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Executive Summary  

The Ministry of Environment, Forest and Climate Change (MoEFCC), Government of India, 

launched the National Clean Air Programme (NCAP), which proposes strategies to reduce air 

pollution . The NCAP identifies 122 non-attainment Indian cities [cities that violate the National 

Ambient Air Quality Standards (NAAQS)]. Patna, the state capital of Bihar, is among the five 

most polluted cities in the world (World Health Organization, 2016). The city has also been 

identified as one of the non-attainment cities in India. In this context, the Patna Clean Air 

Action Plan identifi ed source-specific control measures (CMs) and performed a techno-

economic assessment (TEA) on the CMs. This helped identify  technically and economically 

feasible solutions/technologies to reduce pollution levels in Patna. An emission inventory was 

also developed for the city of Patna. Several focused group discussions with various 

stakeholders were carried out to understand the pollution landscape in the city and 

workshops were conducted as a part of the study, to discuss and validate the findings. 

The emission inventory was developed to estimate the total emission load from various 

polluting sources of the city. The research team conducted dispersion modelling using the 

emission inventory, which was projected for the year 2030 using various scenarios. Surveys 

were conducted to collect data and to substantiate the emission load.  

 

The study estimated that by 2030, under the business-as-usual (BAU) scenario, the total PM2.5 

emission load will be approximately 28,000 tonnes/year (compared with 20,000 tonnes/year 

in the base year, 2018). The transportation, domestic, and industrial sectors were identified 

as major polluting sources contributing to the total PM2.5 emission load in 2030. Under the 

BAU scenario, the concentration level of PM2.5 is expected to increase by 28%, from 104.4 

µg/m 3 in 2018 to 134.0 µg/m 3 by 2030. 

In 2030, the highest pollution -concentration (annual average) contributors  in Patna are 

estimated to be outside sourcesɂ23%, domestic (including cooking, heating, and lighting)ɂ

https://twitter.com/moefcc?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
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21%, and transportationɂ19%. Apart from these sources, contributions are expected to be 

from the following sources: industries (12%), open waste burning (11%), dust (11%), and 

diesel generator (DG) sets (4%). The total concentration from the three major polluting 

sectors (domestic, transportation , and industries) will likely be  around 52%.  

In 2018, the transportation sector contributed 15%ɀ38% (seasonal variation) of the total 

pollution concentration. The government must make a serious effort to improve the 

transportation sector infrastru cture in Patna.  

The concentration levels in Patna are estimated to peak during the winter season, between 

November and February. It was observed that biomass burning increases considerably during 

the winter season, to generate heat and light. Hence, domestic heating is a potential cause of 

this sudden peak in concentration. It is estimated to contribut e 18%ɀ30% of the total 

concentration levels during the winter months. However, the percentage share of 

concentration levels from domestic heating stays well below 10% during the rest of the year. 

Hence, there should be a significant focus towards domestic heating during the winter season. 

To identify source-specific CMs, major determinants of pollution from various sectors such as 

transportation, domestic, industry, open waste burning, DG sets, construction, and road dust 

were identified. Existing policies along with these determinants were also considered while 

developing CMs.  

Transportation:  

In Patna, the mode share of public transportation is only around 21%. By 2030, at least 500 

additional public buses need to ply in Patna to achieve the target mode share of 40% set under 

the city mobility plan. By introducing a mix of compressed natural gas (CNG) and electric buses 

(90% of the additional public buses), emissions from the transportation sector could be 

reduced by 11%. This control measure will  cost the concerned department INR 321 crore 

(capital cost). The installation of diesel particulate filters in trucks, banning two-stroke autos, 

strict enforcement of Pollution Under Control (PUC) norms, and the promotion of CNG /  

electric vehicles (EV) could further  reduce emissions from the transportation sector. 

Other measures such as providing better parking policies, establishing demarcated lanes for 

cycle rickshaws, and banning carriage vehicles would likely help improve the existing 

transportation scenario and reduce pollution levels in Patna. 

Industries:  

The Bihar government has mandated the brick industry to adopt cleaner technologies. New 

technologies such as zigzag are considered to be less polluting than fixed-chimney kilns. 

Hence, the government has recommended that the brick industry shift to zigzag technology. 

Effective implementation of the zigzag technology would reduce the emission load from brick 

kilns by 34%. The government should also focus on shifting polluting industries outside the 

city (after taking into account the wind direction) and encourage factory owners to shift to 

advanced technologies that emit less pollutants.  
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Solid-waste management:  

By ensuring effective waste collection and disposal strategies, 90% of the emissions from open 

waste burning could be reduced. Considering the waste-to-energy (WTE) plant (planning 

stage) and future projections of solid-waste generation, it was estimated that around 700 

tonnes per day (TPD) of composting plants and 30 TPD dry-waste collection centres will be 

required for proper waste management by 2030. The Patna municipality would require at 

least INR 130 crore (capital cost) for installing these plants.  

Domestic:  

Although the liquefied petroleum gas (LPG) penetration in Patna is around 90%, it was 

observed a widespread use of biomass as cooking fuel. The emissions from the domestic sector 

will  be reduced by around 81% by making LPG cylinders more affordable and accessible. The 

government would have to invest around INR 30 crore in the form of incentives as LPG 

subsidies. The introduction of smokeless chulhas /  induction stoves can also help reduce the 

emission load from the domestic sector. 

Construction dust:  

The effective and efficient implementation of already existing rules and regulations by the 

government would help reduce the total emission load from dust by around 56%. 

Capacity building:  

To further strengthen the existing infrastructure in Patna, the state government should 

consider installing additional Continuous Ambient Air Quality Monitors (CAAQM) stations for 

the effective measurement and monitoring of pollution levels. This could help identify 

pollution hotspots and prepare appropriate strategies accordingly.  

Three scenarios were created based on the CMs and their emission-reduction potential. These 

scenarios had varying levels of compliance vis-à-vis the suggested CMs. These scenarios 

focussed on high-, medium-, and low emission-reduction potential of CMs. The reduction in 

mortality rates for the different pollution -reduction scenarios were estimated on the basis of 

PM2.5 reduction between 2018 and 2030. The study estimated that the emission level will 

increase by 42% in 2030 without any interventions. The estimated mortality , due to air 

pollution under the BAU scenario, was estimated to be 4,900 deaths per year in 2030. 

The study estimated that under high-, medium-, and low emission-reduction scenarios, the 

PM2.5 emission level can be reduced by 69%, 48%, and 30% respectively with reference to 

the BAU scenario, as described in Figure 1. Under the high emission-reduction scenario, the 

city would save at least 15,000 lives by 2030.  
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Figure 1: Scenarios: emission-reduction potential 

Based on the study conducted by the consortium partners, the Bihar State Pollution Control 

Board (BSPCB) suggests that the state government and concerned line departments should 

implement the following CMs, which would result in maximum pollution reduction: 

¶ Introduce EVs /  CNG vehicles in the city 

¶ Increase the public mode of transportation 

¶ Implement efficient solid-waste management strategies  

¶ Decrease the use of solid fuel by increasing the penetration and refuelling rate of 

LPGs 

¶ Promote advanced technologies in industries  

¶ Enforce rules for construction and demolition waste management  

It is necessary for the government to work closely with citizen groups to sensitise them about 

the effects of air pollution. Existing policies like traffic regulations, construction-and-

demolition waste management rules, and construction of road pavements are a few of the 

measures that could be implemented with immediate effect by the line departments.  

Environmental consequences of air pollutionɂwhich is of great concern not only to the 

present generation but also to future generationsɂneed to be considered strongly. The social 

well-being of people can be secured only when the suggested measures (to help curb air 

pollution in an effective and timely manner) are implemented. The suggested short-term CMs 

need to be implemented immediately. The medium-term measures, on the other hand, should 

be implemented within a 3-year period. Meanwhile, long-term measures should be 

implemented in the coming 5 years. Moreover, it is essential that project management and 

audit units are established for effective implementation of the policies. This will help ensure 

the timely implementation of the suggested policies based on the provided roadmap and time 

frame. 
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1. Background  and Approach  

1.1  Introduction  

The emerging risks associated with air pollution in India have become a major concern for the 

environment and human health. This is evinced by the fact that 15 of the 20 most polluted 

cities in the world are in India (World Health Organization, 2018). Exposure to air pollution 

has resulted in approximately 2,802 disability adjusted life-years (DALYs) per 1,00,000 people 

and 1.24 million  premature deaths in India in 2017, based on statistical study (Dandona et al., 

2017).  

Although the issue of air pollution is pan-Indian, it is more prevalent in the Indo-Gangetic 

plains. The activities in this area such as brick manufacturing, crop burning, and mining, as 

well as thermal inversion during the winter season contribute to severe levels of ambient air 

pollution in the region.  

Patna, the capital city of Bihar, experiences some of the highest levels of air pollution in India. 

For instance, the National Air Quality Monitoring Programme (NAMP) states that Patna has 

experienced (annually) PM2.5 levels of 117.48 µg/m 3 in 2018 (CPCB, 2018).  Moreover, the 

city was ranked the 5th most polluted city in terms of particulate matter, globally, in 2016 

(WHO, 2016). Rapid urbanisation and industrialisation have greatly contributed to the rising 

levels of air pollution in the city. The major contribÕÔÏÒÓ ÔÏ 0ÁÔÎÁȭÓ ÄÅÔÅÒÉÏÒÁÔÉÎÇ ÁÉÒ ÑÕÁÌÉÔÙ 

are the transportation  sector, industries, brick kilns, and biomass burning (Guttikunda et al., 

2019). 

Notably, the Ministry of Environment, Forest and Climate Change (MoEFCC) has recognised 

the scale and severity of the issue when it launched the National Clean Air Programme (NCAP) 

in January 2019. The MoEFCC also provided a five-year roadmap, Á ȰÔÉÍÅ-bound national level 

ÓÔÒÁÔÅÇÙȱ ÔÏ ÔÁÃËÌÅ ÄÅÔÅÒÉÏÒÁÔÉÎÇ Áir quality in several Indian cities. Section 7.1.2 of the NCAP 

mandates a Clean Air Action Plan (CAAP) for all 122 non-attainment cities, including Patna. In 

this regard, the Bihar State Pollution Control Board (BSPCB), with technical assistance from 

the consortium (Centre for Environment, Energy and Climate Change at Asian Development 

Research Institute (CEECC-ADRI); the Center for Study of Science, Technology and Policy 

(CSTEP); and Urban Emissions), has developed an evidence-based Clean Air Action Plan for 

the city of Patna. The action plan defines a comprehensive set of policy measures and 

programmes that the state government and city administration will implement over an 

agreed-upon timeline to reduce ambient air-pollution levels. 

1.2 Approach  

For the development of the Clean Air Action Plan for Patna, a state-level committee (SLC) was 

constituted under the chairmanship of Chairman, BSPCB. Representations from the various 

line departments included Urban Development; Road Construction; Transport; Bihar State 

Disaster Management Authority; Environment, Forest and Climate Change; Industries; 

Building Construction; Urban Development; and Health. Representatives of the identified 

departments (not lower than the rank of Joint Secretary) were nominated as SLC members for 

their assistance in obtaining the required data to formulate the Patna Clean Air Action Plan. 

Furthermore, several trainings at CEECC-ADRI with Urban Emissions and CSTEP helped 

provide capacity building for local institutions.  
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CEECC-ADRI collected primary data from 10,000 vehicles to develop an emission inventory, 

with the support of Urban Emissions. Based on the collected data and identified sources, Urban 

Emissions developed a baseline emission inventory for Patna, covering the targeted pollutants 

(PM, SOx, and NOx) and all the primary sources of emission.  

CSTEP developed a comprehensive set of CMs based on the existing pollution landscape for 

the city. The CMs considered source-specific determinants alongside existing and upcoming 

policies at central and state levels. Focussed group discussions with the line departments 

helped understand the existing institutional arrangements, as well as the availability of 

financial resources and capacity. These discussions helped shortlist and evaluate the CMs 

based on the emission-reduction potential and implementation on ground. Moreover, CSTEP 

performed a techno-economic assessment of the shortlisted CMs and provided a detailed 

strategic roadmap defining the short-, medium-, and long-term implementation plans for all 

the CMs till 2030 . A broad set of feasible targets and anticipated outcomes to be achieved in 

the agreed-upon timelines has been defined. These targets and timelines have been developed 

keeping in mind the various national and sub-national policies and standards, state-level 

committees, and comprehensive assessments. 
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2. Patna: Current Pollution Landscape  

2.1 Overview of Patna city  

The state of Bihar has a population of 104 million . 11% of the population dwells in urban areas, 

which makes Bihar one of the least urbanised states of India (Census 2011). Patna, which is 

the capital of Bihar, faces an unprecedented pressure of urban agglomeration. Because Patna 

is a growing city in terms of infrastructure, transportation, industrialisation, and urbanisation, 

land use and land cover (LULC) pattern is a crucial aspect in identify ing the sources of air 

pollution.  

Brick kilns are mostly located along the river Ganga, industries are located in north and central 

Patna, and major commercial sectors are located in central Patna. The residential area of Patna 

doubled while the area of agricultural land decreased from 53.7 km2 to 19 km2 over the past 

two decades (Mishra and Rai, 2016). As per the Census 2011, the total built -up area of the city 

is 86 km2. The number of water bodies has also significantly shrunk (Figure 2).  

Source: (Mandal & Dutta, 2009) 

 

2.2 Socio-economic profile of Patna 

The 2011 Census states that the population of Patna was 5.8 million, with a density of 1,823 

inhabitants per square kilometre. Patna has seen a 30% population growth between 2001 and 

2011. The ÃÉÔÙȭÓ ÓÅØ ÒÁÔÉÏ was 897 females per 1,000 males1. The overall liter acy rate of Patna 

was 70.68%, with the male literacy rate at 78.48% and the female literacy rate at 61.96%.  

Patna boasts of 14% of the total urban population of Bihar (Bihar Economic Survey, 2019). 

The urbanisation rate in Patna is 43%, which was higher than any other city in Bihar in 20111. 

The work participation rate in Patna was 32.2%, of which about 73% were main workers and 

27% were marginal workers in 20111. Additionally, 37% of the workers were engaged in the 

primary sector (agriculture, forestry, fishing, mining, etc.). The remaining 63% were engaged 

in the secondary and tertiary sectors, which include food manufacturing, textile 

manufacturing, industries, sales, repair services, and banking (Master Plan for Patna - 2031, 

2014). The per capita gross domestic product (GDP) (base year 2004ɀ2005) of Patna was 

estimated to be INR 6,303, with a GDP rate of 7.29% in 2011ɀ2012. Moreover, Patna has been 

Figure 2: Land use land cover of Patna w.r.t different sectors 
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ranked as the 21st fastest-growing city in the world and 5th fastest-growing city in India, with 

an annual growth rate of 3.72%.  

Patna has long been considered as the one of the major hubs for agricultural trade. The 

common agricultural products in Patna are cereals (rice, wheat, and maize) and pulses (arhar, 

urad, moong, gram, pea, lentils, and khesari). The most commonly exported agricultural 

products are sugarcane, sesame, and rice.  

In 2018, Patna (Urban) had 174 industries, 22 of which were red category industries1. The 

predominant types of industries in Patna are leather, handicraft, and agro processing. Most of 

the industries are agglomerated at four industrial areas in and around PatnaɂPatliputra, 

Fatuha, MIP Bihta, and Bihta. The state government has taken several initiatives to increase 

the investment opportunities in medium- and large-scale industries. An Industrial Investment 

Promotion Policy was introduced in 2016 to address key issues like development of secondary 

infrastructure, adoption of state-of-the-art technology, development of domestic supply chain, 

and skill development.  

2.3 Existing policies/interventions in the state of Bihar   

Air-pollution exposure to humans has a spatial dimension because both the population density 

and the resulting pollutant concentrations vary over space. This creates a role for effective 

local policies that aim at reducing pollution levels in highly populated areas (OECD 2012). To 

improve air quality in Patna, BSPCB has implemented several policies suggested by the Central 

Pollution Control Board (CPCB). 

The existing policies implemented in different cities of India, including Patna, are as follows: 

¶ National Air Qu ality Monitoring Programme ( NAMP): The government is executing 

a nation-wide air quality monitoring  programme called the National Air Quality 

Monitoring Programme (NAMP). In this regard, the BSPCB has set up an online air 

quality monitoring system at IGSC Planetarium, Patna. Patna also has two manual 

stations reporting data on PM10, SO2, and NO2. 

¶ Forty -two action point s: A comprehensive set of directions under section 18 (1) (b) 

of the Air (Prevention and Control of Pollution) Act, 1986 has been issued by the CPCB 

to ensure the implementation of 42 measures (action points) that aim to mitigate air 

pollution in major cities. This includes control and mitigation measures relating to 

vehicular emissions, resuspended particles of road dust, and other fugitive emissions, 

biomass and municipal solid waste burning, industrial emissions, construction and 

demolition activities, and other general steps contributing  to air pollution. The 

directions containing 42 action points were issued initially for implementation in 

Delhi-NCR but were subsequently extended to State Boards for implementation in 

other non-attainment cities, including Patna. 

¶ Impetus on vehicular pollution : Bharat Stage IV (BS-IV) norms have been launched 

for mandatory implementation since 1 April 2017. The government has also proposed 

leapfrogging to BS-VI by 1 April 2020. Bharat Stage Emission Standards (BSES) are 

emission standards issued by the Government of India to regulate the output of air 

                                                             
1  Red category industries - industrial sectors having pollution index score of 60 and above 
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pollutants from internal combustion engines and spark-ignition engine equipment, 

including motor vehicles. 

¶ Cleaner technologies in brick kilns : The BSPCB has notified all brick kilns of Bihar 

to convert to cleaner technologies by 31 August 2019, in accordance with the High 

Court directive (CWJC no: 15962/2018). In this regard, BSPCB has issued the closure 

of 23% of total brick kilns in Patna, which were found violating the environmental 

protection rules (BSPCB, 2018). 

¶ Central Motor Vehicles Act (CMVA):  As per CMVA, electric rickshaws have been 

permitted in Patna in an effort to curb air pollution. 

2.4 Emission inventory  

An emission inventory (EI) accounts for the total emission load from various polluting sources 

in a given geographical area, within a particular time frame. An EI helps identify the most 

polluting sources in a city/state/region. It  is also used to estimate and project future emissions 

for various pollution control/reduction scenarios (ACAP, 2017).  

There is very limited information that can be accessed to conduct EI studies in Indian cities. 
This is also true for big cities like Delhi and Mumbai. Guttikunda et al. (2019) detail the 
architecture for conducting such studies in various cities of India and the resources accessed 
for various sectors. There are studies (such as Guttikunda et al., 2014) that discuss the 
uncertainties, gaps, and pathways for various sectors. 
 

2.4.1 Methodology  

The EI for the Greater Patna Region (GPR) was developed for an area of 60 km X 30 km for the 

year 2018. Various pollutants such as PM2.5, PM10, NOx, CO, SO2, CO2, and non-methane 

volatile organic compounds (NMVOCs) were considered in the EI. Although an inventory of 

NH3 emissions was not prepared, the NH3 emission data was extracted from the Task Force on 

Hemispheric Transport of Air Pollution (TF HTAP) (http://www.htap.org/ ) 2012 and the data 

was used after linear extrapolation. The EI was developed to estimate emissions from the 

transport  sector, domestic and commercial cooking, space heating, diesel generator (DG) sets, 

solid waste burning, industries, aviation, and dust from different activities (construction and 

road). The developed EI was also projected for the year 2030 under the business-as-usual 

(BAU) scenario. 

The EI was prepared by considering the various activities (A) in a sector that contribut es to 

the total pollution load in a city/state/region. Activities (A) , when multiplied by the respective 

Emission Factors (EF), provides an estimate of the emission load of any particular activity. 

This emission load is distributed in a 1 km X 1 km unit  of area in GPR. The sector-specific 

methodology for estimating the emission has been provided in the following sections. The 

model details and the architecture are detailed in Guttikunda et al., 2019. 

EI looks at pollutants at the source and does not include remote effects of pollutants or the 

effects of meteorology on pollutant concentration. Dispersion modelling has been used to 

address this gap.  
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Emission from transportation : For the transportation sector, the ASIF (Schipper L, Marie-

Lilliu, c., 2000) principle were used to estimate the emissions.  

Ὁ ὃ Ὓ Ὅ Ὂ  (2.1)  

 

Where,  

ET - Emissions from transportation  

A - Total travel activity,  

Si - Vector of modal share2,  

Ii - Energy intensity of each mode (i),   

Ὂ  - Sum of each fuel (j) in mode (i); the emission factors3 mentioned below are used to convert 

fuel used into emissions. 

 

The steps mentioned above have been repeated for all modes of transportation. The vehicle 

exhaust emissions factors are adjusted by vehicle type, deterioration of vehicle engine with 

age (corroborated with the PUC data from the city), and fuel type, along with local congestion 

levels. A database of average emissions factors for fleets is available in Goel & Guttikunda 

(2015) and also can be accessed at Urban Emissions 

(http://www.urbanemissions.info/publications) .  

 
The emissions estimated from the transportation sector have been adjusted for traffic 

congestion, which tends to increase emissions from vehicles. The methodology for estimating 

congestion rates in the city has been based on extracts from the Google Maps Direction API. 

For the city, 100,000 requests were made per day for 15 days to build the spatial and temporal 

speed maps, which were integrated into the emission calculations.  

 
To substantiate the methodology, a transportation survey was conducted at various petrol 

pumps in Patna in 2018, which helped us understand the vehicle characteristics (mode share, 

age, and fuel use).There are evaporative emissions also at the fuel stations, which adds to the 

VOC totals. Fuel sales information was also gathered as a part of this exercise. Table 1 presents 

the key results of the survey, and Annexure A contains the detailed results from the survey. 

 
Table 1: Key results - fuel transportation survey - Patna 

Vehicle type Vehicles  
surveyed (no.) 

Fleet average age 
(Years) 

% of vehicle older 
than 10 years 

Cars 2,832 5.9 16.1 

SUVs 1,603 4.5 5.9 

Motorcycles 4,038 4.9 11.2 

Autos / Tempos 1,265 5.3 6.7 

 
According to the data provided by the "ÉÈÁÒ ÇÏÖÅÒÎÍÅÎÔȭÓ transport department, the in-use 

vehicular population in Patna is around 1,437,562 as of 2018. Of the total registered fleet, two-

wheelers (70%) and passenger four-wheelers (13%) are the dominant ones. While projecting 

emissions for future years, the vehicle growth rate was obtained from the national road 

                                                             
2 Modal Share ɀ Percentage of travellers using a particular mode of transportation 
3 Emission Factor ɀ Mass emitted for vehicle km travelled 
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transport emission study, based on the sales projection numbers from the Society of Indian 

Automobile Manufactures (SIAM), New Delhi India. 

Table 2: Patna mode share  

Mode of journey Percentage (%) 

Walk 6 

Bicycle 22 

Motorcycle 21 

Car 4 

Auto 22 

Bus 21 

Cycle-rickshaw 4 
Source: (National Institute of Technology Patna, 2018) 

 

 

The aviation industry also contributes to the total emission load of the city. The emissions from 

this sector is considered to fall under the transportation ÓÅÃÔÏÒȭÓ emissions. Aeroplanes emit 

pollutants throughout their flight path. However, most flight paths are around 30,000 feet 

above the sea level and the dispersion occurs more quickly in high altitudes. Effective pollution 

occurs only during the LTO (landing and take-off) cycle, and hence, the emission from the 

aviation industry is estimated using the LTO cycle.   

Emission from  road dust resuspension  
 
Vehicular movement on the road triggers resuspension of dust. The dust portion includes on-

road resuspension of dust, which is also classified as non-exhaust PM emissions. The dust 

emissions are also linked to the local meteorology in the chemical transport model, to suppress 

any overestimation of resuspension during the rains.  

The resuspension of dust is dependent on the weight of the vehicle, silt load4, road surface 

type, and average rainfall. Data from street maps helped us to understand and identify the 

types of road (paved/unpaved) present in Patna. 

Emissions from i ndustry  
 

Primary information pertaining to industries were extracted from the annual survey of 

industries, while the information on industriesȭ ÅÍÉÓÓÉÏÎÓ was estimated based on fuel 

consumption (Ministry of Statistics and Programme Implementation5). This has been 

corroborated with the information provided by line departments. Google Earth imagery for 

every grid in air shed area was used as a reference to locate the industries.  

 

Major industries in Patna constitute the metal-fabrication industry, brick kilns, and the textile 

industry. While most of the industries rely on grid electricity for their energy needs, a few are 

forced to use in-situ DG sets because of frequent power outages. Information on various 

technologies implemented in industries was obtained from reports and literature review. This 

data on technologies used has been incorporated while estimating emissions for future 

scenarios. 

 

                                                             
4 Silt load ɀ Amount of dust present per unit area on the road 
5 Ministry of Statistics and Programme Implementation, Government of India, at 
http://mospi.nic.in/Mospi_new/site/India_ statistics.aspx?status=1&menu_id=43 

http://mospi.nic.in/Mospi_new/site/India_statistics.aspx?status=1&menu_id=43
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Besides the traditional manufacturing industries, Patna has brick kiln clusters around the city. 

Brick manufacturing includes land clearing6 for sand and clay, combustion of fuel for baking 

bricks, operation of diesel engines on-site, and transport of the end product to various parts 

of the city. The conventional technology used by brick manufacturers is a fixed chimney kiln 

(FCK). The fuel used in FCKs varies from agricultural waste and biofuels (cow dung and wood) 

to fossil fuels like coal and heavy fuel oil7.  

 
Figure 3:  Brick kiln clusters in and around the greater Patna region 

Source: (Guttikunda and Jawahar, 2014) 
 

These FCKs are known for their low capital cost (land cost, cost incurred to set up the kiln, 
chimney cost, etc.), lower fuel consumption, and a production capacity of 20,000 to 40,000 
bricks per day. Figure 3 highlights the location of various brick kiln clusters that were 
considered when estimating the pollution load in the emission inventory (Guttikunda and 
Jawahar, 2014). Industries were clubbed into 16 major categories8 (Annexure A) to further 
assist in the calculation of emission/pollution analysis. 
 
Emissions from domestic sector  

Domestic-sector emissions are based on fuel consumption (coal, wood, kerosene, and LPG) 

estimates for cooking, heating, and lighting. Grid -level fuel usage in households was estimated 

based on census statistics9. According to Census 2011, 29% of households use non-LPG stove 

for cooking and heating. The dominant fuel in the city is LPG. Apart from LPG, fuels such as 

coal, biomass, and agricultural waste are used in slum areas, restaurants, and areas outside 

the municipal boundary. Gridded population data was obtained from the Gridded Population 

of the World and Global Rural and Urban Mapping Project (2010)10. It is assumed that while 

high-density areas (highly urban areas) most likely utilise LPG, low-density areas utilise a mix 

of fuels. The 2011 LPG consumption rates in the domestic sector were adjusted based on 

                                                             
6 Land clearing: The process of removing trees, stumps, brush, stones and other obstacles 
7 Heavy fuel oil: It is the remnant from the crude oil refining process.  
8 Industry types from ASI database was used to club the industries into 16 major categories.  
9 Household energy usage in India, Database maintained by the Institute for Financial Management and 
Research, Chennai, India @ http://www.househol denergy.in  
10 GRUMP (2010) - Gridded Population of the World and Global Rural and Urban Mapping Project. Center for 
International Earth Science Information Network ( CIESIN) of the Earth Institute, Columbia University, New 
York, USA @ http://sedac.ciesin.columbia.edu 
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surveys (Jain et al., 2018; Jain et al., 2015) and monthly reports on new LPG connections 

provided by Bihar state (MoPNG & www.data.gov.in). 

Emissions from waste burning  

Garbage burning in residential areas emits a substantial amount of pollutants and toxins 

(Guttikunda and Jawahar, 2014). Waste burning is the most challenging source and also the 

most uncertain for estimating the emission load. Despite government authorities having 

banned solid-waste burning, citizens continue to violate the regulation. According to the city 

development plan submitted to the Jawaharlal Nehru National Urban Renewal Mission 

(JNNURM), PatnaȭÓ metropolitan area generates around 800 to 900 tonnes of solid waste per 

day. This generated waste is transported to collection centres, and from there the waste is 

taken to a landfill facility.  Total solid waste collected and treated in Patna is 770 tonnes per 

day. The estimation of emissions from waste burning was conducted by multiplying the 

quantity of waste burned with its emission factor.  

Emissions from power sector  

There are no power plants in the immediate vicinity of the GPR. The nearest power plant is 60 

km east of Patna city. While most of the ÃÉÔÙȭÓ electricity needs are met by the coal- and gas-

fired power plants situated to the south of the city (closer to the coal mines), a large proportion 

of mobile phone towers, hotels, hospitals, malls, markets, large institutions, apartment 

complexes, and cinemas supplement their electricity needs with in-situ DG sets. The total 

diesel consumption in the in-situ generator sets is estimated at 7 Petajoule (PJ), approximately 

10%ɀ15% of the total energy consumption in the transportation sector (Guttikunda and 

Jawahar, 2014). 

Anthropogenic activities increase with  an increase in population. Hence, population growth 

rate (census data) was considered while estimating emissions from the domestic sector, 

construction activities, brick demand, diesel usage in the generator sets, and open waste 

burning. 

Dispersion modelling  

Dispersion modelling is performed to understand the physical and chemical transformation of 

air pollutants over a geographical area. Advection of the pollutant refers to a kind of physical 

transformation that depends on the topography of the area, meteorological conditions, and the 

ÐÏÌÌÕÔÁÎÔȭÓ wet and dry deposition. Area-specific meteorology plays an important role as it 

influences the transport and vertical mixing of pollutants. There are different types of 

dispersion models available, based on complexity and computational needs. Comprehensive 

Air Quality Model with Extensions (CAMx) was used to analyse the air quality of Patna.  

The 3D meteorological parameters from Weather Research and Forecasting (WRF), along with 

the estimated emissions load of each of the grid points, have been included as inputs to the 

model. Pollutant concentration is the model output. Concentration is the amount of pollutant 

matter present in a unit volume of ambient air. It is generally expressed in microgram per 

cubic meter (µg/m3) or part per million (ppm). Concentration values are important as they 

help identify changes in air pollutant concentrations over time. These values are also the basis 

for evaluating the effectiveness of existing controls and a way of identifying the sources of 

possible problems for the futur e (P. Brimblecombe, 2011).  The detailed model formulation 
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and meteorological parameters considered in the study can be accessed from Guttikunda et al. 

(2019). 

Model validation  

The model was validated using monitoring data from BSPCB monitoring stations in Patna for 

the year 2017-2018. This was carried out for the hindcast results as well as the forecast mode 

(updated every 30 minutes). Figure 4 presents the modelled and measured values of PM2.5. 

 

2.4.2 Results  

It was found that sectors like transport, domestic fuel consumption, open garbage burning, 

road and construction dust, industries, DG sets, and aviation are contributing  to the total 

pollution load in Patna. The contribution of these sectors varies drasticallyɂfrom 4% to 32%. 

Black carbon, NOx, CO, SO2, CO2, PM2.5, PM10, and non-methane volatile organic compound 

(NMVOCs) emissions were estimated for all the sectors contributing to pollution in the city 

(See Annexure C).   

The PM10 and PM2.5 sectoral emission loads were estimated for 2018, based on the primary 

and secondary data collected for different sectors. The sectoral emission loads were also 

projected until 2030, based on the growth rates of different sectors. 

Figure 5 presents PM2.5 emissions projected for the period between 2018 and 2030 (under 

the BAU scenario) from various sectors contributing to pollution in the city. The year 2018 is 

considered as the base year for the emissions estimation. The total PM2.5 emission load for 

2018 is estimated to be 20,000 tonnes. The major contributors of pollution in Patna are 

transportation, domestic, and industry, with  a share of 19%, 22% (including cooking, heating, 

and lighting), and 28% (including brick kilns and industries) respectively. The total 

contribution from these sectors amount to around 69% of the total emissions. Open waste 

burning and dust account for 11% and 15% of the emissions, respectively. 

Figure 4: Modelled vs measured PM2.5 



Comprehensive Clean Air Action Plan for the City of Patna 

  
  19 

 

Figure 5: PM2.5 emissions (BAU) 

The total PM2.5 emission load estimated for 2030 is around 28,000 tonnes/year (around 40% 

increase from the base year 2018) (The various scenarios are explained in Section 5). The 

major contribution of emissions in Patna for 2030 is estimated to come from the 

transportation sector (25%) and industries sector (25%), followed by the domestic sector 

(16%) (includes cooking, heating, and lighting), dust (16%), open waste burning (12%), and 

DG sets (5%). Based on our estimates, PM2.5 emissions from the transportation  sector will 

likely increase by 88% in 2030, in comparison with the 2018 levels.  

The increase in emission load from the transportation sector is mainly attributed to vehicular 

and economic growth, estimated to increase by 88% in 2030 under the BAU scenario. 

Similarly, the increase in emission load from the domestic sector is attributed to solid fuel 

burning, which is estimated to increase by  5% in 2030 from the baseline (2018). The domestic 

survey revealed that people still use traditional chulhas for cooking in a few parts of the city, 

because of inadequate refilling stations nearby and the ease of freely available solid fuel. The 

number of households using solid fuel for cooking remains almost constant till 2030, and 

hence the percentage increase in emissions from the domestic sector is relatively low (CEED, 

2016). 

The emission load for the city does not include PM2.5 emitted outside the boundary, the 

influence of weather parameters (rainfall, wind speed, atmospheric mixing height, etc.), and 

the generation of secondary PM by atmospheric chemistry. In order to incorporate such 

factors, dispersion modelling is used to determine the concentration levels in the city.  

Concentration levels in the city were estimated for 2018ɀ2030 using the emission inventory 

prepared for Patna city. Figure 6 presents monthly estimates of PM2.5 concentration levels in 

Patna for 2018 (BAU). It is observed that the concentration levels are high (above 150 µg/m3) 

during the winter months (November, December, January, and February). The months of June, 

July, and August are relatively clean (compared with the winter months) with concentrations 

in the range of 20 to 100 µg/m3.  
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Figure 6: PM2.5 concentration levels (µg/m 3) (BAU-2018) 

Figure 7 presents the sectoral contribution (in range) of PM2.5 concentration levels for 2018. 

The transportation sectorȭÓ ÓÈÁÒÅ in pollution concentration levels ranges from 23% to 39%, 

whereas the contribution from  heating ranges from 0% to 25% (maximum of 25% during the 

winter season). Contribution from other sectors such as open waste burning and cooking is 

minimal (<10%) throughout the year. The contribution of construction and demolition dust is 

also significant, with a range of 7% to 12% across the year.  
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