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THE GREATER PATNA REGION 

 
The black lines indicate the major roads in the city and the major highways passing through the city. The red dots are the 
known brick kiln stacks, mapped from the Google Earth open source files for 2013. The shaded blue area is the river Ganges 
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EXECUTIVE SUMMARY 

 
 
As the capital of the state of Bihar, Patna is the largest city in the state with 2.1 million 
inhabitants. The municipality of Patna (Patna Nagar Nigam) consists of 72 wards and 
administers the city. According to the 2011 Census of India, 32% of the households own a 2-
wheeler motorcycle, 10% own a 4-wheeler car or jeep, and 29% of the households still use a 
non-gas stove for cooking and heating purposes in Patna.  
 

Figure E1: The Greater Patna region 

 
The black lines indicate the major roads in the city and the major highways passing through the city. The red dots are the 
known brick kiln stacks, mapped from the Google Earth open source files for 2013. The shaded blue area is the river Ganges 
 
The Greater Patna region has more than 30,600 operational industrial units. The industrial 
types range from metal processing to textiles, paper, agricultural processing, and 
pharmaceuticals, to paint manufacturing. The sand and brick earth industry are the most 
lucrative in the region, which is also supported by the growing construction industry. In 2010-
11, the official production of sand was 3,153,600 tons and brick earth 150,000 tons. The Bihar 
State Power Holding Company is the main supplier of electricity, with the demand for electricity 
supplemented by diesel generator sets. A 3,300 MW coal-fired power plant, commissioned in 
two stages with 1,980 MW in Barh I and 1,320 MW in Barh II, is under construction. This facility 
has been named as a 'mega power' project for Bihar, and is owned by Indian energy company 
National Thermal Power Corporation. This power plant is located approximately 140 km east of 
Patna and is expected to fully support the electricity demand from residential and industrial 
sectors in the city by 2015-16. 
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contribution of the southeast cluster is the highest to the urban parts. Among the diffused 
sources, domestic cooking and heating, open waste burning, construction activities, and  diesel 
generator sets, dominate the reminder of the sources 
 
The PM pollution in the greater Patna region is often above the national standards and the 
WHO guidelines; which is estimated to result in 2,600 premature deaths, 200,000 asthma 
attacks, and 1,100 cardiac admissions in 2012 and could reach 4,900 premature deaths, 
507,000 asthma attacks, and 2,850 cardiac admissions in 2030, if no control measures are 
introduced and enforced. We benchmarked the emission sources and following emission 
reduction strategies were considered (1) Emission control options for the brick kiln 
manufacturing – technology changes, landuse changes (relocation) and operational changes 
(raw material) (2) Introduction of cleaner fuel for the in-use vehicle fleet, which currently has 
access to only Bharat-3 type fuel (3) Improvements in the public- and para- transit systems and 
introduction of alternative fuel (CNG) for these modes (4) Targeting the diesel generator sets, 
with thermal power plant in Barh coming online to support the electricity demand in the city (5) 
Controlling dust resuspension on the roads and (6) Combination all the above five scenarios.  
 

Table E1: Evaluation of emission reductions and health benefits under various scenarios  
 PM10 concentrations in (μg/m3) Premature mortality 
 2012 2020 2030 2012 2020 2030 

Business as usual 124.6 152.6 217.1 2,600 3,450 4,900
Reduction Scenarios Scenario average (% reduction from BAU) Premature mortality reduced

 Brick Kilns   139.0 (8.9%) 197.6 (9.0%) 360 440
Fuel Standards  132.2 (13.4%) 175.7 (19.1%) 420 700

Public & Para Transit  142.0 (7.0%) 202.8 (6.6%) 280 360
DG sets  146.0 (4.3%) 201.9 (6.6%) 180 300

Road Dust  138.5 (9.3%) 190.7 (12.2%) 280 400
All Combined  115.2 (24.5%) 139.2 (35.9%) 880 (25.5%) 1,540 (31.5%)

 
Overall, the brick kilns and the road transport are the major contributors to the air pollution 
problems and the interventions discussed here can lead up to 35% reduction in the PM 
pollution and likely more reduction in the health impacts. However, it is important to note that 
these are speculative scenarios and often overlapping when they are implemented, and these 
estimated benefits can be verified only after the interventions are studied for their technical 
and financial feasibility to the fullest extent. Other sectors and interventions, which are equally 
important are (a) shift from the conventional fuels like coal and biomass in the domestic sector 
to a cleaner fuel like liquefied petroleum gas (LPG) and electricity (b) banning garbage burning 
in the residential and industrial sectors and improvement in the municipal waste management 
systems in the city and (c) an overall improvement in the efficiency of industries in the greater 
Patna region. 
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hospital admission linked to air pollution exposure. Chapter 6 presents scenario analysis for 
2020 and 2030, along with the description of the scenarios and possible benefits of these 
interventions up on implementation. We conclude with summary and recommendations for the 
future research works and feasibility studies in Chapter 7. 
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2.0 PATNA: CITY AT A GLANCE 

 
 
As the capital of the state of Bihar, Patna is the largest city in the state with 2.1 million 
inhabitants. The municipality of Patna (Patna Nagar Nigam) consisting of 72 wards, administers 
the city. The state of Bihar is part of the rich Indo-Gangetic plain, largely supported by 
agricultural activities and is among the states with the highest population density.  
 

Table 1: General characteristics of Patna, data based on 2011 Census 
 

Built-up area in the city (km2) 86 
per capita GDP (state) (INR) 38,000 
Urban population 2,100,000 
Population density (per hectare) 238 
% households with a two wheeler 32% 
% households with a four wheeler 10% 
% households with a non-gas cookstove 29% 
CEPI rating (rank) - 
Registered industrial units 12,230 
Total industrial units 30,600 
Registered medium-large industrial units 21 
No. of industrial estates 4 
Registered total vehicles (March 31st, 2011) 660,000 
National ambient monitoring stations 2 
PM10 in 2009-10 (μg/m3) 138.8 ± 84.4 
SO2 in 2009-10 (μg/m3) 5.3 ± 2.8 
NO2 in 2009-10 (μg/m3) 32.9 ± 18.8 

 
The ambient PM2.5 concentrations (Figure 3a) in the Indo-Gangetic plain are high and this 
overlaps with the highest population density (Figure 3b) in the country. This region also has the 
largest number of brick kilns with old and inefficient combustion technology, using a mix of 
biomass and coal for combustion. The states of Bihar, West Bengal, Jharkhand, Orissa, and 
Chhattisgarh harbor the largest coal mines in the country, and a cluster of power plants around 
the mines5. Several large power plants also exist in the states of Punjab, Haryana, Delhi, and 
Uttar Pradesh, making the north and north-eastern belt the most polluted. The cities in the                                                         5 An assessment of the air pollution impacts from the coal-fired power plants in India is available @ http://www.urbanemissions.info/india-power-plants  
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north are also landlocked, which are also affected by the prevalent meteorological conditions. 
The mixing heights during the winter months are very low compared to those observed in the 
summer months, hindering the dispersion of emissions6. 
 

Figure 3: (a) Ambient PM2.5 concentrations derived from the satellite observations 7 (b) 
Gridded population in India for 2011 8 

(a) (b) 

 
Figure 4: The study domain, the road network, and the brick kiln clusters in and around the 
Greater Patna region 

 
The black lines indicate the major roads in the city and the major highways passing through the city. The red dots are the 
known brick kiln stacks, mapped from the Google Earth open source files for 2013. The shaded blue area is the river Ganges 
                                                         6 Guttikunda and Gurjar (2012). “Role of meteorology in seasonality of air pollution in megacity Delhi, India” @ http://rd.springer.com/article/10.1007/s10661-011-2182-8  7 Methodology on the satellite data retrievals and uncertainties is explained by van Donkelaar et al (2010). The report and data is available @ http://fizz.phys.dal.ca/~atmos/martin/?page_id=140  8 Grid resolution is 0.25° and gridded data is obtained from GRUMP @ http://sedac.ciesin.columbia.edu and adjusted to the 2011 state totals from Census @ http://censusindia.gov.in  
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To assess air quality, we selected 60km x 30km domain (Figure 4), which includes most of the 
industrial estates and brick kiln clusters in and around Patna. This domain is further segregated 
into 1km grids, to study the spatial variations in the emission and pollution loads. There is one 
coal-fired power plant, located farther from the city, which is not included in this study domain.  
 
Figure 5: Typical wind speeds and wind directions prevalent over the Patna city9 
 

 

 

 

 
 
Patna city lies on the southern banks of the river Ganges, and uniqueness is that it also sits on 
the banks of the smaller rivers of Sone, Gandak and Punpun. This is particularly important in 
shaping the economy and culture of the city, via rich aluvial soil deposits contributing to the 
dominant agricultural sector. It continues to be an important center for growth in Bihar and                                                         9 All the meteorological fields are obtained from National Centers for Environmental Prediction (NCEP), which archives data from 1948 @ http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html  
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generator sets. The total diesel consumption in the in-situ generator sets is estimated at 7 PJ, 
approximately 10-15% of the total energy consumption in the transportation sector. 
 
In the following figures, we present total emissions for the study domain for the period of 2012 
to 2030. All the emissions are projected from the base year 2012. For 2012, the emissions 
inventory results are summarized in Table 2. For reference, the estimated PM10 inventory for 
other cities in India in tons/year for the year 2010 was 38,400 in Pune, 50,200 in Chennai, 
18,600 in Indore, 31,900 in Ahmedabad, 20,000 in Surat, and 14,000 in Rajkot. The cities of 
Pune, Chennai, and Ahmedabad are comparable with Patna in geography, demography, and 
industrial activity.  
 
Table 2: Total emissions for the Greater Patna region for the base year 2012 
 PM2.5 PM10 SO2 NOx CO VOC CO2 
 tons tons tons tons tons Tons mil tons 
Transport 2,400 2,800 600 26,350 49,650 24,650 3.3 
Domestic 2,450 2,750 1,250 1,100 109,600 5,050 0.7 
Open Waste Burning 1,700 2,400 150 650 9,700 850 0.1 
Construction 400 1,950 50 550 650 50 0.1 
Manufacturing Industries 1,050 1,500 950 1,800 20,750 1,600 0.2 
Brick Kilns 2,350 3,250 1,200 2,400 40,600 4,300 0.3 
Generator Sets 650 750 200 13,700 14,300 5,350 0.8 
Road Dust 850 5,400      

Total 11,850 20,800 4,400 46,550 245,250 41,850 5.5 
 
For the projections to 2030, the growth rates are assumed as the following 

• The vehicle growth rate is assumed from the national road transport emissions study, 
based on the sales projection numbers from SIAM, New Delhi, India18 

• The industrial growth is projected according to the gross domestic product of the state 
• The domestic sector, construction activities, brick demand, diesel usage in the generator 

sets, and open waste burning are linked to the population growth rates according to the 
2011 census 

 
Since, there are many factors which influence the changes in a city’s economic, landuse, and 
industrial layout, the growth rates assumed should be considered as an estimate only. We used 
these estimates to evaluate the likely trend in the total emissions in the city, their likely impact 
on the ambient PM10 and PM2.5 concentrations, and health impacts through 2030. Also 
presented in Figure 11-14 are the estimated changing contributions of various sectors to the 
total emissions in the city for PM10, PM2.5, SO2, and CO, in 2012, 2020, 2025, and 2030. For PM 
emissions, the vehicle exhaust, brick manufacturing, diesel generator sets, open waste burning, 
road dust, and industries are the major contributors.                                                           18 The national road transport emissions study report is available  @ http://www.urbanemissions.info/india-road-transport  
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As expected the main share of emissions in the urban parts of the city (Region 1 and Region 2) 
are dominated by vehicle exhaust and resuspended road dust due to the movement of vehicles 
on the road, followed by domestic and industries. Note that the boxes represented in Figure 16 
are not administrative city boundaries, but cover the designated zones. For example, the city 
passed an ordinance for no brick kilns within the city boundary limits and those which were in 
the city limits have relocated. However, for the urban box (Region 1), we do see some 
emissions from the brick kilns, which is the result of modeling domain. While the brick kilns 
have relocated, their emissions and their contributions are still relevant for the observed air 
quality in the city. 
 
Overall, the emissions inventory estimation has an uncertainty of ±20-30%. Since, the inventory 
is based on bottom-up activity data in the city and secondary information on emission factors in 
India, there is some uncertainty associated with our estimates. In the transport sector, the 
largest margin is in vehicle km traveled and vehicle age distribution with an uncertainty of ±20% 
for passenger, public, and freight transport vehicles. The silt loading, responsible for road dust 
resuspension, has an uncertainty of ±25%, owing to continuing domestic construction and road 
maintenance works. In the brick manufacturing sector, the production rates which we assumed 
constant per kiln, has an uncertainty of ±20%. The data on fuel for cooking and heating in the 
domestic sector is based on national census surveys with an uncertainty of ±25%. Though lower 
in total emissions, open waste burning along the roads and at the landfills has the largest 
uncertainty of ±50%. The fuel consumption data for the in-situ generator sets is based on 
random telephone surveys conducted in other cities, to hotels, hospitals, large institutions, and 
apartment complexes, with an uncertainty of ±30%.  
 
Overall, based on the data available from various state departments for various activities in the 
city, this is considered as a representative emissions inventory. All the calculations and 
databases presented in this Chapter are also maintained in MS Excel workbooks, which will be 
updated as and when new data is available for various sectors. A copy of the calculators and 
tools will be available for distribution @ UrbanEmissions.info. 
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The model allows for multi-pollutant analysis in which each of the primary emissions are 
modeled separately due to differences in their physical and chemical characteristics and 
aggregated for total PM pollution over the city. This includes chemic conversion of SO2 to 
sulfates and NOx to nitrates22. The total PM10 concentration comprises of all the sub-fractions 
(PMcoarse+PMfine+SO4+NO3) while the total PM2.5 concentration comprises of the finer sub-
fractions only (PMfine+SO4+NO3), thus providing a multi-pollutant aspect to the PM pollution. 
The meteorological data utilized for the dispersion modeling is presented in Figure 5 & 6. 
 
For the Greater Patna region, the ambient concentrations were modeled for the base year 
2012, along with the estimated contributions of various sources is presented in Figure 18 for 
PM10 and Figure 19 for PM2.5, and for the projected years 2020 and 2030 in Figure 21. 
 
Conclusions from the dispersion modeling exercise, for the base year 2012 are 

• The PM10 concentrations averaged 140μg/m3 over the urban Patna region. The 
transport sector and the on-road resuspension are the primary contributors. This is due 
to (a) growing number of vehicles on the road and (b) growing congestion rates, 
compounding the total emissions and exposure rates 

• While the clusters of the brick kilns were more than 10km away from the main city 
center, contributions of up to 11% are observed in the city center 

• With the majority of the wind fields originating from the southeast, we believe that the 
contribution of the southeast cluster is the highest to the urban parts 

• Among the diffused sources, domestic cooking and heating, open waste burning, 
construction activities, and  diesel generator sets, dominate the reminder of the sources 

 
The measured annual average PM10 concentrations at a monitoring station near BSPCB 
averaged 140μg/m3 and a station near the Gandhi Maidan averaged 180μg/m3. The area 
surrounding the Gandhi Maidan experiences dense traffic during the day, and being a 
playground, there is also a lot of elevated dust in the neighborhood, which explains the highs 
measured in the vicinity. The modeled grid-average PM10 concentrations in Figure 18 and PM2.5 
concentrations in Figure 19 show a high of 166μg/m3 and 112μg/m3, respectively.  
 
The WHO guideline for annual average PM10 is 20 μg/m3 and annual average PM2.5 is 10μg/m3.      

                                                        22 These rates are specified in the model input file and user has an option to either use the default value or change it accordingly. No chemical transformation is applied to direct PM emissions.  
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population for the city and summarized below for 2012 (the baseline year) and under the 
business as usual scenarios for 2020 and 2030.  
 
Table 3: Additional health impacts due to ambient PM2.5 concentrations in Patna 
 

 Premature mortality Asthma attacks Cardiac admissions 
Year 2012 (base year) 2,600 200,000 1,100 
Year 2020 (business as usual) 3,450 295,000 1,650 
Year 2030 (business as usual) 4,900 507,000 2,850 
 
For comparison27, we estimated 7,350 to 16,200 premature deaths per year for the city of Delhi 
in 2010. For cities similar in size to Patna, the estimated premature mortality was 3,600 for 
Pune, 3,950 for Chennai, 3,700 for Hyderabad, and 4,950 for Ahmedabad. An international 
study, estimated 14,700 premature deaths for Dhaka, 14,100 for Cairo, 11,500 for Beijing, and 
11,500 for Delhi for the year 2000. 
 

                                                        27 All the case study reports are available @ http://www.urbanemissions.info  
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6.0 2020-2030 Scenario Analysis  

 
 
Following the sectoral analysis of the emissions and concentrations for the baseline year 2012 
and the projected emissions through 2030 under the business as usual scenario (Chapter 4 and 
Chapter 5), emission reduction scenarios were developed, based on discussions with the local 
experts. Details of the scenarios are discussed in this Chapter, along with a summary of changes 
in the ambient concentrations and the health impacts in 2020 and 203028.  
 
The projected emissions in Figure 11-14 and the modeled concentrations in Figure 21 for 2020 
and 2030 are here-on used as the baseline for the scenario analysis. The percentage change in 
between the business as usual and the control scenario, for the modeled PM10 and PM2.5 
concentrations is similar. Hence, all the scenario figures are presented for PM10 pollution only. 
However, results are also available for PM2.5 pollution, which currently has limited 
measurement scope in Patna.  
 
The 2020 and 2030 scenarios evaluated for the Greater Patna region are 

1. Emission control options for the brick kiln manufacturing – technology changes,  landuse 
changes (relocation) and operational changes (raw material) 

2. Introduction of cleaner fuel for the in-use vehicle fleet, which currently has access to 
only Bharat-3 type fuel 

3. Improvements in the public and para transit systems and introduction of alternative fuel 
(CNG) for these modes 

4. Targeting the diesel generator sets, with thermal power plant in Barh coming online to 
support the electricity demand in the city 

5. Controlling dust resuspension on the roads 
6. Combination all the above five scenarios 

  

                                                        28 All the scenarios discussed in the study are hypothetical, with reasonable assumptions, based on available data. For the feasibility of any likely projects under these scenarios, we need further surveys and scrutiny of what is possible 
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Scenario 01 – Brick Kilns 
 
Under this scenario three concepts were combined for the brick manufacturing sector. 
 
Firstly, relocation of the southeast brick kiln cluster in Figure 4. This cluster was targeted as the 
case study, depending on the prevalent wind patterns in the region (Figure 5) and their 
influence on the air quality in the Patna’s urban area (Figure 18-19). The decision on the new 
location of the kilns is not certain, but based on discussion with the experts29, their new 
location could be father south or farther east of the current location and away from the river. 
This is expected to minimize their overall impact on city’s air quality. It is assumed that the brick 
kilns in this cluster will seize operations from 2015 and others will continue to operate as is.  

Table 4: Comparison of technical and operational benefits and constraints of current and 
alternative brick manufacturing technologies 30 

Technology 
Fuel consumed per 

100,000 bricks 

Investment 
and 

operational 
costs (million 

USD) f 

Brick 
production 

capacity 
(million/kiln) 

Number of 
kilns 

required to 
produce 3.5 

billion bricks 

Average 
tons of CO2 

produced 
per 100,000 

bricks  

Average 
reduction in  

PM emissions 
compared to 

FCK 
FCK 20-22 tons coal 1.7 4.0 1000 50  

Zigzag 16-20 tons coal 1.6 4.0 1000 40 40% 

Hoffmann c 15,000-17,000 m3 NG 5.7 15.0 270 30 90% 

Hoffmann d 12-14 tons coal 5.7 15.0 270 30 60% 

VSBK e 10-12 tons coal 1.6 1.0-2.0 800 25 60% 
a. FCK = fixed chimney bull trench kiln; NG = natural gas; VSBK = vertical shaft brick kiln 
b. Manufacturing period for Hoffmann kilns is round the year, compared to the current non-monsoonal month 

operations for the other kilns; thus increasing the land and raw material requirements; Link to natural gas 
grid and continuous fuel supply is a major constraint 

c. Initial investments are higher for Hoffmann kilns 
d. Operational models are available in India and Kathmandu 
e. Costs include initial investment, land, building, operational, and taxes estimates; the production rates for 

these kilns is up to 5.0 million 
 
Secondly, shift from the FCK technology to the zigzag technology. The emission factoring tests 
conducted in India and Vietnam have shown that the improvement between these technologies 
can be as high as 70%31. Zigzag kilns, like the FCKs, are continuous in nature with batch output, 
with the firing circuit bent into a zigzag form. These kilns are divided into 16 or more chambers. 
Each chamber is connected to the next by a damper carrying hot gases from the fire. During                                                         29 Green Knowledge Solutions (New Delhi, India), whose expertise on the clay and alternative brick manufacturing technologies, shaped the brick kiln scenario for the Greater Patna region 30 Table extracted from “Health benefits of adapting cleaner brick manufacturing technologies in Dhaka, Bangladesh” @ http://link.springer.com/article/10.1007%2Fs11869-013-0213-z 31 Maithel S, Uma R, Bond T, Baum E, Thao VTK (2012) Brick Kilns Performance Assessment, Emissions Measurements, & A Roadmap for Cleaner Brick Production in India. Study report prepared by Green Knowledge Solutions, New Delhi, India 
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through 2020 and 2030. The results presented in Figure 22 and Table 5 is due to the 
combination of all three control concepts for the brick kiln manufacturing sector. Of the three, 
the likeliness of action is anticipated in this (a) conversion of the kilns to zigzag technology (b) 
introduction of alternative building material in the city and (c) relocation of the kilns from the 
current location. The last option is the difficult one to implement, due to the involvement of the 
land acquisition at the new location, re-building of the kilns and re-arranging the access routes 
for raw material. This is also the one with substantial benefits due to the prevalent wind 
patterns (Figure 5) in the region. While the barriers exist for all these options, the positive news 
is that all these options have been implemented elsewhere, for example in Delhi, where 
clusters of brick kilns were relocated outside of Delhi city limits, along with improvements in 
then technology in-use. 
 
Scenario 02 – Fuel and Vehicle Standards 
 
In India, two types of fuels are consumed – one for the major urban centers (which is currently 
Bharat-4 with a maximum sulfur content of 150 ppm) and one for the rest of the country (which 
is currently Bharat-3 with a maximum sulfur content of 350 ppm). The chronology of the 
introduction of Bharat stage fuels is presented in Table 6. The fuel supplied in the Patna city is 
Bharat-3.   

Table 6: Chronology of Bharat fuel and emission standards 
Standard Date Region
India 2000 2000 Nationwide
Bharat-2 (Ref: Euro-2) 2001 NCR, Mumbai, Kolkata, and Chennai 
 2003.04 NCR + 13 cities
 2005.04 Nationwide
Bharat-3 (Ref: Euro-3) 2005.04 NCR + 13 cities
 2010.04 Nationwide
Bharat-4 (Ref: Euro-4) 2010.04 NCR + 13 cities
 2012.03 NCR+ 13 cities + 7 cities
 2015 50+ cities
* NCR is the national capital region of Delhi, including Delhi and its satellite cities
** 13 cities are Mumbai, Kolkata, Chennai, Bengaluru, Hyderabad, Ahmedabad, Pune, Surat, 
Kanpur, Lucknow, Sholapur, Jamshedpur and Agra 
*** 7 cities are Puducherry, Mathura, Vapi, Jamnagar, Ankaleshwar, Hissar and Bharatpur 

 
While the staggered introduction of the fuel standards was beneficial for the major urban 
centers in the short run, the overall benefits are lost in transition. For example, the HDVs 
operating on diesel contribute significantly to PM emissions and often run on lower grade fuel, 
which can lead to failure of catalytic converters.  It is therefore imperative that “one nation, one 
fuel standard” norm is mandated for better air quality in all the cities.  
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compressed natural gas for the public- and para- transit systems in the city. The expected 
changes in the emissions and pollution loads are concentrated to the Patna’s urban area (Figure 
24), where we expect the largest number of commuters for public- and para- transit modes. 
 
Table 8: Summary of particulate pollution reductions under the public transit scenario 
 2012 2020 2030 
Modeled annual average PM10 concentrations (μg/m3)    

Business as usual 124.6 152.6 217.1
 Scenario average (% reduction from BAU) 142.0 (7.0%) 202.8 (6.6%)

Modeled annual average PM2.5 concentrations (μg/m3)    
Business as usual 84.8 105.9 157.5

 Scenario average (% reduction from BAU) 94.3 (11.0%) 137.7 (12.6%)
Estimated premature mortality cases  

Business as usual 2,600 3,450 4,900
 lives saved under the scenario from BAU, annually 280 360

 
The implementation of dedicated bus corridors, known as “bus rapid transport (BRT) system” is 
also among the priorities. The cities of Delhi, Ahmedabad, Jaipur, Pune, and Indore have 
implemented BRT projects with varying corridor lengths and the cities of Rajkot, Surat, Bhopal, 
Vijayawada, and Visakhapatnam have approved BRT projects. The para-transit systems have 
also benefited from the use of alternative fuels like CNG and LPG. In response to a Supreme 
Court mandate, the Delhi Government converted the entire three-wheeler fleet to CNG 
between 1998 and 2002, followed by similar initiatives in other cities like Patna. 
 
Scenario 04 – Diesel Generator Sets 
 
For the baseline emissions estimates (Figure 11-14), the share of emissions from the diesel 
generator (DG) sets is significant for all the pollutants, mostly from the industries, large hotels, 
large hospitals, institutions, and mobile towers. This is primarily fueled by frequent power 
shortages in the northern grid. The state of Bihar experiences a shortage of up to 15% in the 
peak demand.  
 
An alternative to DG sets is not simple. One option is to increase the number of power plants to 
meet the electricity demand and reduce the transmission losses or provide alternatives like 
renewable energy. On the other hand, tightening of the emission standards for DG sets, at par 
with the heavy duty vehicles can help control some emissions.  
With a new power plant commissioned in the vicinity of the Greater Patna region, we assumed 
under this scenario a reduction of 50% of the emissions from the DG sets, starting 2016. Under 
ideal conditions, with full support from the electricity grid, these emissions can be cut 100%. In 
2020, the expected reductions are concentrated in the Patna’s urban area and by 2030, when 
we are also expecting a change in the urban landuse, the reductions, under this scenario are 
also expected in the peri-urban areas. 
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The sectors contributing the most to the PM pollution are the brick kilns surrounding the city, 
vehicle exhaust emissions, vehicle idling emissions, re-suspended road dust, industries, fuel 
burning for domestic cooking and heating, open waste burning, and construction activities. We 
also analyzed multiple scenarios for the brick kilns and the transport sector. A summary of the 
modeled PM concentrations under the business as usual scenario and a combination of all the 
possible scenarios for brick kilns and the transport sector and the health impacts under each of 
the scenarios is presented in Table 12-14.   
 

Table 12: Reduction in PM10 pollution over Patna under various scenarios 
PM10 concentrations in (μg/m3) 2012 2020 2030 

Business as usual 124.6 152.6 217.1 
Scenario average (% reduction from BAU) 

Scenario - Brick Kilns 139.0 (8.9%) 197.6 (9.0%) 
Scenario – Fuel Standards 132.2 (13.4%) 175.7 (19.1%) 

Scenario – Public & Para Transit 142.0 (7.0%) 202.8 (6.6%) 
Scenario – DG sets 146.0 (4.3%) 201.9 (6.6%) 

Scenario – Road Dust 138.5 (9.3%) 190.7 (12.2%) 
Scenario – All Combined 115.2 (24.5%) 139.2 (35.9%) 

 
Table 13: Reduction in PM2.5 pollution over Patna under various scenarios 
PM2.5 concentrations in (μg/m3) 2012 2020 2030 

Business as usual 84.8 105.9 157.5 
Scenario average (% reduction from BAU) 

Scenario - Brick Kilns 95.1 (10.2%) 141.9 (9.9%) 
Scenario – Fuel Standards 87.5 (17.3%) 120.1 (23.7%) 

Scenario – Public & Para Transit 94.3 (11.0%) 137.7 (12.6%) 
Scenario – DG sets 99.6 (5.9%) 143.1 (9.1%) 

Scenario – Road Dust 93.6 (11.6%) 135.4 (14.0%) 
Scenario – All Combined 73.4 (30.7%) 89.4 (43.2%) 

 
Table 14: Summary of health benefits under various scenarios 
 2012 2020 2030 

Business as usual 2,600 3,450 4,900 
Premature mortality reduced 

Scenario - Brick Kilns 360 440 
Scenario – Fuel Standards 420 700 

Scenario – Public & Para Transit 280 360 
Scenario – DG sets 180 300 

Scenario – Road Dust 280 400 
Scenario – All Combined 880 (25.5%) 1,540 (31.5%) 

 
The two sectors (the brick kilns and the transport) are major contributors to the air pollution 
problems and the interventions discussed here can lead up to 35% reduction in the PM 
pollution and the likely health impacts in the city. However, it is important to note that these 
are speculative scenarios and often overlapping when they are implemented, and these 
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estimated benefits can be verified only after the interventions are studied for their technical 
and financial feasibility and operational to the fullest extent. 
 
Also, there are other sectors, which are equally important (and not studied in this report), 
which can further reduce the air pollution levels in the city are 

• A 100% shift from the conventional fuels like coal and biomass in the domestic sector to 
a cleaner fuel like liquefied petroleum gas (LPG) and electricity 

• A 100% shut down of the diesel generator sets in the city, which is feasible only by 
improving the power generation and transmission lines to the city 

• A 100% control on the waste burning in the residential and industrial sectors and 
improvement in the municipal waste management systems in the city 

• An overall improvement in the efficiency of industries in the greater Patna region. 
 
Improving Information for Air Quality Analysis 
 
Overall, the issue of air quality is a primary concern and needs immediate attention. During the 
analysis, the following activities are identified, which can further improve the overall 
confidence in the emissions and pollution load assessment 

• An enhancement of the air quality monitoring network. Currently, there is a continuous 
monitoring system operational at the BSPCB premises. This network needs to be 
expanded to cover 4-5 more locations in the city, for better representation of the 
ambient air quality measurements, with the data available in the public domain for all 
the criteria pollutants 

• The information utilized for emissions and pollution load assessments for Patna, is from 
the secondary sources such as reports from various ministries and academic literature. 
No primary surveys or measurements were conducted in the city. A series of surveys at 
the domestic and industrial sectors, will be beneficial in improving the confidence levels 
and to better understand the energy consumption pattern in the city 

• Similarly, for the on-road characteristics, surveys to better understand the movement of 
vehicles (speeds and congestion times on road), vehicle usage, and vehicle mileage, will 
further enhance the vehicle exhaust emissions analysis, which is one of the key 
contributors in the city  

•  A source apportionment case study with sampling at least four mixed locations over an 
extended period of time, similar to the experiment carried out by CPCB in six other cities 
in India, will help scientifically ascertain the contribution of various sources to the PM 
pollution in the city 

• The interventions discussed in this study are speculative in nature and often overlapping 
with other sectors. The estimated benefits can only be verified after the interventions 
are studied for their technical and financial feasibility, which should be carried out by 
appropriate authorities. 
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