are interventions that are relevant at the national scale 
and are proven worldwide to provide significant air 
quality benefits. These measures should be adopted 
for long-term air quality control in India. 

Clean Air Mission (CAM) India 
On the lines of the Clean India (Swachch Bharat) mission, 
Government of India should launch a Clean Air Mission 
to clean the air in India. Clean Air Mission (CAM) at 
the National scale to draft and implement national level 
strategies for reduction in air pollution levels at both regional 
and urban scales.   The objective of the mission should be 
to meet the prescribed annual average ambient air 
quality standards at all locations in the country in 
a stipulated timeframe.  This Clean Air Mission [CAM-
INDIA] should mandate to implement government policies 
for air pollution mitigation across several ministries dealing 

Figure 10: (a) CO and (b) SO2 concentrations in Delhi during 1995–2012
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with transport, power, construction, agriculture, rural 
development, and environment, as well as across city 
and state jurisdictions. The targets for the CAM-INDIA 
are the pollutants defined in the National ambient air 
quality standards and primarily the particles referred to as 
PM2.5 to PM10 and Ozone. Control of PM and ozone will 
ensure virtual control over other pollutants, which act as 
precursors for their formations through secondary pollutant 
formulations. Because of long range transport capabilities 
of these pollutants, it is essential to have national policies 
for reducing background concentration of pollutants in the 
country, which will eventually lead to reduction in city level 
concentrations also. 

Proposed CAM India framework 
The broad institutional framework for introduction of CAM 
India is shown below in Figure 11. The key components of 
CAM India are proposed to be 

 � Air quality monitoring and assessment of sources 

• Monitoring, emission inventories and regional 
source apportionment

 � Targeted air quality management 

• Sectoral strategies for control 
 � Multi-scale and Cross-Sectoral Coordination

• Coordination between Central Ministries, State 
departments and city governments  

 � Capacity building

• Institutional strengthening of CPCB and SPCBs
 � Public awareness and participation

Targeted air quality management 
CAM India should  focus on reducing ambient air pollution 
levels in a stipulated time frame. The mission should focus 

on reducing overall background levels in the country by 
strategies prescribed at the PAN-India scale. However, 
due to presence of air quality monitoring stations in urban 
locations only, the concentrations measured there will be 
used to assess the reductions made in pollutant levels in 
India. Presently, a significant number of cities violate the 
prescribed standards, mainly for PM10. In absence of 
PM2.5 and ozone data in all the cities (which should ideally 
be the pollutants to be considered), PM10 data should be 
used for setting up interim milestones and final targets for 
air quality improvement in the country. Table 3 shows the 
baseline exceedence levels of PM10 in 2015 in 238 cities 
monitored under the NAMP program of CPCB, under 
different exceedence categories. The annual average 
concentration of PM10  are  >3 times higher than the 
standard in  5% cities, 2-3 times higher in 18% cities, 1-2 
times higher in 53% cities and 24% cities show no violation 
of the standards. CAM India program should focus on 
achieving a final target of meeting the national ambient air 
quality standard by 2030. However, to keep the progress 
on track, two interim milestones are also suggested. 
Interim-I milestone depicts about 20% improvement over 
the baseline scenario by the year 2020, while Interim-II 
milestone suggests 50% improvement over the baseline 
by the year 2025. 
   The sector specific strategies and their targeted timelines 
are suggested in Table 4. Other than the strategies discussed 
in Table 4, there are several actions whose impact will not 
be directly quantifiable, e.g., improved landuse planning, 
improving green cover etc. Strategies for energy demand 
reduction and improvement in energy efficiency are also 
important and can play an important role in reducing 

Figure 11 : Broad framework for introduction of CAM India
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Table 3 Baseline and targets for ambient air quality under the CAM India 

Baseline Interim milestone –I (2020) Interim milestone –II  (2025) Final Target (2030)

Number of monitoring stations 
* (238 cities)

400 500 All districts head quarters 

Annual average concentrations  
Baseline (2015) in 238 cities

% cities violating 
PM10 standard
>3 times : 5%
2-3 times: 18%
1-2 times: 53%
Not violating: 24%

20% improvement

% cities violating 
PM10 standard
>3 times : 4%
2-3 times: 15%
1-2 times: 45%
Not violating: 36%

50% improvement 

% cities violating 
PM10 standard
>3 times : 2%
2-3 times: 10%
1-2 times: 32%
Not violating: 56%

100% achievement of NAQQS

% cities violating 
PM10 standard
>3 times : 0%
2-3 times: 0%
1-2 times: 0%
Not violating: 100%

Rationale Immediate actions to be taken 
on refuse burning, road dust 
management,  construction 
activities

Control over Agricultural burning (with 
substitutive options), Fleet modernization, I&M 
improvements, Public transport, Introduction and  
enforcement of stringent standards for industries 
, 24x7 power supply in urban centres. 

By then there will significant influx of the BS-IV, 
and VI vehicles, which should bring down the 
share of vehicular sector substantially. 
LPG is expected to reach to more rural-households 
in India, which presently use biomass.

* number of monitoring stations in each city should be as per BIS and CPCB guidelines  

Table 4 Sector Specific Strategies and Their Monitorable Targets 
Sectors Strategies  Baseline Interim Target –I 

(2020)
Interim Target –II  
(2025)

Final Target 
(2030)

Responsible 
agencies** 

Residential Enhanced penetration of LPG Urban-68%
Rural- 15%

Urban-75%
Rural- 25%

Urban-85%
Rural- 50%

Urban-95%
Rural- 95%

MoPNG

Induction cook-stoves Negligible 3% 7% 10% MoPNG
Agriculture Immediate ban  on burning agri. 

residues +
Converting Agri. residues to energy 
and other useful uses

Not fully effective

Negligible

100% Ban

25%

100% Ban

50%

100% Ban

100%

CPCB

MNRE

Transport Shifting freight transport from road 
to rail  

36% 38% 42% 45% MoR

Introduce BS-VI vehicle emissions 
and fuel quality norms in India

BS-IV norms 
introduced in 2017

100% 100% 100% MoPNG, MoRTH

Fleet modernization 
-Setting up scrappage centres and 
supportive policies

0 50 districts with 
highest vehicular 
numbers 

200 districts with 
highest vehicular 
numbers

All districts MoRTH

Reducing fugitive VOC emissions at 
petrol pumps

Limited number of 
fuel pumps

50% 100% 100% MoPNG

Advanced inspection and 
maintenance (I&M) centres

10 50 districts with 
highest vehicular 
numbers

200 districts with 
highest vehicular 
numbers

All districts MoRTH

Effective public transport system
METRO 

BRTS

City Bus service

Cities 

12

11

23

All (2 million plus 
cities)

All (1 million plus 
cities)

40 buses per lakh 
population

MoUD

Electric vehicles (passenger 
vehicles)

~5% 50% MoRTH
MNRE
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Table 4: Contd...
Sectors Strategies  Baseline Interim Target –I 

(2020)
Interim Target –II  
(2025)

Final Target 
(2030)

Responsible 
agencies** 

Industries Develop new stringent standards 
for industries with prescribed 
controls 

Standards exist except 
few 

New standards for SO2, 
NOx, PM10/PM2.5 

CPCB

Enforce existing standards by 
enhancing the scope of continuous  
stack monitoring  and employ 
emission trading schemes

~1000-2000 stacks 5000 10000 All large and 
medium scale 
industries

CPCB

Use of non-fossil fuels (e.g biomass 
briquettes/pellets)

Negligible 2% 5% 10% MoP
MSME

Cleaner production technologies  
(e.g. Zig zag for bricks)

Negligible 10000 50000 All kilns CPCB

Waste Immediate ban  on refuse  burning

Landfill and STP (from sewage and 
sludge) methane recovery 

Ineffective

Negligible

100% Ban (public 
participative vigilance)

20%

100% Ban

50%

100% Ban

100%

CPCB

MoUD 

Dust Paving of roads 

Road dust reduction (landscaping 
shoulders,  cleaning, maintenance, 
wall-to-wall paving)

Issuing construction dust 
management guidelines in 7935 
towns *

Increased flyash utilization 
and reducing ash pond fugitive 
emissions 

Paved 61%

Assess baseline silt 
loads in Indian cities 

Negligible

55% 

70%

Reduce by 40%

1000 towns

100%

80%

Reduce by 60%

4000 towns

100%

100%

Reduce by 80%

All towns 

100%

State PWDs

MoRTH City 
governments 

MoHUPA

MoP 

* Municipalities need to issue and monitor the compliance of construction dust management guidelines for any construction activities in the towns. Public participative vigilance 
to be used for monitoring. 
** Central agencies should be responsible for action with support from state and city governments. 
+ Sustainable business models need to be developed to support collection , storage and processing of agriculture waste for use as bioenergy or other products.

emissions from various sectors. Other than these broad 
strategies under the CAM India,  city specific action plans 
will be required to reduce spikes of pollution levels above 
the background concentrations in these cities. CAM India 
should also be in sync with the INDCs, NAPCC, and other 
important missions and policies in place. Investments 
for mitigation actions should be sought through subsidy 
reallocations, marginal increase in fuel prices, and corporate 
social responsibility (CSR) activities.

Multi-scale and Cross-Sectoral Coordination
Considering the enormity of the air pollution problem and its 
trans-boundary nature, the national scale ’Clean Air Mission’ 
should focus on multi-scale and cross-sectoral coordination 
to develop and implement national scale strategies for air 
quality improvement with annual targets. CAM-INDIA 
should look for ways to integrate efforts across different 
Indian Ministries, state department and city government 

listed before to take targeted actions recommended by the 
national scale air quality management plans. 

The steering committee of the CAM India plan should 
be headed by the honorable Prime Minister of India, with 
highest level representation from states, and the key 
city governments. The steering committee should guide 
the technical committee which should be chaired by the 
Secretary, MoEFCC, with respective representation from 
states, and the key city governments, and also from the key 
experts from non-governmental and academic organizations.       

Capacity building
Institutional strengthening of CPCB and SPCBs is a must to 
ensure successful and effective implementation of strategies 
discussed above. This will call for higher budget allocations, 
recruitments of scientific professional, and trainings on air 
quality monitoring, and modelling tools. Institutional tie-
ups can be made for regular trainings of the board officials. 
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Public awareness and participation
Public awareness needs to be enhanced through display of 
air quality indices and spatial air quality maps using print and 
electronic media. Public participation begins with informed 
citizens with raised awareness levels who can motivate the 
government for vigorous implementation or adoption of 
mitigation strategies. Public awareness is also a key aspect 
of participative vigilance over emitting sources. Along with 
the regulatory sticks, enhanced awareness levels will build 
additional pressure on the sources to limit their emissions.  

The Clean Air Mission should also envisage public 
participation, sensitization and capacity building initiatives 
with academic institutions and local communities. The main 
objectives will be to educate and empower young minds 
on aspects related to air pollutants, sources, emission 
factors, indoor air quality, reduction and control measures, 
etc. in relation to the existing social structure, cultural 
norms, economic realities and global trends of the present 
times, thus creating a multiplier effect within the peers 
and families. Effective pedagogy, incorporating an array of 
teaching strategies will be adopted to trigger behavioral 
change, thus paving way for vigorous implementation and 
adoption of mitigation strategies.

References 

APTD-0937, 1973. A guide for reducing air pollution through urban 
planning, US Environmental Protection Agency, North Carolina.

Behera D, Aggarwal G. Domestic cooking fuel exposure and 
tuberculosis in Indian women. Indian J Chest Dis Allied Sci. 2010 
Sep;52(3):139–43. 

Behera D, Jindal SK, Malhotra HS. Ventilatory function in 
nonsmoking rural Indian women using different cooking fuels.
Respiration. 1994;61(2):89–92. 

Burney, J., and V. Ramanathan. 2014. Recent climate and air pollution 
impacts on Indian agriculture. Proceedings of the National 
Academy of Sciences 111:16319–24.

C Sita Lakshmi, Sumit Sharma, S Sundar (The Energy and Resources 
Institute, New Delhi) and B Bhanot, 2015, Establishing a National 
In-use Vehicle Testing Programme in India, The Energy and 
Resources Institute, New Delhi 

CEA. (2015a, December 31). Monthly installed capacity. Retrieved 
January 22, 2016, from Central Electricity Authority: http://
www.cea.nic.in/reports/monthly/installedcapacity/2015/
installed_capacity-12.pdf

CEA. (2015b, December 31). Monthly generation report. Retrieved 
January 22, 2016, from Central Electricity Authority: http://cea.
nic.in/reports/monthly/generation/2015/December/tentative/
opm_03.pdf

CEA. (2015c). Load Generation Balance Report. New Delhi: 
Central Electricity Authority, Ministry of Power.

Chandra A., Some Investigations on Fly Ash Resistivity Generated 
in Indian Power Plants ,  Enhancement of Collection Efficiencies 
of Electrostatic Precipitators: Indian Experiments, Chapter 
Electrostatic Precipitation, pp 27-34

Cheng, Z., Luo, L., Wang, S., Wang, Y., Sharma, S., Shimadera, 
H., Wang, X., Bressi, M., de Miranda, R.M., Jiang, J., Zhou, W., 

Fajardo, O., Yan, N., Hao, J. 2016. “Status and characteristics 
of ambient PM2.5 pollution in global megacities”. Environ Int. , 
89-90:212-21. 

Colombo R, Forni F, Lanappe G, Lijour P, Manfredi U, Montigny F, 
and Sculati M. 2012. Will

CPCB, 2011, Air quality monitoring, emission inventory and source 
apportionment study for Indian cities- National Summary Report, 
Central Pollution Control Board, New Delhi 

CPCB, 2014, National ambient air quality status 2012, Central 
Pollution Control Board, New Delhi 

CPCB. (2011). Air quality assessment, emission inventory and 
source apportionment study for Indian cities, national summary 
report. New Delhi: Central Pollution Control Board.

CPCB. 2009. Comprehensive environmental assessment of 
industrial clusters. New Delhi: Central Pollution Control Board, 
New Delhi

Datta,  A.,  Saud,  T.,  Goel,  A.,  Tiwari,  S., ,  S.K.,  Saxena,  M., 
Mandal,  T.K.,  2010.  Variation of ambient SO2over Delhi. J. 
Atmos Chem 65, 127-143.

Emissions Measurement Systems (PEMS), Atmospheric 
Environment 62: 657-665

Eur J Epidemiol (2012) 27:781–790 DOI 10.1007/s10654-012-
9727-1, Leukemia risk in children exposed to benzene and 
PM10 from vehicular traffic: a case–control study in an Italian 
population, Marco Vinceti • Kenneth J. Rothman • Catherine 
M. Crespi • Antonella Sterni •Andrea Cherubini • Luisa Guerra 
• Giuseppe Maffeis • Enrica Ferretti •Sara Fabbi • Sergio Teggi 
• Dario Consonni • Gianfranco De Girolamo •Alessandro 
Meggiato • Giovanni Palazzi • Paolo Paolucci • Carlotta Malagoli

IARC, 2013, IARC: Outdoor air pollution a leading environmental 
cause of cancer deaths URL: https://www.iarc.fr/en/media-
centre/iarcnews/pdf/pr221_E.pdf, International Agency for 
Research on Cancer

Ingle et al. (2005) Industrial Health 43: 656 - 662.
Institute for Health Metrics and Evaluation (IHME). (2013) The 

Global Burden of Disease 2010: Generating Evidence and 
Guiding Policy, (Seattle, WA: Institute for Health Metrics and  
Evaluation). 

IRC, 1976, Guidelines For Control Of Access On Highways, Indian 
Roads Congress 

J. Lelieveld, J. S. Evans, M. Fnais, D. Giannadaki & A. Pozzer, The 
contribution of outdoor air pollution sources to premature 
mortality on a global scale, Nature, 525,367–371 (17 September 
2015)doi:10.1038/nature15371

Jindal SK, Aggarwal AN, Gupta D, Agarwal R, Kumar R, Kaur T, et al. 
Indian study on epidemiology of asthma, respiratory symptoms 
and chronic bronchitis in adults (INSEARCH). Int J Tuberc Lung 
Dis. 2012 Sep;16(9):1270–7. 

Johan Tidblad, Vladimir Kucera, Martin Ferm, Katerina Kreislova, 
Stefan Brüggerhoff, Stefan Doytchinov, Augusto Screpanti, Terje 
Grøntoft, Tim Yates, Daniel de la Fuente, Ott Roots, Tiziana 
Lombardo, Stefan Simon, Markus Faller, Lech Kwiatkowski, 
Joanna Kobus, Costas Varotsos, Chris Tzanis, Linda Krage, 
Manfred Schreiner, Michael Melcher, Ivan Grancharov, and 
Nadya Karmanova, Effects of Air Pollution on Materials and 
Cultural Heritage: ICP Materials Celebrates 25 Years of Research, 
International Journal of Corrosion, Volume 2012 (2012), Article 
ID 496321, 16 pages

Johnson P, Balakrishnan K, Ramaswamy P, Ghosh S, Sadhasivam M, 
Abirami O, et al. Prevalence of chronic obstructive pulmonary 
disease in rural women of Tamil Nadu: implications for refining 
disease burden assessments attributable to household biomass 
combustion. Glob Health Action. 2011;4:7226. 



Kolappan C, Subramani R. Association between biomass fuel and 
pulmonary tuberculosis: a nested case-control study. Thorax. 
2009 Aug;64(8):705–8. 

Kulkarni and Patil (1999) Environmental Monitoring and Assessment 
56: 129 – 146.

Lakshmi PVM, Virdi NK, Sharma A, Tripathy JP, Smith KR, Bates MN, 
et al. Household air pollution and stillbirths in India: analysis of 
the DLHS-II National Survey. Environ Res. 2013 Feb;121:17–22. 

Lakshmi PVM, Virdi NK, Thakur JS, Smith KR, Bates MN, Kumar 
R. Biomass fuel and risk of tuberculosis: a case-control study 
from Northern India. J Epidemiol Community Health. 2012 
May;66(5):457–61. 

Lawrence and Fatima(2014) Science of the Total Environment 
488–489, 447–455.

Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, 
et al. A comparative risk assessment of burden of disease and 
injury attributable to 67 risk factors and risk factor clusters in 21 
regions, 1990-2010: a systematic analysis for the Global Burden 
of Disease Study 2010. Lancet. 2012 Dec 15;380(9859):2224–
60. 

Litman, Todd. 2015. Parking Pricing Implementation Guidelines. 
Victoria Transport Policy institute (VTPI))

Sehgal M, Rizwan SA, Krishnan A., 2014b, Disease burden due to 
biomass cooking fuel related Household Air Pollution among 
women in India, Global Health Action 7: 25326 - http://dx.doi.
org/10.3402/gha.v7.25326

Mishra V, Retherford RD, Smith KR. Cooking smoke and tobacco 
smoke as risk factors for stillbirth. Int J Environ Health Res. 2005 
Dec;15(6):397–410. 

Mishra VK, Retherford RD, Smith KR. Biomass cooking fuels and 
prevalence of blindness in India. J Env Med. 1999;1(4):189–99. 

Mishra VK, Retherford RD, Smith KR. Biomass cooking fuels and 
prevalence of tuberculosis in India. Int J Infect Dis. 1999;3(3):119–
29. 

Murty et al. (2003) Health Benefits from Urban Air Pollution 
Abatement in the Indian Subcontinent. [http://iegindia.org/
workpap/wp236.pdf]

NSS Report No.567: Energy Sources of Indian Households for 
Cooking and Lighting

on levels of SPM, SO2 and NO2 in the ambient air of Patiala (India). 
International Journal of Environmental Analytical Chemistry 
90(10):829–43.

Pokhrel AK, Smith KR, Khalakdina A, Deuja A, Bates MN. Case-
control study of indoor cooking smoke exposure and cataract in 
Nepal and India.Int J Epidemiol. 2005 Jun;34(3):702–8. 

Ramanathan, V., M. Agrawal, H. Akimoto, M. Auffhammer, S. 
Devotta, L. Emberson, et al. (2008b). Atmospheric Brown 
Clouds: Regional Assessment Report with Focus on Asia, 
published by the United Nations Environment Program, Nairobi, 
Kenya, pp. 1-360

S. Avnery et al. / Atmospheric Environment 45 (2011) 2297-2309
S. Steinle et al. (2015)  Science of the Total Environment 508: 

383–394
Sehgal et al (2014 a) International Journal of Environmental Studies. 

DOI: 10.1080/00207233.2014.965937
Sehgal et al. (2011) International Journal of Environment Studies68: 

845-850.
Sharma S., Kumar A. (Eds), 2016, Air pollutant emissions scenario 

for India,.The Energy and Resources Institute. New Delhi.
Sharma S., Nunez L., Ramanathan V., 2016a, Atmospheric Brown 

Clouds [ABCs], In Press, Oxford Research Encyclopedia of 
Environmental Science

Sharma, S.K., Mandal, T.K., Saxena, M., Sharma, R.A., Datta, A., 
Saud, T., 2014. Variation of OC, EC, WSIC and trace metals 
of PM10 in Delhi, India. Journal of Atmospheric and Solar–
Terrestrial Physics 113, 10–22.

Singh, N., S. K. Mittal, R. Agarwal, A. Awasthi, and P. K. Gupta. 
2010b. Impact of rice crop residue burning

Sioutas et al. (2005, )Environmental Health Perspectives113: 947–
955. 

Soret, A., Jimenez–Guerrero, P., Andres, D., Cardenas, F., 
Rueda, S., Baldasano, J.M., 2013. Estimation of future emission 
scenarios for analysing the impact of traffic mobility on a large 
Mediterranean conurbation in the Barcelona Metropolitan Area 
(Spain). Atmospheric Pollution Research 4, 22–32.

Srivastava, A., Nair, S.N. and Joseph, A.E., 2006, Ambient 
concentration of benzene in air due to vehicular movement in 
Mumbai. Current Science, 91, 1315–1318.

Sucharew et al. (2010)Pediatric Allergy and Immunity 21:253–259. 
Sukhsohale ND, Narlawar UW, Phatak MS. Indoor air pollution 

from biomass combustion and its adverse health effects in central 
India: an exposure-response study. Indian J Community Med. 
2013 Jul;38(3):162–7. 

Sumit Sharmaa*, R Suresha, Richa Mahttaa, C. Sita Lakshamia 
, Anju Goela, K Johnsona, Surender Negia, S Sundar, 2016b, 
Characterization of real world driving conditions and their 
impacts in Indian cities, (under submission for publication) The 
Energy and Resources Institute, New Delhi 

TERI, 2011, Air quality assessment, emission inventory and 
source apportionment study for Bangalore city, The Energy and 
Resources Institute, New Delhi 

TERI. (2015a). TERI Energy & Environment Data Diary and 
Yearbook 2014/15. New Delhi: TERI Press.

TERI. (2015b). Energy Security Outlook: Defining a secure and 
sustainable energy future for India. New Delhi: TERI Press.

Tielsch JM, Katz J, Thulasiraj RD, Coles CL, Sheeladevi S, Yanik EL, 
et al. Exposure to indoor biomass fuel and tobacco smoke and 
risk of adverse reproductive outcomes, mortality, respiratory 
morbidity and growth among newborn infants in south India. Int 
J Epidemiol. 2009 Oct;38(5):1351–63. 

Tiwari, S., Srivastava, A.K., Bisht, D.S., Safai, P.D., Parmita, P., 
2013. Assessment of carbonaceous aerosol over Delhi in the 
Indo–Gangetic Basin: characterization, sources and temporal 
variability. Natural Hazards 65, 1745–1764.

TOI, Delhi’s waste-to-energy plants ‘toxic, costly, inefficient’, Mar 
31, 2015, The  Times of India.

Uma Rajarathnam, Meena Sehgal, Subramanya Nairy, R C Patnayak, 
Sunil Kumar Chhabra, Kilnani, K V Santhosh Ragavan , Time-
series study on air pollution and mortality in Delhi.  HYPERLINK 
“http://lib.bioinfo.pl/pmid/journal/Res per cent20Rep per 
cent20Health per cent20Eff per cent20Inst” Res Rep Health Eff 
Inst. 2011 Mar ;(157):47-74 

Weiss M, Bonnel P, Kühlwein J, Provenza J, Lambrecht U, Alessandrini 
S, Carriero M, Euro 6 reduce the NOx emissions of new diesel 
cars? Insights from on-road tests with Portable

World Health Organization, 2014. Ambient (outdoor) air pollution 
in cities database.(http://www.who.int/phe/health_topics/
outdoorair/databases/cities/en/).

Zodpey S, Ughade SN. Exposure to cheaper cooking fuels and risk 
of age-related cataract in women. Indian J Occup Environ Med. 
1999;3:159–61.



For more information contact:

The Energy and Resources Institute (TERI)
Darbari Seth Block,  
IHC Complex, Lodhi Road,  
New Delhi- 110003

Tel:  24682100 or 41504900
Fax:  24682144 or 24682145
Web:  www.teriin.org
E-mail: sumits@teri.res.in

Sumit Sharma
Fellow, Centre for Global Environment Research
Earth Science and Climate Change Division

FEBRUARY 2018

The Energy and Resources Institute

This is part of a series of policy briefs by TERI based on its research work in specific areas. These briefs are made 
available to Members of Parliament, policymakers, regulators, sectoral experts, civil society, and the media. 
The briefs are also accessible at http://www.teriin.org/policybrief/. The purpose is to focus on key issues and 
list our policy recommendations to encourage wider discussion and debate. We would very much value your 
comments and suggestions.

Policy Briefs and Discussion Papers of TERI
Title  Date 
1.  Sustianability Dynamics of Resource Use and Economic Growth August 2015
2.  Solar PV for Enhancing Electricity Access in Kenya: What Policies are Required? July 2015
3.  Organic Agriculture: An Option for Fostering Sustainable and Inclusive Agriculture  June 2015 

Development in India 
4.  Moving Forward with a World-class Mineral Policy for National Mineral Policy  June 2015
5.  Towards a Policy for Climate Resilient Infrastructure and Services in Coastal Cities  June 2015
6.  Supply-side Financing of Improved Biomass Cookstoves in India May 2015
7.  Selecting the Appropriate Improved Cooking Technology: What Matters?  May 2015
8.  Can Subsidies be a Tool for Strengthening the Improved Cookstoves Market?  April 2015
9.  Capacity Needs of Government Officials for Integration of Energy and  April 2015
  Human Developments  
10.  Mainstreaming Gender in Improved Cookstove Value Chain  March 2015
 11. Bundling Improved Cooking and Lighting Technology for Energy Access  March 2015
 12.  Biofuel Promotion in India for Transport: Exploring the Grey Areas February 2015 
 13. Crisis in India’s Electricity Distribution Sector: Time to Reboot for a Viable Future January 2015
 14. The Mineral Development and Regulation Framework in India January 2015
15.  What would India Need for Moving to a 100% Renewable Energy Scenario by 2050? December 2014
 16. Perspectives on a Water Resource Policy for India October 2014
17.  Advancement of Fuel Quality and Vehicle Emissions Norms to  September 2014 

Improve Urban Air Quality in India 
18.  Tax Regime for Improved Cookstoves and its Implications September 2014
19.  Proliferation of Cars in Indian Cities: Let Us Not Ape the West June 2014
20.  Climate Proofing Indian Cities: A Policy Perspective March 2014
21.  India and Sustainable Development Goals November 2013 
22.  Engagement with Sustainability Concerns in Public  August 2013  

Procurement in India: Why and How  
 23. Shale Gas in India: Look Before You Leap June 2013 
 24. Petroleum Product Pricing Reforms in India: Are We on the Right Track?  March 2013
 25. Enhancing Water Use Efficiency of Thermal Power Plants  December 2012 

in India: Need for Mandatory Water Audits   
 26. Governance of Mining in India: Responding to Policy Deficits June 2012 
 27. Don’t Tinker with the Clock to Save Energy August 2011 
 28. India’s Coal Reserves are Vastly Overstated: Is Anyone Listening? March 2011 
 29. Critical Non-fuel Minerals Security: Why India Urgently Needs  December 2010 

to have a Policy in Place 
30.  Strengthening Agricultural Biotechnology Regulation in India  September 2010


