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Abstract The submission explores the possibility of a policy
revision for considering clean air quality in recently launched
nationwide campaign, Clean India Mission (CIM). Despite of
several efforts for improving availability of clean household en-
ergy and sanitation facilities, situation remain still depressing as
almost half of global population lacks access to clean energy and
proper sanitation. Globally, at least 2.5 billion people do not have
access to basic sanitation facilities. There are also evidences of 7
million premature deaths by air pollution in year 2012. The situ-
ation is even more disastrous for India especially in rural areas.
Although, India has reasonably progressed in developing sanitary
facilities and disseminating clean fuel to its urban households, the
situation in rural areas is still miserable and needs to be reviewed.
Several policy interventions and campaigns were made to im-
prove the scenario but outcomes were remarkably poor. Indian
census revealed a mere 31% sanitation coverage (in 2011) com-
pared to 22% in 2001 while 60% of population (700million) still
use solid biofuels and traditional cook stoves for household
cooking. Further, last decade (2001–2011)witnessed the progress
decelerating down with rural households without sanitation

facilities increased by 8.3 million while minimum progress has
been made in conversion of conventional to modern fuels. To
revamp the sanitation coverage, an overambitious nationwide
campaign CIM was initiated in 2014 and present submission
explores the possibility of including ‘clean air’ considerations
within it. The article draws evidence from literatures on scenarios
of rural sanitation, energy practises, pollution induced mortality
and climatic impacts of air pollution. This subsequently
hypothesised with possible modification in available technolo-
gies, dissemination modes, financing and implementation for
integration of CIM with ‘clean air’ so that access to both sanita-
tion and clean household energy may be effectively addressed.
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Introduction

Increase in global population with considerable environmental
footprint has put unprecedented impacts on Earth’s carrying ca-
pacity and natural resources.Although, general concern for envi-
ronmental sustainability has improved considerably over the last
few decades, implementing the concept at grass-root level still
remainsa challenge.Access toproper sanitationandcleanenergy
is a distant dream for many rural households. Like many other
countries, India is still grappling with fundamental issues like
sanitation, hygiene and access to clean energy especially for rural
communities. Therefore, taking the pledge for a cleaner environ-
ment, under auspicious guidance of Prime Minister Narendra
Modi, entire India voluntarily took the biggest-ever cleanliness
drive called BSwachh Bharat Mission^ or Clean India Mission
(CIM). The CIM is unique in many aspects as it is projected as a
massive mass movement of the entire country. The nationwide
campaign was launched on the birth Anniversary of Mahatma
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Gandhi (October2,2014) andaspire toachievea ‘Clean India’by
his 150th birthday anniversary in 2019. The entire campaign in-
cludes 4041 towns for cleaning streets, roads and other places of
public interests for the development of an aesthetic environment.
Inclusion of people from almost every hierarchical domain of the
society i.e. students, government employees, social workers
coupled with celebrities makes the mission entirely novel. The
entire mission appears to be a drive for promoting awareness
among individuals along with improvement of municipal ma-
chinery foreffective solution tohousehold sanitationbyspending
nearly US$ 9.7 billion, 100 times more than the India’s Mars
Orbiter Mission (MUD 2014; isro.gov.in). Entire mission
addresses social transformation by eliminating open defecation
and manual scavenging, induce behavioural changes in
promoting healthy sanitation practises, create awareness on
sanitation, public health issues and participation.

Present submission explores the scope for possible inclusion
of ‘clean air’ concept within ‘Clean India Mission’, so that peo-
ple maywell be informed regarding adverse health impacts of air
pollutants and thereby, encouraged to use clean fuel for domestic
consumption. Existing policies and legislations till now appeared
insufficient in regulating population exposure to airborne toxic
chemicals. The system gets additionally complicated through
inclusion of different short-lived pollutants which substantiate
associated health risks. Implications of airborne particulates and
trace gases on human health have been investigated extensively

(Apte et al. 2015; Kumar et al. 2015a; WHO 2014a; Schmale
et al. 2014). In most instances, airborne particulates composed of
organic and elemental carbon; salts of sulphates and nitrates
originate from improper burning of biomass and fossil fuels
contribute significantly in deteriorating human health. It has
been argued by Schmale et al. (2014) of possible prevention of
2 million premature deaths (by 2040) through consideration of
clean air, while it is also vowed on avoiding 40million additional
deaths (by 2030) only by reducing methane, black carbon (BC)
and other pollutant emitted from household cooking. Globally,
exposure to air pollution is held responsible for causing one in
eight premature deaths (7 million deaths in 2012) particularly
associated to heart diseases and stroke (Fig. 1). Most of these
premature deaths were associated to indoor air pollution (61.4%,
4.3 million deaths in 2012; WHO 2014a) emitted from cooking
over conventional fuels while ambient air pollution was held
responsible for 3 million additional premature deaths (WHO
2016). Indoor air pollution was also accountable for 50% of
children deaths under age five (WHO 2014a). Conventional
household energy practises are responsible for emitting toxic
levels of air pollutants which pose health risks in terms of expo-
sure, high risks of burns, poisoning and additionally contribute to
outdoor pollution. In a current estimate, 53% global woody har-
vested biomass are used as wood fuel for heating and to meet
energy demands, while for India, the estimate is over 90%
(FAOSTAT 2013). Further, globally around 3.0 billion people

Fig. 1 Global death attributable to air pollution Note:HAP household air pollution,AAP ambient air pollution. Data for AAP-induced and total mortality
for 2008 is estimated. The pie chart represent the global burden of disease (%) in corresponding years (source: WHO, 2007; 2008; 2009; 2014a, 2016)
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use open fires and biomass stoves while in India, approximately
700 million population (60% of entire population) consider solid
biofuels and traditional cook stoves for domestic cooking (WHO
2014a; CEEW 2015).

The report onWHOglobal burden of disease identifies South-
East Asia and Western Pacific region accounting major propor-
tion of global mortality associated to household (HAP, 47% of
global mortality, 3.3 million deaths; WHO 2014a) and ambient
air pollution (AAP, 27%, 1.9 million deaths; WHO 2016). Only
in South East Asia, exposure to AAP is responsible in causing
0.79 million premature deaths (11% of global mortality), while
1.7 million (40%) deaths are linked to HAP, mostly by stroke or
ischaemic heart diseases (Fig. 2). In addition to this, global mon-
etary loss due to air pollution can be as high as $225 million in a
year (World Bank 2016). Anthropogenic emissions in the form
of smoke, particulates and harmful trace gases interact with key
physiological functions with varying degrees of toxicological
impacts. Airborne particulates mainly in finer range (PM2.5) are
of special concern due to its critical roles in inducingmortality. A
31% rise in death tolls attributed to ambient PM2.5 has been
reported within last 2 decades (1990 to 2013). Fine particulate
associated risk ofmortality was also projected to increase in 2013
(5.3% deaths) compared to 1990 (4.7% deaths; World Bank
2016). Entire South Asia acts as a potential reservoir of PM2.5.
Exemplifying the Indo-Gangetic Plain in South Asia is burdened
with high aerosol loading with annual PM2.5 concentration of
81 ± 55 μgm−3 for 2014–2015 (AOD550: 0.5 to 1.4; Murari et al.
2015, 2016; Kumar et al. 2015b; Sen et al. 2014). It is well
argued that reducing airborne particulate from 70 to 20 μg/m3

may contribute 15% reduction in air pollution related mortality
within the region (WHO 2014a). Apart from mortality, many
other physiological disorders induced by airborne particulates
include decreased semen quality (Zhou et al. 2014), chronic kid-
ney disorder (Gresham et al. 2014), dry eye syndrome
(Bhatnagar et al. 2014), peptic ulcers with probability of devel-
oping gastric ulcers (Lai et al. 2014), skin cancer (Goldsmith
1996) and intestinal disorder (Beamish et al. 2011). Children
are also highly susceptible to the impacts of aerosols due to

incomplete development of their immune systems (Bateson and
Schwartz, 2007).

Violation of air quality standards often resulted from unsus-
tainable policies and practises. This ultimately create the scope of
constituting proactive policy trade-offs or synergies (Bhatt et al.
2015). Exemplifying, implications of CIM objectives require in-
stallation of a proper and scientific solid waste treatment facili-
ties, which in current scenario only managed by open unregulat-
ed combustion at waste collection site or by open disposal with-
out considering possible environmental consequences. This is a
typical case for Delhi and other Indian municipalities, where
burning of solid waste is considered to be a significant factor
for ambient air pollution (firepost.com 2016). So in certain as-
pects the fate of CIMmay possibly turn in deteriorating ambient
air quality. In this context, we explore the possibility of policy
revision by incorporating ‘clean air’ within CIM to achieve an
effective and achievable solution. The article strongly recom-
mends few mechanisms for inclusion in CIM except which its
vision to have a ‘Clean India’ may not be achievable in factual
sense. We recommend a quick revival of the mission with an
enhanced scientific planning, institutional organization and ex-
pertise by considering ‘clean air’ within CIM.

Clean India mission: scopes

CIM has been implemented with a vision to eradicate manual
scavenging, elimination of open defecation, generate and transfer
knowledge of sanitation, induce behavioural changes regarding
healthy sanitation practises and to install scientificwastemanage-
ment system (MDWS 2014; MUD 2014; Fig. 3). Within these
broad perspectives, some defined objectives include subsidized
construction of sanitary latrines for families below poverty line,
renovation and conversion of dry latrines into low-cost sanitary
latrines, development of community sanitary complexes in vil-
lages facilitated with hand pumps and bathrooms, development
of sewerage system in villages, awareness campaign, health edu-
cationtoinducebehaviouralchanges,encouragingparticipationof

Fig. 2 Regional distribution of
premature death due to household
and ambient air pollution Note:
LMI low- and middle-income, HI
high-income (modified from
WHO, 2014a, 2016)
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private sector for capital expenditure and providing operation and
maintenance costs for sanitation facilities. These objectives are
proposed to be achieved in a steppedmodewith complete sanita-
tion till year 2019.

The entire campaign has been executed under the jurisdiction
of Ministry of Drinking Water and Sanitation (Swachh Bharat
Mission-Gramin; SBM-Gramin) and Ministry of Urban
Development (Swachh Bharat Mission-Urban; SBM-Urban)
with proper financial obligations for each phase of mission im-
plementation. A total of Rs. 62,009 crore (US$ 9.7 billion) was
earmarked for implementation of SBM (Urban) with proposed
central assistance of Rs. 14,623 crore and Rs. 4874 crore will be
contributed by states as State/ urban local bodies (ULB) (MUD
2014). Specific infrastructural guidelines have been provided for
each CIM component most notably including structures for
household, community and public toilets, solid waste manage-
ment, communication to general public for behavioural change
and capacity building for states andULB (Fig. 4). SBM-Urban is
governed by three-tier missionmanagement structure at national,
state and ULB level. In national level, National Advisory and
Review Committee (NARC) for project monitoring and supervi-
sion, SBM National Mission Directorate (NMD) for project for-
mulation in support to StateMissionDirectorates andwithin state
level, a High Powered Committee (HPC) and SBM State
Mission Directorate is made functional for proper execution
(Fig, 4; MUD 2014). For SBM-Gramin scheme, National
Scheme Sanctioning Committee (NSSC) was constituted to

approve or revise the Project Implementation Plan (PIP), while
a five-tier implementation mechanism was involved for proper
project functioning from nation to village level (MDWS 2014).
A specific monitoring and evaluation plan has also been pro-
posed for the entire campaign with the provision of concurrent
monitoring of project status using community level participation.

Past initiatives for sanitation

Different environmental cleanliness drives in terms of sanita-
tion programmes with apparently identical objectives were
periodically introduced in India. The first of its kind Rural
Sanitation Programme was launched in 1954 during first
five-year plan (1951–1956). However, the programme
achieved limited accomplishment due to non-availability of
qualified work-force and supporting materials. It was also
overambitious as rural sanitation coverage were subsequently
revealed to be merely 1% by Census of India-1981 (MDWS
2014; Fig. 5). Incidentally, during celebration of the first
International Drinking Water Supply and Sanitation Decade
(1981–1990), Government of India introduced the Central
Rural Sanitation Programme (CRSP, in 1986) with objective
of improving quality of life by providing sanitation facilities
among the household below poverty lines, to eradicate manual
scavenging and to create mass awareness (MDWS 2014).
However, such infrastructure oriented and supply driven

Fig. 3 Components of Clean
India Mission
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programme was failed to deliver as sanitation coverage hardly
exceeded 10% of rural population (Census 1991).

Entire programme was re-launched with the name of Total
SanitationCampaign(TSC)in1999tospecificallyeradicateopen
defecation process until 2010. The key intervention areas of TSC
were improving awareness, education and communication, im-
proving hygiene and capacity building for effective change in
behaviour with involvement of community based organizations,
co-operatives, women, self-help groups and NGOs. In the first
6 years of TSC implementation (1999–2005), entire focuswas to
remove the practises of open defecation and creating awareness,
while from 2006 onwards, TSC includes solid and liquid waste
management as separate components (GOI 2013). TSC has
proclaimed to achieve rural sanitation coverage of 68% (in
2011) (GOI 2012). However, in a recent report by Planning
Commission, 27%of rural householdwas found having any san-
itation facilities while only 14% of Gram Panchayats were using
solidwastemanagement system (GOI 2013). The failure of TSC
wasfurther revealed inCensusof India2011whichaccountmere-
ly 31% (in 2011) of rural sanitation coverage (GOI 2012b) in
contrast to 22% during 2001 (Hueso and Bell 2013; Census
2001) (Fig. 5). Subsequently, in order to revamp the rural sanita-
tion, Nirmal Bharat Abhiyan (NBA) was launched in 2012 as
successor ofTSC.Encouragement of cost effective andappropri-
ate technologies for ecologically safe and sustainable sanitation
was the main target (GOI 2011). The concept of NBA included
incentive based community managed environmental sanitation
system. Further, convergence with MNREGA (Mahatma
Gandhi National Rural Employment Guarantee Act) leads to an

evenmore construction-oriented programme.NBAalso failed to
deliver formultiple reasons and therefore, subsequentlymodified
and re-launched as Swachh Bharat Mission or Clean India
Mission onOctober 2, 2014.

Proper sanitation in India still remains a distant dream in rural
households due to long term ignorance and lack of administra-
tive planning. Most of the sanitary programmes were remain
ignorant of actual ground implementation additionally burdened
with minimum political priorities, technocratic and paternalistic
inertia, improper monitoring and corruption (Huesoa and Bell
2013).While CIM is certainly a creditablemove, its feasibility is
uncertain as some key issues were not properly addressed.
Ignorance of proper monitoring system, motivation of
implementing agency, technocratic governing machinery and
universal corrupt behaviour are possibly the key issues need to
be resolved for effective implementation of the program.

Integrating Clean Air within CIM: necessity

We understand that CIM necessitate some essential chang-
es in its basic structure, especially to consider clean air
quality within the present mission. The statistics of air
pollution in most of the Indian geographical regions re-
ported by many agencies and researchers justify the con-
cern. The essential requirement of ‘clean air’ within CIM
is based on some specific scientific observations which
are explained hereafter.

Fig. 4 Objectives and implementing agencies for Clean India Mission
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Air pollution from household fuel combustion

The effects of indoor air quality on human health has been
widely acknowledged (WHO 2016; Kumar et al. 2015a).
Emission potentials of household fuels depend on number of
factors most importantly type of fuels, moisture content, asso-
ciated impurities, combustion temperature, ventilation, resi-
dence time and level of mixing. Combustion of fuels proceeds
through a sequence of steps. Ideally fuels first enter into va-
pour phase either directly or by devolatilization processes and
combustion initiates in a flame or distributed reaction zone to
generate energy and associated by-products. For complete
combustion, presence of stoichiometric oxygen with adequate
residence time at a sufficiently high temperature is required,
except which this may generate numerous hazardous
chemicals depending on exact combustion and fuel conditions
prevailed (Banerjee and Srivastava 2012).

Inmost instances, biomass and crop residues subject to burn-
ing consist of high level of moisture which compromise the
maximum burning temperature and thereby potentially emit

numerous un-burnt hydrocarbons, most of which are carcino-
genic. Fuels also differ in associated contaminants like in coal
(ash, sulphur, arsenic, mercury), kerosene (sulphur), biomass
(nitrogen, ash, chlorine) (WHO 2014b). Burning of solid
household fuels potentially emits respirable particulate matter
(PM), carbon monoxide (CO), nitrogen oxides (NOx), sulphur
oxides (SOx), carbon di-oxide (CO2) and unburnt hydrocar-
bons. Average emission factors for household fuels for labora-
tory or simulated kitchen measurements are illustrated in Fig. 6
(WHO 2014b and references therein). In presence of chlorine,
burning of biomass and household trash may generate dioxins
and furans (Banerjee and Srivastava 2012). Coals also associ-
ated with emissions containing sulphur, arsenic, silica, fluorine,
lead and mercury. Several gas phase pollutants also generated
from biofuel burning which are carcinogenic (benzene, formal-
dehyde), probably carcinogenic (1,3-butadiene), and possibly
carcinogenic (styrene) to human (Zhang and Smith 2007).

In a current estimate, approximately 60% of population in
India use solid biofuels and traditional cook stoves for
cooking (WHO 2014a). However, the situation is much

Fig. 5 Rural India sanitation coverage and annual expenses on drinking
water and sanitation Note: Line diagram represents India’s rural
sanitation coverage (%) according to published government reports
while the pie chart corresponds to data reported in India’s census.

Expenses on drinking water and sanitation represent all of India (i.e.
both urban and rural regions) (source: Census, 1991, 2001, 2011; GOI,
2013)
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disastrous for rural India where 87% of households rely on solid
fuels for domestic cooking with predominate share of firewood
(63%), crop residue (13%) and dung cake (11%) (Census 2011)
(Fig. 7b). In India, households using modern fuels with reduced
emission potential are extremely rare. The conversion of solid
fuels to modern fuels has been slow in the rural sector with a
decrease of 8% in 2009–2010 compared to 1993–1994 (Fig. 7c-
d) (DGDA 2013). Total number of LPG consumers of public
sector oil marketing companies as on April, 2015 stands 181
million representing approx. 15% of population (MPNG 2015).
Till year 2011, LPG penetration within domestic sector accounts
19.6% of rural households (for urban: 83.8%). This clearly sig-
nify the enormous potential of introducing clean energy to rural

household either through providing clean fuels and/ or through
providing combustion-biomass stoves.

Air pollution and public health

Epidemiological studies and systematic reviews have well
established the association of enhanced mortality, hospital ad-
missions, acute respiratory infections and cardiovascular dis-
eases with deteriorating air quality (Kumar et al. 2015a; WHO
2014a; Singh and Banerjee 2016). Recent satellite images
coupled with field observations has revealed global distribu-
tion of airborne particulates and identified very few global
hotspots, including Indo-Gangetic plains in South Asia,

Fig. 6 Emission factors for household fuels under laboratory or simulated kitchen experiments. Note: All the emission factors carry identical unit (g/kg)
except kerosene (mg/gm). The emission factors were available from WHO (2014b) except for kerosene (Lam et al., 2012 and references therein)

Fig. 7 India’s population growth and breakdown of primary fuel use in rural and urban sectors. (Source: DGDA, 2013; Census, 2011)
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South-East Asia, Central America, Eastern Africa and eastern
China. Indo-Gangetic alluvial plain has long been identified
having huge aerosol burden mostly characterized by the pres-
ence of mineral dust, organic aerosols and elemental carbon
produced through combustion of fossil fuels, biomass burning
and road dust re-suspensions (Banerjee et al. 2015; Kumar
et al. 2015b, 2016; Murari et al. 2016; Sen et al. 2014,
2016). To recognize the spatial nature of air pollution impacts,
a comparative figure including India’s population density (for
2011), distribution of aerosol columnar loading in terms of
aerosol optical depth (average AOD for 2011–2015) and pre-
mature mortality as a function of ambient fine particulates (for
2010) are presented in Fig. 8. The spatial nature of premature
mortality attributable to fine particulates (Fig. 8c) has been
developed by Apte et al. (2015) considering high-resolution
aerosol loading information coupled with cause-specific inte-
grated exposure-response function. Figure 8 identifies entire
India having high aerosol loading while IGP solely recognized
with exceptionally high population density, aerosol loading
and thereby high pollution induced mortality. Except IGP, rest
of the region exhibit somewhat reduced susceptibility. Over
the IGP, particulate induced premature mortality was consid-
erably high due to high exposure and low socio-economic
resilience. However, modest improvements in regional air
quality will possibly result in large avoided mortality owing
to nonlinear concentration-response relationship and popula-
tion demography (Apte et al. 2015). Therefore, considerable
improvements in terms of regional energy practises and air
quality are required. According Apte et al. (2015), India and
china are required to offset average fine particulate levels by
∼20–30% over the next 15 years only to balance attributable
mortality from ageing population. Effects of air pollution in
population mortality are not extensively documented especial-
ly over IGP as very few evidences are found in literature

database. Figure 9a explains the major risk of mortality in
India indicating a total of 1.66 million annual deaths solely
due to air pollution. Household air pollution (1.04 million
deaths) emerged as the second leading risk of mortality well
comparable to blood pressure (1.20 million) and smoking
(1.02 million) (Cohen 2013). Additionally, air pollution in-
duced excess premature mortality over few urban habitats is
reported in Table 1. Figure 9b introduces major categories of
air pollution induced mortality in India specifying both ische-
mic heart disease and stroke as predominant risks.

It emerged that although air pollution is responsible for a
major proportion of premature deaths in India, the government
is yet to intervene to the primary sources of pollution. There are
numerous evidences of achieving critical level of pollution in
ambient atmosphere and associated health impacts over several
cities and urban habitats. Cardio-vascular diseases are widely
linked with air pollution while from last few decades these are
mainly attributed to finer particulates. Health issues associated
with air pollution clearly indicate that even after implementation
of stringent legislations, pollution and its impacts are quite sig-
nificant. This probably indicates the essentiality of a nationwide
air quality management campaign towards popularizing clean
energy and dissemination of improved cook stoves especially to
rural households. Extended provisions of including these as-
pects in CIM will not only help in reduction of premature mor-
tality but also help in generating rural employment.

Air pollution and clean fuel

In India, dependence of rural household on traditional fuels is
exceedingly high. The Ministry of New and Renewable
Energy (MNRE) through a Special Project on Cook stove
(in 2009–10) initiated the process of developing various types
of biomass based improved cook stoves for rural households.

Fig. 8 Comparison of (a) population density, (b) distribution of aerosols
loading and (c) premature mortality as a function of ambient fine
particulates. Note: Population density map is the curtsey of

GEOCONCEPT Group, Chennai. AOD 2011–2015 represents 5 years
of average AOD derived from Aqua-MODIS. Premature mortality as a
function of ambient fine particulates is curtsey of Apte et al., (2015)
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Ministry also emphasized means for expanding the network
for deployment of improved biomass cook stoves for rural
people. The National Biomass Cookstoves Initiative (NBCI)
was launched in 2009 by MNRE to initiate state-of-the-art
testing, certification and monitoring facilities and strengthen-
ing R&D program. Switching from less efficient biomass
burning to cleaner and more efficient stoves have great poten-
tials both in terms of environmental and societal benefits.
Such understanding has resulted inmany initiatives to develop

various forms of improved cook stoves. Exemplifying, project
surya was implemented over selected regions (Himalayan,
IGP and Southern India) to reduce the impacts of biomass
burning, reductions in BC, methane and ozone and to replace
the conventional cook stoves by clean and sustainable
cooking technologies. Five thousand households were provid-
ed cleaner technologies like solar cookers and other energy
efficient stoves. These improved stoves were environmental
friendly with a reported reduction of major ions associated

Fig. 9 Premature mortality in
India (a) major risks (b) mortality
due to air pollution (in percent-
age). (Modified from Cohen,
2013)

Table. 1 Air pollution induced excess premature mortality over few cities

Excess mortality (Number/million/Year) Delhi (Gurjar
et al. 2010)

Mumbai (Maji
et al. 2016)

Pune (Maji
et al. 2016)

Karachi (Gurjar
et al. 2010)

Dhaka (Gurjar
et al. 2010)

Cardiovascular 3500 724 449 5200 7000

Respiratory 1600 121 78 2100 2100

COPD - 34 20 - -

Hospital Admissions (Respiratory) - 1519 901 - -

Hospital Admissions (Cardiovascular) - 582 348 - -

Hospital Admissions COPD 1500 - - 2100 2100

Total 10,500 1192 733 15,000 14,700
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with biomass burning (~32%) with maximum reduction in
sulphate aerosols (47%) and sulphur dioxide (55%) compared
to conventional cook stoves (Singh et al. 2014). However,
such success stories are limited mainly due to improper distri-
bution networks, distribution costs and lack of infrastructure
to provide after-sale services (Freeman and Zerriffi 2015).

Air pollution and agriculture

Trace gases and airborne particulates potentially impact on
human nutrition by reducing both quality and quantity of crop
yield. Negative effects of air pollution on crops and food pro-
duction are evident within several regions of the world.
Various short-lived climate pollutants (SLCPs, like tropo-
spheric ozone, black carbons, methane, HFCs) originate from
incomplete fuel combustion of biomass and cow dung, have
indirect effects on crop productivity through its impacts on
insolation (by BC and sulphate), surface temperature (by
ozone and BC) and precipitation (by BC). Over the past half
century, efforts have been made on estimating impacts of ele-
vated temperature, trace gases and aerosols on quality and
quantity of agriculture yield (Lobell and Field 2007).
According to IPCC (2014), globally averaged land and ocean
surface temperature has enhanced by 0.85 °C (0.65 to 1.06 °C)
over 1880 to 2012. There is a medium confidence that change
in climate will negatively affect wheat (Lobell et al. 2012) and
maize production (Lobell et al. 2013) for many regions, while
for rice (Pathak et al. 2003) the potential yield is expected to
decrease. Burney and Ramanathan (2014) estimated 36% re-
duction in wheat and 20% reduction in rice production (over
1980–2010) by combined effect of various long-lived green-
house gases (CO2, N2O) and SLCPs in India.

Ground-level ozone is also linked with reduction in crop
yield often extended to 90% with 2–3 times more crop losses
over other air pollutants (Felzer et al. 2007). Globally projected
yield loss (for 2030 over 2000) due to surface ozone is signifi-
cantly varied among wheat (5–26%), soybean (15–19%) and
maize (4–9%) with an accounted annual global loss of $17–35
billion USD2000 (Avnery et al. 2011). The projected yield and
associated economic loss is even more drastic over Indian
subcontinent. Debaje (2014) estimated ozone induced relative
losses from 5 to 11% for winter wheat and 3–6% for rabi rice for
2002–2007. Highest crop losses were also predicted over IGP
region having relatively high O3 concentrations (>80 ppmv)
especially during crop growing seasons (Shukla et al. 2017).

Apart from variations in crop yield, several investigators
found significant changes in nutritive values of various crops,
especially for C3 plants (rice, wheat, soyabean) and legumes.
A significant proportion of global population depend on C3

crops and legumes for zinc and iron, while globally an esti-
mated two billion people suffer from these nutrient deficien-
cies (Tulchinsky 2010), resulting annual loss of 63 million
life-years (Caulfield and Black 2004). Myers et al. (2014)

reported that enhanced CO2 fertilization will possibly be as-
sociated with lower zinc (wheat: 9%; rice: 3%; maize: 5%;
soybean: 5% reduction); iron (wheat: 5%; rice: 5%; maize:
6%; soybean: 5% reduction) and protein content (wheat:
6%; rice: 7%; maize: 5% reduction; soybean: 0.3% increase).
However, to recognize the impacts of air pollutants on food
security require more specific studies in Asian countries
where very limited researches have been conducted.

Air pollution and environmental sustainability

Numerous international researches, arguments and scientific
publications support inextricable linkages of atmospheric pol-
lution and human health (Kumar et al. 2015a; WHO 2014a).
Air pollution induced climate modifications in terms of radi-
ative forcing (Kumar et al. 2017), precipitation, and monsoon
cycles are often centre of discussions (Banerjee and Srivastava
2011; Ramanathan and Carmichael 2008). Air pollutant’s as-
sociation with food security pose considerable direct threat to
sustainability in terms of economic and social crisis (Burney
and Ramanathan 2014). Pollutant’s interaction with incoming
solar radiation and microphysical properties of cloud possibly
threatens hydrological cycle (Ramanathan and Carmichael
2008). Complexities associated with air pollution are now
not only restricted to scientific communities but are outspread
to every individual by its direct and indirect socio-economic
impacts. Approximately 1 billion people in South, South-East,
and East Asia is expected to face risks of water scarcity, de-
clined agricultural productivity, risks of various climate ex-
tremes like floods and droughts. Further, combination of
land-use changes and modified climatic conditions are expect-
ed to degrade biodiversity which ultimately burden ecosystem
functionality (Banerjee and Srivastava 2010).

Given these situations, environmental sustainability necessi-
tates new approaches for integrating pollution management hav-
ing socio-ecological considerations in association with climate
adaptation and mitigation policies. The cost involved in manag-
ing air pollution has to be included in policy formulations and
both policy trade-off and synergies need to be considered simul-
taneously (Banerjee et al. 2017). Region specific requirements
are specifically required to be considered for mainstreaming air
pollution policies into sustainable development strategies.
However, the means to achieve such integration may differ con-
siderably and therefore, extensive discussions and planning are
required. In these contexts, we recommend few policy interven-
tions which are worth to consider in continuation to CIM.

CIM with Clean Air: recommendations and way
forward

Population, social hierarchy, political motivation, financial
provision, socio-economic resilience and inequities often
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create hurdles in effective implementations of any awareness
programme. Socio-economic determinants including discrim-
ination of economically weaker group of people, illiteracy,
lack of information about government policies and role of
middlemen are important factors that additionally constrains
the effective implementations of any policy. In India, ineq-
uities in distribution and consumption of energy resources
apparently vary on the basis of regions and socio-economic
conditions. Ganeshan and Vishnu (2014) reported the ineq-
uities in energy consumption on the basis of income and re-
gions using Gini coefficient and Lorentz curve. A high Gini
coefficient for clean sources of energy i.e. LPG (0.50–0.72)
and electricity (0.22–0.42) depicted the high evidences of en-
ergy inequity in rural areas with low per capita income. Urban
areas with higher per capita income were characterized with
relatively lower Gini coefficient for LPG (0.17–0.41). For
unclean traditional fuels over rural areas, the trends were
somewhat different like in case of firewood (−0.07 to 0.14)
and kerosene (−0.10 to 0.15). This indicates the existing ineq-
uities in rural areas for having access to clean fuels. However,
over the last few decades there are efforts to reduce social
inequities for distribution of energy resources. Government
of India has recently approved a visionary project as
‘Pradhan Mantri Ujjwala Yojna’ for distributing 50 million
free LPG connections to the citizens below poverty line. Till
the preparation of the manuscript, around 11.6 million LPG
connections have already been distributed covering nearly
647 districts throughout India (pmujjwalayojana.com).

Model for cleaner environment require provisions for ad-
dressing local needs, scope of modification and broader soci-
etal implementation. A system for government-society-
science trilogue will also help to address complications arise
even at a grass-root level. Both CIM and access to clean

energy have number of commonalities especially in terms of
creating mass awareness, inducing behavioural changes in
habituating such practises, capacity augmentation for provid-
ing access to clean fuels, cook stoves, household toilets, waste
management systems and ultimately improvising public sec-
tor participation (Fig. 9). Although, both CIM and ‘clean air’
addresses two different aspects, considering synergies both in
policy formulation and execution will definitely derive maxi-
mum benefit for the rural people. In this context, for effective
inclusion of ‘clean air’ concept within CIM, some key recom-
mendations and policy interventions are addressed below
(Fig. 10).

Access to clean fuel

Access to clean fuel in improving health and living conditions of
rural people has well been established. Policy makers have un-
derstood such linkages and are continuously endeavouring to
improve the status of energy access. However, rural demography
speaks in contrasting way as significant proportion of rural
households in India do not have access to clean fuel and there-
fore, bound to use biomass based fuels. Inmost of the cases, rural
households depend on biomass and dung cake due to its easy
availability and lower price. This clearly suggests that India has
to go a long way to address rural energy needs. Even the latest
Census of India (2011) indicates that access to clean energy is
lagging far behind compared to access to electricity. There are
ample opportunities to introduce clean fuels for the rural house-
hold by adopting a proper distribution network. However, rural
distribution networks for LPG or for alternative fuels are ex-
tremely limited and even cost of subsidized fuel can deter the
poorest households. In most instances, rural households are slow

Fig. 10 Possibilities for
combined implementations of
CIM and clean air
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in adapting alternative fuel due to a combination of both, short-
age in supply and lower affordability.

Therefore, there is an urgent need to bridge this gap by
means of employing proper distribution network and effec-
tively regularizing the energy cost so that rural people have
easy access. On this account, the PMUY may be clubbed
effectively with SBM-Gramin with the provisions of encour-
aging cost effective and appropriate technologies for ecologi-
cally safe and durable sanitation facilities along with clean
domestic fuel. The availability and access to cleaner fuels
should also be administered with strict regulations in its dis-
tribution and use. Despite of several government interven-
tions, India ranks 4th in contribution to global carbon budget
with 6.3% of the global carbon emissions (Quéré et al. 2016).
Therefore, promotion of cleaner fuels should also be handled
with stringent regulations. Additionally, it is practically im-
possible to restrict the use of traditional fuel which can only
be handled with a synergy of stringent regulations as well as
with compatible alternatives. The key governmental interven-
tions which may limit the use of existing unclean traditional
fuels may be (i) promoting more efficient use of existing tra-
ditional fuels and (ii) encouraging people to switch to clean
fuels and clean technologies. However, the success of such
interventions may vary spatially and depends on local circum-
stances and economic conditions.

Ensure awareness and induce behavioural change

The consensus and awareness of using clean fuels is minimum
among rural households which make it extremely difficult to
remain choice of interest. Most of the rural people are unaware
of adverse health effects of conventional fuels and therefore,
raising awareness about potential health benefits of cleaner
fuels will definitely facilitate its public acceptance. Although
general awareness on education, drinking water, sanitation,
electricity and vaccination has considerably increased in re-
cent years (CEEW 2015), rural people still prioritize on using
freely accessible conventional fuels over cleaner ones.

Another interesting characteristic signature of rural house-
holds in India is to partially adopt the cleaner fuels irrespective
of affordability. Many rural and even urban households prefer
to use multiple energy sources, like kerosene with biomass or
cow dung cake. Thereby, both cleaner and polluted fuels co-
exist which jeopardize the benefits arise from using cleaner
fuels. This highlights the fact that in certain cases, inability to
switch to cleaner fuels is not a financial obligation, but it is
people’s interest and unawareness which drive them for such
behaviour. Therefore, inducing behavioural changes of local
people should be an integral part of CIM. Awareness and
promotional campaign are required to educate people on po-
tential health benefits of cleaner fuels, kitchen ventilation,
improved cook stoves and also for sanitation practises.

Effective subsidized fuel scheme

Fuel price subsidies for kerosene and LPG have often
found ineffective and unsustainable in expanding the clean
fuel markets for rural households (World Bank 2003).
Exemplifying, fuel price subsidy for LPG accumulates dis-
proportionately to the urban population as 32% of urban
household enjoy the subsidized LPG connection while
LPG account only 19% of rural household. Therefore,
the advantages of introducing subsidized LPG has only
confined to urban areas and benefits never reached to
target population.

In absence of any electrification, kerosene serves as a reli-
able and affordable source of electricity to poor non-electrified
households. However, kerosene subsidy also appears to have a
large leakage, mainly in terms of diversion to the black mar-
ket, prominently to the automotive diesel sector.
Implementation of strict rules and penalization of defaulters
can discourage such practises. Globally, success story of sub-
sidized kerosene is extremely limited while sizable subsidy
also induces massive fiscal deficit (World Bank 2003).
However, in a recent move, Government of India introduced
direct transfer of kerosene subsidy to individuals which has
potentials to eliminate pilferage and kerosene black-
marketing.

Promoting improved cook stove

Improved fuel efficient cook stoves provide multiple ben-
efits like reduced emissions, reduced biomass consump-
tion, empowerment of rural women, improvement of rural
sanitation and human health (Freeman and Zerriffi 2015).
Initiated way back in 1970s to address global energy cri-
sis, distribution of improved cook stoves has been started
to address a number of potentially relevant issues like
societal welfare, rural empowerment, climate change and
also sustainable development. Under Indian National
Program for Improved Chulas, 30 million improved cook
stoves were distributed within 1980s to 1990s with a min-
imum of 50% subsidy. Recently, Ministry of New and
Renewable Energy launched National Biomass
Cookstoves Initiative in 2009 under which pilot scale pro-
jects were considered for demonstration of community size
and domestic biomass cook-stoves. By providing addition-
al subsidies these cook stoves can be made popular among
rural people. There are also provisions for manufacturing
such cook stoves by private sectors. This can be promoted
by facilitating greater partnerships and sharing knowledge
between stakeholders, developing acceptable and achiev-
able standards, promoting awareness and providing wide
financing options. Provision for providing seed money at
initial development stage may also appears attractive to
stakeholders.
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Use of natural gas

In India use of natural gas as a household fuel is extremely
limited, although given to the recent discoveries of large gas
fields it seems potentially feasible. India pose 1488 Billion
Cubic Meters (BCM) of proven natural gas reserves as of
April, 2015 with an annual production of about 33.7 BCM
(MPNG 2015). While the production capacity at source is esti-
mated to be higher, India lack substantially in gas pipeline
distribution network. Establishing a proper distribution network
for the rural people appears a distant dream but, distribution of
natural gas may well be considered for urban and peri-urban
region. It is worth to consider an option as natural gas appears to
be cleanest commercially viable household fuel.

Promoting urban/ rural forestry

Enhanced green cover has potentials to reduce key atmospher-
ic pollutants. Both at rural and urban level, plantation of green
trees can have a pivotal role in providing environmental safety
thereby helps local governments to achieve environmental,
social and ethical sustainability goals. Although, promoting
rural forestry will not contribute in reducing indoor pollution
level, but its broader implication may integrate community
rights by maximizing the environmental benefits. Improving
urban green cover is a complicated job for urban setting in
India due to large impervious lands and haphazard land use.
Most of the metropolitan cities in India are facing similar types
of experiences with a major share of impervious land. India
stands 3rd in the total impervious surface area after China and
United States with 81,221 Km2 of impervious surface area
(Elvidge et al. 2007). In this situation, roof top greening can
provide better results for controlling airborne particulates, pre-
cursor gases and other air toxics. There are hypothesis of
potenatilly reducing massive pollutant load by introducing
green roofing over a city. Deutsch et al. (2005) using
UFORE model estimated the removal of nearly 58MTof pol-
lutants including aerosols with 100% green roofing in
Washington. Implementations of such practises are therefore
strongly recommended in India.

Conclusions

Present scenarios of India’s rural sanitation and access to clean
household fuel were explored. Sanitation coverage and access
to clean fuels for rural households were found miserably poor
which induce negative health impacts both in terms of human
morbidity and mortality. We found nationwide campaign
‘Clean India Mission’ for improving sanitation and waste
management as ambitious but pose potential to improve rural
sanitation and general hygiene. However, there are possibili-
ties worth exploring on concurrent implementation of ‘clean

air’ concept imbedded with CIM so that mission objectives
may achieve in a factual sense. India share predominate pro-
portion of global population without having any access to
clean household fuels. In absence of a clean energy source,
indoor air pollution has been considered as an important con-
tributor to health hazard. We found evidences of minimum
governmental interventions for popularizing and disseminat-
ing the alternative sources of clean energy to rural people.
Therefore, driven by the necessities, we explored the likeli-
hoods of concurrent implementation of CIM with ‘clean air’.
Both CIM and ‘clean air’ potentially address number of sim-
ilar attributes like mass awareness, behavioural changes, ca-
pacity augmentation, reduce social inequities and public sec-
tor participation. Number of sectors with possible coherence,
technological adaptation, dissemination modes, financing,
and scope of implementation were explored so that both san-
itation and access to clean household energy may effectively
be addressed.

Conclusively, we recommend effective policy revision to
disseminate clean energy especially to rural people and peri-
odical assess human health impacts of air pollution with
highest degree of importance. The fundamental objective be-
hind such policy revival is to adopt anticipatory steps for es-
tablishing specific air pollution control measures to minimize
the health impacts. Expenditure on treatment of air pollution
induced diseases and number of premature mortality can be
significantly reduced if priorities are set to effectively control
pollution at source level. At the same time, need for reconsti-
tution of state economic policies is recommended for im-
proved and dedicated dissemination of clean alternative
source of energy to rural people.
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