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report dated 06/07/2020 before this Hon'bie Tribunal 

(hereinafter 'the Report'). 

3. It is submitted that the Report has several glaring and seif­

evident errors, inconsistencies and gaps, which render the

report unusable for taking any decision affecting the

operation of brick kilns. These deficiencies have been

pointed out hereinbelow, in no particular order.

I. ASSUMPTION OF 1000 KG EMISSION LOAD IS

BASELESS 

4. A fundamental assumption, which affects all aspects of the

report, is made on page 9 of the report, which is

"Emission load from brick kiins having capacity of 30000 

bricks/dayf considering stack PM emission of 250 mg/Nm3 at 

17% 02: 1000 Kg/day/' 

5. The baselessness of this assumption can be demonstrated

in numerous ways, using CPCB's own reports/studies/data.

If this assumption is considered true, then emissions from

brick kilns atone would account for more than 100% of the

total emissions of numerous districts, which is obviously

an absurdity.

Some of the brick kiln owners of Haryana after having the

report of CPCB in pursuance to the orders of this Hon'ble

Tribunal for the purposes of calculating the standard of Air

quality  approached  expert  opinion  and  the  same 

are being given here in below as the geographical situation 

ofHaryana and NCR is same. 















Volumetric flow rate Emission load per NrrC 

4,22,664 Nm3/day x 83mg or 0.000083kg = 35kg/day 

Proportionally, zig-zag brick kiln producing 30,000 bricks will be 

23kg only (35kg x 30,000/45,000). 

Even if the variables are revised upwards, within the margin of 

error and reason, this figure will still be lower than 50kg, and 

much lower than the 1000kg assumed by CPCB. 

14. Even as per other methods (such as calculations based on 

emission factor, or calculations based on combustion principles}, 

the emission load for zig-zag brick kilns is stiil in range of 20-25 

kg per brick kiln. 

15. With this data, if contribution of brick kiins to total PM is 

calculated, it will be found that brick kilns contribute 1 % of the 

total PM emissions. 

II. INADEQUATE AND INCORRECT METHODOLOY FOR

DETERMINATION OF CARRYING CAPACITY 

16. The method adopted in the Report for determination of 

carrying capacity of different areas in NCR is inadequate and 

inconsistent with CPCB's own earlier approach for determination 

of carrying capacity. It is excessively simplistic and unreliable. 

1 7. In the past, the CPCB in various reports filed before this 

Hon'ble Tribunal, has relied upon a Box Model for determination 

of carrying capacity (refer to CPCB's report dated 14/11/2019 in 

OA no. 681 of 2018 at page 30 of the filing, and CPCB's report 

filed In compliance of order dated 08/03/2019 in OA no. 568 of 

2016 at internal page 2 of that report.  



Jo 

This model takes into account numerous critical factors which 

affect the carrying capacity of an area, which are completely 

absent from the Report in the present matter, including 

meteorological data, such as wind speed. That model takes into 

account dispersion to determine allowable emissions as well. 

Even then, the CPCB has acknowledged that this Box Model has 

several limitations and can be used only for the purpose of 

demonstrating a framework, preliminary analysis and broad 

estimates of carrying capacity, the model may provide broad 

estimates of carrying capacity. 

By comparison, the CPCB's approach in the current Report is 

even more simplistic and unreliable than the box model, since 

their analysis has no dispersion modelling at all. 

18. Therefore, the carrying capacity analysis m the Report 

cannot be relied upon for any regulatory purposes whatsoever. 

III. SKEWED AND ABSENT AIR QUALITY DATA

19. The districts in NCR are very large by area, and in many 

cases larger than Delhi. For most of these districts, CPCB has 

only one air quality monitoring station. Some districts don't have 

even one monitoring station. These monitoring stations are 

located in urban and industrialized areas of these districts, 

whereas brick kilns are undisputedly located away from urban 

centres, in more rural areas ( on account of cheapness of land and 

other logistical reasons). 





indicate the districts for which this extrapolation exercise has 

been carried out. In view of the unsound methodology and 

incorrect assumptions made throughout the report, it cannot be 

presumed that this extrapolation would be correct, without 

further explanation as to how it was done. 

25. Similarly, the data and method used to determine mixing

height is missing In the report, which leads the inference that 

even this is based on assumptions. 

Therefore, it is submitted that the Report dated 06/07/2020 

submitted by the CPCB before this Hon'ble Tribunal, cannot be 

relied upon by this Hon'ble Tribunal for the purpose of regulating 

the operation of brick kilns, or for any other purpose. It is 

accordingly prayed. 

VERIFICATION 

Verified at on this 1st day of October 2020 that the 

contents of the above affidavit are true and correct to my 

knowledge, that no part of it is false and that nothing material 

has been concealed therefrom :;gimr-£1------
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August 30th, 2020 

To, 
The President 
Haryana Pradesh Brick Kilns Owners Association 

Sub: Emission Load (kg of PM/day) for an ordinary FCBTK and Zig-Zag High 
Draught Kiln of 30,000 brick/ day production capacity 

Dear Sir, 

This has reference to your query regarding the assessment of Emission Load (kg of 
PM/day) from an ordinary FCBTK and Zig-Zag High Draught Brick Kiln of 30,000 brick/day 
production capacity. 

The explanatory note on the assessment is attached as Annexure 1. The assessment is 

based on data taken from the Government sources (CPCB & the Bureau of Energy 
Eficiency) and peer-reviewed scientific papers. The results of the Emission Load 
calculations are as follows: 

a) FCBTK: For FCBTK of 30,000 brick per day production capacity, the Emission Load 
calculated based on measured data as reported in the three studies varies between 
72.9 to 107 kg/day. 

b) High Draft Zig-Zag Kiln: The Emission Load calculated based on measured data 
as reported in the two studies varies between 21.6 to 23.0 kg/day. 
Further, theoretical combustion calculations using the Specific Energy Consumption 
(SEC) data and 250 mg/Nms of PM in flue gases at 17% Oxygen concentration 
(draft Emission Standards notified by MoEFCC), the calculated Emission Load 
varies between 27.25 to 38.94 kg/day. 

All the reference papers are also enclosed as Annexures 2-4 

Yours Sincerely, 

(Sameer Maithel) 
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Annexure 1: Note on Emission Load (kg of PMi0 emitted per day from one brick kiln) 
1.1 Introduction 

Three studies, including a past CPCB study and two peer reviewed scientific papers on the subject were reviewed to calculate the Emission Load for FCBTK and High Draft Zig- Zag Kiln. The results of a theoretical analysis to calculate Emission Load for the High Draft Zig-Zag Kiln are also presented. 
1.2 Reference 1: Presentation "Brick Kilns in India" by Mr J. S. Kamyotra, Director, CPCB at Anil Agarwal Dialogue 2015: Poor in Climate Change, India Habitat Centre, New Delhi, March 11-12, 2015. (http://cdn.cseindia.org/userfiles/JS-kamyotra.pdf) accessed on 20th August 2020 and attached as Annexure 2). 

The presentation was based on a country-wide study carried out by the Punjab State 
Council for Science and Technology (PSCST) to measure the environment performance of brick kilns for the Central Pollution Control Board (CPCB). 
Page number 18 of the presentation provides the results of the measured volumetric flow 
rate (Nm'/hr), measured SPM (mg/Nm3) and production capacity (bricks/day) for FCBTK 
kilns operating in North Zone. Similarly, page number 20 of the presentation provides the 
same results for the Zig-Zag High Draught kilns operating in the North zone. With this 

data it is now possible to calculate the Emission Load using Equation 1. The data 
referenced from the presentation along with the results of the calculations are shown in 
Table 1. For the calculations, average values of volumetric flow rate of flue gases and 
concentration of SPM in flue gases has been used. 

Emission Load (kg/day) = Concentration of PM in stack gases (mg/Nm) x Volumetric 

Flow Rate of Stack Gases (Nm/day) . (Equation 1) 

Table 1 Calculated Emission Load based on CPCB presentation 

Emissio 

Emissin Load 
for on 

30,000 
[A]X[B] brick per 
x24/10 day 

capacity 

Load 
Concentration of 

Volumetric flow rate of flue SPM in flue gases 

(mg//Nm) 
Avg 

Min Max 

Production capacity 
(brick per day)_ gases inStack (Nm°/n) 

Avg 
TAL Min Max B|Min MaxX Avgkg/day kg/day 

FCBTK 
(North India 

-C 
FCBTK 

11115 16040 13,578 102 688 395 32000 40000 36000 129 107 

(North India- 

Biomass) 
High Draft 
Zig-zag kiln 

(North-Coal)| 11377 

14487 25938 20,213 140 374 257 36000 40000 38000 125 98 

23845| 17,611 49 116 83 30000 60000 45000 35 23 
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Sample calculations 
For the High Draft Zig-Zag kiln (North-Coal) 

a) Average volumetric flow rate of flue gases in Stack = 13,578 Nm/h 

b) Average Concentration of SPM in flue gases = 83 mg/Nm 

c)Emssion Load (average production capacity of 45,000 brick/day) = 135/8 x 83x 

24/1000000 35 kg/day 
d) Emission Load for average production capacity of 30,000 brick/day 35 x 

(30,000)/(45,000) = 23 kg/day 

Results 
a) In case of FCBTK, the Emission Load for a kin producing 30,000 bricks per day is 

calculated to vary between 98-107 kg/day. 

b) For High draft zig-zag kins which are more efficient and less polluting, the 

Emission Load is much iower compared to FCBTK and is 23 kg/day. 
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1.3 Reference 2: Research paper published by The Energy and Resources Institute 
(TERI). R Suresh, Sachin Kumar, Richa Mahtta, Sunit Sharma. Emission Factors for 
Continuous Fixed Chimney Bul's Trench Kiln (FCBTK) in India. International 
Journal of advanced Engineering, Management and Science, Vol-2, Issue-6, June-

2016, page 662-670 (attached as Annexure 3) 

This research paper presents the results of emission monitoring of 10 FCBTKs using coal 
as fuel located at Varanasi. The main objective of the paper was to estimate the Emission 

Factor for particulate matter (g of PMIkg of fired brick) for FCBTK. The paper concludes 
that for the monitored FCBTKs, the Emission Factor for PM emissions derived per kg of 

fired brick ranged between 0.81- 1.18 g of PM/kg of fired brick. The Emission Factor can 

be used to calculate the Emission Load and is shown in Table 2. 

Emission Load (kg/day) Emission Factor (g of PM/kg of brick) x Number of bricks 
produced per day x weight of one brick (kg)/1000-(Equatic 

Table 2 Calculated Emission Load based on TERI paper 

Emission Factor (g 
of PM/kg of fired 

brick) [A 
Min 

Production 
Capacity 
B 
brick/day Ko/brick Min Max 

Emlsslon Load 

Weight of | (kg/day) 
brick [C AxB]x[C/1000 

Max 
FCBTK (100 
kilns coal fired 

at Varanasi) 0.81 1.18 30,000 3.00 72.9 106.2 

The capacity of the kiln is taken as 30,000 brick per day and the weight of fired brick is 
taken as 3.0 kg/brick. 

Sample Calculation 
a) Emission Factor (Min) = 0.81g of PM/kg of fired brick 

b) Weight of bricks produced in a day = 30000x 3 90,000 kg/day 

c) Emission Load (kg/day) = 0.81 x 91,000/1000 72.9 kgl day 

Results 
The Emission Load for FCBTK ranged from 72.9 106.2 kg/day which is comparable to 
the results of the CPCB-PSCST study. 
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1.4 Reference 3: Research paper published by researchers from University of Illinois (USA), Enzen Global Solutions (India) & Greentech Knowledge Solutions (India). 
Uma Rajarathnam, Vasudev Athaly, Santhosh Ragavan, Sameer Maithel, Dheeraj Lalchandani, Sonal Kumar, Ellen Baum, Cheryl Weyant, Tami Bond. Assessment of air pollutant emissions from brick kilns, Atmospheric Environment, 98 (2014) 549-553 (attached as Annexure 3) 

This research paper presents the results of emission monitoring of 17 brick kilns. Out of which there are 5 FCBTKs using coal as fuel and 3 High Draft zig-zag kilns. Like the TERI paper, the paper presents the results in the form of Emission Factor for particulate matter (g of PM/kg of fired brick). The paper concludes that for the monitored FCBTKs, the mean Emission Factor is 0.89 g of PM/ kg of fired brick and for the High Draft zig-zag kiln the mean Emission Factor is 0.24g of PM/ kg of fired brick. The Emission Factors can be used to calculate the Emission Load using Equation 2 and the results are shown in Table 3 

Table 3 Calculated Emission Load based on Uma et al paper 

Mean Weight 
Emission Production of Emission Load 

(kg/day)_ Factor (g/kg)_ 
0.89 

Capacity 
30,000 

brick 
80.1 FCBTK(5 kilns) 

High Draft zig-zag (3 
kilns) 

3.0 

0.24 30,000 3.0 21.6 

The capacity of the kiln is taken as 30,000 brick per day and the weight of fired brick is taken as 3.0 kg/brick. 

Results 
The Emission Load for PM for FCBTK was calculated as 80.1 kg/day and for High draft 
zig-zag as 21.6 kg/day for 30,000 brick per day capacity. 

1.5 Theoretical Calculations of Emission Load based on Combustion Principles 
The presentation by Mr Kamyotra (Reference 1) provides data on the Specific Energy Consumption (SEC) of Zig-Zag kilns to vary between 0.91 MJ/kg to 1.15 MJ/kg. Another 
report by the Bureau of Energy Efficiency (BEE), Government of India', reports SEC of 

https://beeindia.gov.in/sites/default/files/Brick?620Sector620Market%20Transformation%20Blueprint BE%281 2629.pdf 
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Zig-Zag kilns to vary between 0.95 to 1.3 MJ/kg. Thus, the minimum value of SEC 

reported is 0.91 MJ/kg while the maximum value is 1.3 MJ/kg. 
Let us assume a High Draft zig-zag kiln producing 30,000 brick per day (weight of fired 

brick taken as 3.0 kg/brick) is using Raniganj coal having Gross Calorific Value (GCV) of 
6000 kcal/kg (25.08 MJ/kg). The ultimate analysis of coal is given in Table 4. 

Table 4 Ultimate Analysis of Coal Sample and Stoichiometric Air Requirement 

Component 
Ash 
Carbon 
Hydrogen 
Nitrogen 

Sulphur 
Oxygen 
Moisture 
Stoichiometric 

Mass Fraction (% by mass on as receivedbasis)_ 
20.6 % 

58.2 % 
4.8% 
1.1% 
0.5% 
7.4 % 

| 8.0 % 
air 8.051 kg of air /kg of coal 

requirement2 
Source: Sameer Maithel (2003). Energy Utilization in Brick Kins. PhD Thesis. Indian Institute of 
Technology, Bombay 

a) Amount of coal used per day (kq/day) 
For the minimum SEC of 0.91 MJ/kg 30,000x3x0.91/25.08 3265 kg per day. 
For the maximum SEC of 1.3 MJ/kg, the coal consumption per day is calculated 
as 4665 kg per day. 

b) Stoichiometric air (kg/day) 
For SEC of 0.91 MJ/kg 3265.6 x 8.051 26,290.9 kg of air /day 
For SEC of 1.3 MJ/kg = 4665.1 x 8.051 37,558.5 kg of air /day 

c) Excess Air at 17% Oxygen Concentration in flue gases: The revised emission 
standards as draft notified by MoEFCC gives PM concentration as 250 mg/Nm3 
PM at 17% O2. 

Excess Air for 17% Oxygen concentration (%) = 100 x {(20.9)/ (20.9- 02%) - 1} 

= 100 x {(20.9)/ (20.9-17)-1) 
436% 

d) Theoretical auantity of air flow (ka/day) at 17% 02 concentration 
.For SEC of 0.91 MJ/kg = 26,290.9x (4.36+1) = 1,40,919.5 kg of air /day 

.For SEC of 1.3 MJ/kg = 37,558.5 x (4.36+1) 2,01,313.5 kg of air /d 

Theoretical volumetric flow rate of air (Nm/day) at 17% O2 concentration 

The theoretical air required to complete combustion offuel resuts from the equation of stoichiometry of 

oxygen/fuel reaction. Stoichiometric air means the minimum air in stoichiometric mixture. 
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Normal' refers to normal conditions ot 0°C and 1 atm (standard atmosphere = 101.325 kPa) 

Density of air at 'Nomal' conditions 1.2992 kg/ms For SEC of 0.91 MJ/kg 1,40,919.5/1.2992= 1,09,053.9 Nm/day of air For SEC of 1.3 MJ/kg 2,01,313.5/1.2992 1,55,791.3 Nm/day of air 
Emission Load at 250 mg/Nm3 at 17% Oxygen concentration for Zia-Zag Kilins For SEC of 0.91 MJ/kg 250x 1,09,053.9/ 1000000 27.26 kg/day For SEC of 1.3 MJ/kg 250 x 1,55,791.3 /1000000 38.95 kg/day 

Conclusions 

a) FCBTK: For FCBTK of 30,000 brick per day production capacity, the Emission Load calculated based on measured data as reported in the three studies varies between 72.9 to 107 kg/day. 

b) High Draft Zig-Zag Kiln: The Emission Load calculated based on measured data 
as reported in the two studies varies between 21.6 to 23 kg/day. Theoretical 
calculations based on combustion calculations and assuming 250 mg/Nms of PM 
in flue gases at 17% Oxygen concentration, the calculated Emission Load varies 
between 27.26 to 38.95 kg/day. 
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developing countries (Skinder et al., 2014; Weyant et al. 

2014; Le ct al., 2010). Over the years, due to rapid increase 

in brick production, the corresponding increase in 

consumption of fuel have resulted in increased emissions of 

particulate matter (PM) and other gascous pollutants like 

sulphur dioxide (SO,), and carbon monoxide (CO). Brick 

manulacturing industry is gencrally unorganizcd and has 

Abstract 
manufacturing is a major concern and more primary 

monitoring based datasets are required. This study presents 

latest emission factors for continuous fixed chimney bull 

trench brick kilns (FCBTK), which is the main technology 

used for brick prodhuction in mdia. Stack monitoring of kils 
in u typical brick maniufacturing cluster in India is carried 

out to monitor emissions of polltants like PM, SO2 and CO. 
Average cocentrations of PM, SO, and CO in the stacks 

are measured to be 172+76, 114147 and 484+198 mg/Nm, 
respectively. Monitored stack concentrations are used to 

compte emission factors based on brick production and 

fuel consumption activities in the cluster. The computed 

emission factors across dilferent kilns ranged between 0.81 
I.18, 0.57-0.71 and 2.07-2.80g/kg of fved bricks for PM. 
SO, and CO, respectively. Corresponding emission factors 

per unit of coal used in brick kilns are found to be in the 

range of 13-29, 9-15, 40-56 g /kg for PM. SO2 and Cco. 
respectively. The differences in emission factors are mainly 

due to variations in the quality of coal used by diferent 

kilns. Good correlations were observed between changing 

Uncertainty in emissions from brick

imited controls for air pollutant emissions. Old 

technologies with low combustion efficiencies and limited 

tail-pipe controls lead to enormous pollutant emissions 

causing damage to human health at the local, and regional

scales (Pariyar et al., 2013; Motalib et al., 2015). Black 

carbon (BC) which is a constituent of primary PM emitted 

from incomplete combustion in the brick kilns, is now 

known to have second highest radiative forcing after carbon 

dioxide (CO,) (Bond et al., 2014). 
In India, brick manufacturing industry is growing at a rapid 

rate and there are very few published studies presenting the 

emission factors for different types of brick kilns. In 2012, 

GKS (2012) conducted emissions measurement for different 

pollutants emitted from brick kilns in India. Rajarathnam et 

al. (2014) also presented the results of emissions from brick

kilns employed with various technologics and showed

emission reduction potetial of zig-zag and verticl shaft 

calorific values, ash and sulphur content of coal and 
emissions monitored in the kilns. These new factors can be 

uSed for improvement in emission inventories and thereafter 
modelling results for the region.

Keywords-Brick Kiln, FCBTK, Emission Factor, India. 

brick kiln (VSBK) technologies over FCBTK's that are 

generally used in India for manufacturing of bricks. 

Technology-wise emission factors developed in these 

studies are presented in Table 1. 
. INTRODUCTION 

Clay fircd brick manufacturing is widely known as a 

polluling industry contributing lo air pollution mainly in 

Table I Emission factor (g/kg of fired bricks)for diferent type of brick kiln technologies

Study area Emission Factors (g/kg of fired brick) 

PM2 
Study Technology 

PM SO CO CO 

GKS (2012) India and FCBTK 0.86 0.18 0.66 Z.23 T15 

(Fixed chimney bull trench

kiln)
Vietnam 

Zig-zag 0.26 0.13 0.32 1.47 103 
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VSBK 0.11 0.09 0.54 1.84 70 
(vertical shaft brick kiln) 

DDK 1.56 0.97 n.d 5.78 282 
(down draught kiln) 
Tunnel 0.31 0.18 0.72 2.45 166 

Rajarathnam South-Asia FCBTK 0.89 0.52 3.63 179 
et al. (2014) 

NDZZ (Natural draught zig 0.22 

zag) 
FDZZ (Foreed draught zig- 

0.06 0.35 119 

0.24 0.24 2.04 96 

VSBK 0.09 0.10 4.14 118 

DDK 1.56 0 5.01 526 

Inventorisation of emissions from brick manufacturing 
industry is very important, especially in the context of 

developing countries. However, due to regional variations in 
fuel use and technologies, there is still large uncertainty in 

emission factors for brick making activity. Zhao et al. 

(2011) and Bond et al. (2004) discuss the uncertainties in 

emissions from the sector. This study presents latest results 

of measurements caried out in northern India for 

are the two main brick firing technologies used in India. 

Other types of tiring, which are not significant in terms of 

production include Hoffman, DDK, VSBK and tunnel kilns. 

FCBTKs accounts for about 70% of the total brick 

production in the country (Rajarathnam et al., 2014). 

With growing infrastructure and housing demands, the 

sector is growing at a rapid rate. TERI (2015) projects the 

consumption of coal used in brick making in India from 39 

mt in 2011 to 154 mt in 2031. For control of emissions, the 

Ministry of Environment, Forests and Climate Change, 

India has stipulated standards for maximum allowance of 

PM and a minimum stack height for the brick kilns. It is to 

developing emission factor for PM, SO and CO for the 

FCBTKs brick manufacturing technology. Measurements 

are presented for a brick manufacturing cluster in the 

heavily populated and polluted Indo-gangetic plains (Giles 

et al. 2011) in India. This study is limited to continuous 

natural draught, traditional FCBTKs, which has the 

maximum share in the total brick production in India. 

Findings of this study will be useful in reducing the 

emission uncertainties from the brick manufacturing sector 

and improving modelling results for the region. 

be noted that the standard for PM stack emissions from 

brick kilns in India is 750 mg/m' with medium and large 

size category of kilns having production capacity of above 

15,000 bricks per day, which is five times the standard for 

coal based thermal power plants and also more than that of 

many other industries (Table 2). 

Table 2 PM stack emission standard (mg/Nn') for diferent 
II. MATERIAL AND METHODs categories in India 

2.1 Study area Industry PM Standard 

mg/Nm) Indian brick industry is highly unorganized and seasonal. 

Brick making activities are generally carried out after the 

rice harvest in the months of November-December and 
Cement 30-100 

Small boilers 150-1200 
continues till the start of rainy season in June. For brick 

making, clay is the main raw material, and coal and biomass 

are the major fuels used in the country. However, coal 

dominates as the fuel used in the sector. India stands second 

Foundries I50-450 

Lead glass 50-1200 

Soft coke 350 

Beehive hard coke oven 150-350 in the overall production of clay bricks in the world after 

China and there are around 100000 brick kilns in India Briquette (coal) 
Boilers using agriculture

150-350 

which has an estimated annual production of about 140 

billion bricks (TERI, 2015). 
India consumes about 25 million tons (mt) of coal and 2.6 

million tons of biomass (Rajarathnam et al. 2014; TERI, 

2015). Bull's trench brick kiln (FCBTKs) and clamp kilns 

Annually, brick industry in waste as fuel 250-500 
Sponge iron plant 50-100 

Thermal power plant 150 
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Ten FCBTKs were selected in the study domain for carrying Brick kiin 750-1000 

This study focuses on a brick making cluster in Varanasi 

district, one of the most iaportant clusters in terms of brick 

manufacturmg activity in India. The cluster consists of 

about 226 coal fired natural draft fixed chimney FCBTKs 

(BEE. 2010), with a production of about 707 million bricks 

per annum and an annual coal consumption of about 0.126 

mt (BE. 2010). This amounts to 180 tonnes of coal 

out stack emission measurements and development of 

emission factors. Basic details of brick manufacturing 

activity are noted through questionnaire survey and 

confirmed with visual inspection. Production capacities of 

the kiins in the sudy domain varied between 24000-34000 

bricks per day with a fuel consumption of about 2160-5180 

kg/day. Due to variations in calorific values of the fuel used, 

specific coal consumption (coal consumption kg/kg of 

brick) varies between 0.031-0.068, among different kilns. consumption per million bricks (BEE. 2010). 
Salient features of the selected kilns are shown in Table 3. 

Table 3 Key features of the brick kilns monitored in this study 

Kiln capacity Coal consumption (kg/day) Specific coal consumption 

(coal consumption(kg)/kgof 
Production 

No. (bricksday ) 
brick) 

26000 2656 0.035 

32000 4750 0.051 

32000 3240 0.035 

24000 2160 0.031 

30000 3915 0.045 

26000 2576 0.034 

26000 2912 0.038 

32000 4680 0.050 

9 34000 5080 0.051 

10 24000 4808 0.068 

2.2. FCBTK Technolog 

FCBIKS are horzontal, moving fire kilns in which finng is 

done continuousiy throughout the brick making season. 

Green bricks (molded cay blocks or bricks which are to be 
fired) are placed in trench (area used for stacking brick in 
the kiln) and covered with partially fired bricks layer. The 

whole arrangement is thermally insulated by spreading 3"- 

5brick dust (Keri) or ash. The brick-loading end is sealed 
with metal or jute damper and brick unloading end is kept 

from the kiln stack. Generally, one or two rows are fired at a 

time and when firing of one row is complete it is closed and 

next row is opened. Direction of fire travel in a kiln is same 

as direction of air travel (generally anticlockwise). 

2.3 Methodology
PM, SO and CO concentrations in the flue gas were 

measured at all the ten selected kilns during April 2015. A 

minimum of three repetitive monitoring were carried out in 

each kiln. Measurements were carried out in accordance 

open for drawing air required for combustion. Fuel is fed 

manually at a more or less constant rate through feed hole 

covers provided at the top of the kiln. At any point of time 

during operation, the kiln can be divided into three distinct 

zones as shown in Figure 1.Starting from the unloading end, 
the first zone is brick cooling zone. Air required for 

combustion enters through unloading end, picks up heat 

from fired bricks, gets heated up and in turns cools the fired 

bricks. The next zone is the firing zone in which fuel is fed 

througlh feed hole covers. Hot ais coming frou cooling 

with the guidelines laid down by Bureau of Indian 

Standards BIS)Central Pollution Control Board (CPCB). 

Stack sampler (VSS1, Vayubodhan, India) was used to 

collect samples of the flue gas for PM and gaseous 

pollutants. Flue gas temperature was measured by 

thermocouples and velocity was measured using stack 

velocity monitor. Iso-kinetic sampling procedure was 

followed for PM sampling followed by analysis using 

gravimetric technique. Pre conditioned and pre weighed 

glass fibre thimbles (Wlhaunann make) were used for PM 

sampling. The thimbles were accurately weighed using a 

microbalance of accuracy 1g before and after the 

sampling. Sampling was carried out during normal kiln 

operations under stabilized conditions (excluding the first 

zone caries out the combustion of fuel in this zone. The 

third zone is brick preheating zone in which the hot gases 

coming from combustion zone preheats the green bricks, 
takes up moisture from them and finally leave as flue gases 
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The emission estimates in this study are also compared and 

discussed in context of the calorific values, ash content and 
firing cycle) for a period of 60-80 minutes in all the kilns, 

which covered both fucl feeding and non-feeding periods. 

SO was measured using titrimetric method as per IS1 1255 

(Part2): 1985. CO measurements for the kilns were carried 

out using flue gas analyzer (Kane-May, KM900 hand-held 

combustion anaiyzer). Traverse points as requiredby 

standard methods could not be followed in any of the kilns 

due to the abscnce of multiple sampling ports, improper 

access to the location, and safety issues as reported in earlier 

studies (SSEF, 2012). Hence, monitoring was carricd out 

through the same sampling port, with a minimum of two 

traverse points in linear direction. The average concentration 

of PM, S02 and CO and flue gas rates at cach of the kiln 

were used for emission cstimation using cquation (1) 

sulphur content of the fuel used in diferent kilns. Samples 

of coal used in different kilns were drawn and calorific 

values, sulphur content ash content were measured as per 

standard measurement techniques (ASTM D5865-99a, 

ASTM D3177-89 (1997) and ASTM D3174-97 for calorific 

value, sulphur content and ash content respectively). 

Ill. RESULTS AND DISCUSSIONS 

3.1 Stack monitoring 
Concentrations of pollutants in the flue gas of the monitored 

FCBTKs are shown in Figure 2. PM concentrations in al 

the monitored FCBTKs are well within the prescribed limit 

of 750 mg/Nm for medium and large size brick kilns, as 
prescribed by the Ministry of Environment and Forests 

Flow rate of fhue gas (m?/hr) X Pollutant concentation(mg/mêMOEF), Govermment of India. Average PM concentrations 

in the ten monitored FCBTKs ranged between 88- 287 

mg/Nm',with an average of 172-76 mg/Nm'. PM levels in 
this study were found to be low when compared with 

findings in previous studies. Low PM levels could be 

attributed to better combustion conditions, as the monitoring 

in all the kilns has been caried out at normal stabilized 

Emission rate(mg/hr) = 

).. 

Flow rate of the flue gas is calculated from the velocity of 

the flue gas and arca of stack (cquation 2). 
Flow rate(m*/s) = 

Velocity of flue gas(nm/s) x Area of stack(m2). 

(2) condition, excluding the first fuel firing cyele. Earier 
************** 

Pollutant emissions vary according to type of 

kin/iechnology. quality of fuel used for firing and also with 

different operating conditions. Data on production of bricks 

and fucl used in different kilns is collected through 

questionnaire surveys and verified through visual 

inspections. Emission factors (EF) for PM, SO2 and CO are 

computed using emission rate, fuel consumption and 

production datasets using equations 3 and 4.The EFs are 

developed in two ways- a) pollutant emission per kg of fuel 

consumed, and b) pollutant emission per kg of fired bricks 

EF in tems of per kg of fuel consumed is derived from 

emission rate and the quantity of coal used for firing the 

bricks, whereas, EF in terms of per kg of fired brick is 

derived from emission rate, number of bricks fired and 

studies have reported PM levels in the range 143-766 

mg/Nm (SSEF, 2012),148-800 mg/Nm' (TERI, 1998; 
CPCB, 1996) and 113-514mg/Nm' (TERI, 2007). These 
studies reported higher concentrations of PM as monitoring 

also included the time during the tirst fining cycle in which 

the combustion condition at the kiln were not yet stabilized 

(SSEF, 2012). Incomplete combustion resulting from poor 

operating practices and wet weather condition caused by 

unseasonal rain during monitoring period were also reported 

in earlier study as the possible causes of high PM emissions 

(SSEF, 2012). Lower PM emission in the current study can 

also be the results of good operating practices in the kilns; 

like timely feeding of coal in the combustion zone, proper 

housekeeping practices, and use of powdered or crushed 

coal for charging. Quality of coal used for combustion also 

plays an important role in defining the PM emissions 
weight of fired brick. 

EF(mg/kg of fuel) = ; Emission rate (mg/hr) 
Fuel consumption rate (k9/hr) Calorific values of coal used across different kilns varied 

.(3) between 4568-6726 keal/kg (Figure 3) with an average of 

6000 kcal/kg. All kilns except one showed the use of better 

quality Grade B category of non-coking coal (calorific value 

5600-6200 kcal/kg) as defined by MoC (2015). Figure 3 

shows the variation in calorific values and fuel consunptiou 
across the kilns. An obvious inverse relationship is 

observed. Ash content of the coal samples ranged between 

15.7-38.6%. Figure 4 shows the variation in ash content of 

fuel and corresponding change in PM emissions acrOSS 

EF (mg/kg of fired brick) = 

BmLsSion rate(mg/hr)
(Rate of production(no.of bricks/hr) X Mass of fired brick (kg) 

(4) 

A number of brick samples were used to compute the 

average weight of brick produced in different brick kilns 

which varied between 2.65-3.25 kg. Emission factors 

developed in this study are compared with the previous 

estimates and discussed. 
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India has more than 100,000 brick kilns producing around 250 billion bricks annually. Indian brick in- 
dustry is often a small scale industry and third largest consumer of coal in the country. With the growing 
demand for building materials and characterised by lack of pollution control measures the brick industry 
has a potential to cause adverse effects on the environment. This paper presents assessment of five brick 
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127 million tonnes of CO2 per year. Among various technologies that are widely used in India, Zig zag and 
vertical shaft brick kilns showed better performance in terms of emissions over the traditional fixed 
chimney Bull's trench kilns. This suggests that the replacement of traditional technologies with Zig zag. 
vertical shaft brick kilns or other cleaner kiln technologies will contribute towards improvements in the 
environmental performance of brick kiln industry in the country. Zig zag kilns appear to be the logical 
replacement because ol low capital investment, easy integration with the existing production process, 
and the possibility of retrofitting fixed chimney Bull's trench kilns into Zig zag firing. 
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1. Introduction

Solid fired lay bricks are the most widely-used building ma- 
terials in India. The bricks are mainly produced locally in small 
enterprises at the cottage, village and rural scale. The informal, 

small-scale industry sector, often unlicensed and unregulated
manufacturing processes generally lack in the control of pollution 
and hence lead to negative environmental implications (Co et al., 
2009). 

used for firing bricks. Typical brick making process in India and 

other developing countries is of less ener8y efficient and hence 
leads to high levels of pollution. In addition to these emissions from 

combustion, the life cycle of brick making involves significant
fugitive emissions. 

Building construction in ndia is estimated to grow at a rate of 
6.6% per year between 2005 and 2030. The building stock is ex- 

pected to multiply five times during this period, resulting in a 

continuous increase in demand for brick and other building ma- 

terials (Mckinsey. 2009). With rapid growth of brick production, the 

environmental aspects of brick making have become a serious 
concern that needs immediate attention. 

Indian brick kiln industry is the second largest brick producer in 
the world, next to China, having more than 100,000 operating units 
and producing about 250 billion bricks annually. It employs about 

10 million workers and consumes about 25 million tons of coal 

annually (Gupta and Narayan, 2010; Lalchandani et al, 2012). Coal 
is the major fuel. apart from coal, a variety of biomass fuels, such as. 
firewood, dry dung, rice husk bagasse and other agro-residues are 

1.1. Brick making technologies in mdia 

Based on the firing practice, brick kilns can be grouped under 
two broad categories namely intermittent kilns and continuous 
kilns. In intermittent kilns, bricks are fired in batches. Examples of 
intermittent kiln include Clamp, Scove, Scotch and Down Draft 
kilns. In a continuous kiln, on the other hand, the fire is always 

Coresponding author. 
E-mail address: uma.r@enzen.com (U. Rajarathnam). 
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burning and bricks are being warmed, fired and cooled simulta- 
neously in different parts of the kiln. Examples of such kilns include Bull's trench kiln (BTK), Hoffinann, Zig zag kilns, Tunnel kiln and 
vertical shaft brick kiln (VSBK) (Heierli and Maithel, 2008). Majority of the kilns in India are of traditional intermittent and continuous 

Table 2 
Measurtment and analysis techiques. 

Process Principle of measurement/Analysis Sampie location Type variable 

Weighing of fuel taken by the fuel 
feeding spoon one time and 
recording the no of spoons fed over 
the experiment 

Fuel feeding manually operated kiln such as BTK. Table I presents the details of 
kilns in India. 

rate 

Temperature of Themocouple
flue g Monitonng port R 

on stack, Flue gas 
12. Regulatory drivers as 

duct 
Temperature of K-type Thermocouple 

bricks and Infrared thermometer With growing awareness, environmental issues are of serious 
concern at all levels of society. Government of India has issued 
notifications of emission standards for brick kilns. The notification 

Inside the kiln. P 
OuLside surface of 

surlaces kiin 
Stack velocity Pitot tube 

Monitoring port P 
includes maximum allowable normis for Particulate Matter (PM) 
concentration in flue gases, minimum stack height and proposed 
ban on the use of moving chimney BTK {CPCB, 1996). Later on, 
emission standards and stack height regulations for VSBK and 
Down-Draft Kiln (DDK) were stipulated by The Government of 
India (Gol. 2009) Summary of emission regulations for various 
cypes of brick making technologies in India is presented in 

Appendix A. 
Apart from the environmental concerns, the industry faces other 

challenges, such as shortage of workers, resulting in an increase in 
wages and disruption of production; rapid increase in the fuel cost 
and limited availability of good quality coal; shortage of good 
quality clay and conmpetition from other walling materials such as 
concrete blocks. It is expected that these drivers will force the in- 
dustry to adopt better technologies and mechanization in the 

future. 

n stack 
Oxygen Electrochemical Monitoring port R 

on stack. Flue gas 
duct 

Carbon dioxide Inferred from O2 
Monitoring port 
on stack, Flue gas 

duct 
Carbon Electrochemical Monitoring port R 

on stack, Fue gas 
duct 

monoxide 

Suiphur 
dioxide 

Rariuii-Thorintitrinetric nethod, Monitosing port 
Electrochemical bn stack 

Suspended 
particulate 

Gravimetn Monitoring port I 
on stack 

matter 

P-Average of single-point observations, I-Integrated sample taken over many 
minutes, R- Real-tüme observations averaged for presentation.

For duct diameter smaller than 0.30 m. standard or modified hemispherical- 
nosed pitot trube was used, with a minimum diameter of 0.1 m 

The present paper discusses the comprehensive assessment of 

brick making technologies which were carried out to gain a deeper 
understanding of the emissions from current technologies as well 

kiln was almost nil in India. In order to study the performance of 

better technologies and operating practices, the study included 
performance monitoring of a tunnel kiln and VSBK in Vietnam. 
Appendix C presents the details of selected kilns. 

as technologies that offer the promise of cleaner brick production. 
The assessment included detailed monitoring of emissions and 
simultaneous assessment of energy consumption from seventeen 
kilns representing five technologies: two traditional brick kiln 
technologies widely prevalent in India - ixed chimney BTK 

(FCBTK) and DDK and three relatively newer technologies - VSBK, 

Zig zag kilns, and Tunnel kiln. Brief description of these five brick 

making technologies is presented in Appendix B. 
Among seventeen kilns, two of them are located in Vietnam 

representing VSBK and Tunnel kiln. Vietnam has demonstrated 
significant advancement in adoption of efficient technologies such 
as VSBK and Tunnel kiln and better operating practices such as 
usage of more internal fuels and partial mechanization. Though 
these developments are expected in India, the current progress is 
very slow. During the time of study (2011). proper operating tunnel 

2. Methodology 

2.1. Measurement techniques 

Emissions of gases and particulate matter were monitored in the 
stack at the height of 10-15 m from the ground level and meeting 
as per standard BIS/EPA methods with suitable modifications. 

VSBKs had smaller stacks and the sample was taken two metres 
above the top layer of bricks. The VSBK measured in India had two 

stacks and samples were taken from both stack 
As per the standard method, stack monitoring for particulate 

matter consists of obtaining representative sample of the particu- 
late matter in an isokinetic manner (BIS, 1985a). The velocity of the 

stack gas from BTKS and, natural draught Zig zag kilns were vey 
low (In some cases it was less than 1 m/s). Such low velocity could 
not be measured accurately by the pitot method. Altematively, the 
velocity can be derived indirectly from flow rate roughly estimated 
from fuel consumption, air requirement, fuel analysis and compo0 
sition of flue gas. Comparison of velocity measured by the pitot 
method and velocity derived from the estimated flow rate is pre 

sented in Appendix D. For such low velocity isokinetic sampling is 

difficult. Hence, it was decided that for all practical purposes, low 

velocity conditions can be assumed as still air and sampling was 

done at low flow rate. Particulates were collected in Glass Fibre 

(GFC of Whatman make) t 

Gaseous samples were collected in the impinger tube and taken 

to the laboratory for analysis for SO2 analysis using titrimetric 

method as per IS11255 (Part 2): 1985 (BIS, 1985b). Carbon 

Tabie 1 
Types of brick kilns in India. 

Approximate Main fuel Specific energy 
consumption (MJ/kg 
of fired product) 

Kiln technology Typical 
used production 

(million bricks/ kilns 

year) 

nuimber of 

Coal 1.1-14 Fixed chimney 3-10 
Bull's trench 

30,000 

kiln (FCBTK) 

High draft/2ig- 3-5 
zag kilns 

Clamps 

200 Coal 0.8-1.1 

Biomass, 1.9-2.5, 
coal and 1.2-1.75 

<1 >60,000 
imbles and measured gravimetrically.

lignite 
Coal Vertical shaft 0.5-4 20 0.7-1.0 

brick kiln 

(VSBK) 
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Table 3 
Energy input based enissioin factor (g/MJ) for varlous pollutants from diflerent brick making technologies. 

No of kllns monitored No of sanples PM SO CO 
Mean CV Mean Mean CV Mean CV 

Kilns in lndia 
FCFTK 066 0.90 0.39 0.92 2.96 0.91 140 0.57 

NDZZ 5 0.21 0.91 0,06 1.52 0.32 0.97 113 0.30 
FDZZ 023 0.84 0.23 1.00 0.7G 92 0.81 

VSBK 0.10 0.18 0.11 0.19 4.39 0.39 126 0.28 

DDK 0.54 0.90 0.I 0.04 5.17 0.04 181 034 
Kilns in Vietnam 
VSBK 0.22 0.16 1.78 0.01 2.93 0.12 146 0.07 
TK 021 0.12 0.49 0.03 1.56 26 109 0.10 

CV Coelficient of variation is the ratio of standard devíation to mean. 

3. Results and discussions monoxide (CO) and Carbon dioxide (CO;) measurements were 
carried out using flue gas analyzer. In addition to these parameters, 
black carbon (BC) emissions from various brick making technolo-
gies were studicd in the present study. Methodology and results of 
BC emissions are presented by Weyant et al (2014). 

At cach of the seventeen kilns, minimum of three experiments 
were carried out. Sampling covered bolh coal feeding and non- 

feeding periods. Fuel consumption rate during the experiment 
was recorded by measuring the quantity of fuel taken by the fuel 
feeding spoon and rate of fucl feeding during the experiment. In 
addition. fuel and clay samples from each of the monitored kilns 

were collected and analysed for calorific value, carbon, nitrogen, 
sulphur and ash content. Table 2 provides the list of technical pa- 
rameters that were measured. 

3.1. Emission factors 

Emission factors were estimated for PM, SO2, C0 and CO2 based 

on energy input and brick production and presented in Tables 3 and 
4. Details on concentralion of various pollutants measured in the 

study can be found in Appendix 
Average energy input based emission factor for PM varied be- 

tween 0.10 and 0.66 g/MJ with lowest levels for VSBK in India and 
highest for FCBTK. Table 4 reveals that mass of brick production 
based emission factor for PM ranged between 0.09 and 1.56 g/kg of 
fired bricks with lowest levels for VSBK in lndia and highest for 
DDK. Comparison of emission factors among large scale brick 

making technologies indicate that both mass based and energy 
input based emision factors are lower for Zig zag technology 
(NDZZ and FDZZ) than those for FCBTKs and are also comparable to 
efficient tunnel kilns monitored in Vietnam. Two kilns monitored in 
Vietnam are of efficient technology (VSBK and Tunnel) and hence 
PM emissions are relatively low. 

2.2. Method for estimation of emission factor 

Pollutant emissions vary according to type of kiln, fuel used and 
kiln operating conditions. Comparing the emissions across different 
fuel or operating conditions requires normalization, either to unit 
of fuel consumed or to unit of energy consumed, or a comparison 
based on brick production. In the present study, emission factors 
were derived to compare the emissions from different technolo-
gies. Emission factors can be derived from emission rate (ER), fuel 
consumption rate, energy content of the fuel, and production rate 

(CPCE, 2007). 
Emission factor derived from Emission rate and fuel consump- 

tion rate 

Average energy input based emission factor for SO2 for various 
technologies monitored in India ranged between <0.01-0.39 8/M 
and average emission factor based on mass of fired brick for various 
technologies monitored in India ranged between <0.01-0.52 g/kg 
of fired bricks. Average S02 emission factors (both energy input 
based and mass of brick produced) for kilns monitored in Vietnam 

are on higher side in comparison with kilns under various tech-
nologies monitored in India. 

Estimated average C0 emission factors based on energy input 
for various technologies measured in India ranged between 0.32 g/ 
MJ and 5.17 g/MJ of energy input; emission factor based on mass of 
brick production for various technologies in India ranges from 0.35 
to 15.01 g/kg of fired bricks. Lowest CO emission factor is for NDZZ 

technology and highest for DDK. CO being product of incomplete 

combustion, the emission factor indicates the efficiency of the 
technology. Emission factors for carbon dioxide are in the range of 
79-526 g/kg of fired bricks and 92-181 g/MJ of energy. 

Literature on emission factors for brick kilns is very limited, 
specially with developing countries perspective. In comparison 
with the US EPA emission factor for coal fired tunnel kiln, the 
current study emission factor for CO for tunnel kiln in Vietnam was 
about five times higher: CO emission factor was comparable and 
PM emission factor was about half (US EPA, 1997),. 

ER(g/h) = Sx Qs 

where Os represents the flow rate of flue gas (m'/h) 
concentration of pollutant (mg/m*) 

from the emission rate (ER), fuel unit mass based emission 
factor (EFm) in g/kg was calculated as follows: 

id S the 

Efm ER/F 

where F is the fuel consumption rate (kg/h). 
Energy input based enmission factor (EFe) or emissions per MJ of 

energy input in g/MJ were calculated as: 

EFe =EFm/EC 

where EC is energy content in MJ/kg. 
Similarly production based emission factor i.e. emissions per kg of fired brick was estimated as 3.2. Estimated emissions from brick kilns in South Asia 

EFp EF x SEC 
About 330 billion bricks are being produced annually in south 

Asia, which contributes approximately 0.94 million tonnes of PM; 
3.9 million tonnes of CO and 127 million tonnes of Co2 per year (See 

where SEC = Specific energy consumption in MJ/kg of fired brick. 
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Table 4 
Emission factor based on mass of fired brick (g/kg of fired brick) for various poliutants from different brick making technologies. 

No of kilns No of sanples PM S02 CO2 

Mean CV Meain V Mean CV Mean CV 

Kilns in India 
FCBTK 0.89 0.97 0.52 0.98 3.63 0.82 179 0.56 
NDZZ 15 0,22 0.89 0.06 1.48 0.35 19 032 
FDZ 0.24 0.84 0.24 999 2.04 0.76 0.80 

VSBK 0.09 0.18 0.10 0.19 4.14 0.39 118 0.28 
DDK 1.56 0.90 0.00 0.04 5.01 0.04 526 0.34 
Kilns in Vietnam 
VSBK 0.12 0.16 0.97 0.01 159 0.12 79 0.07 
TK 0.31 0.12 0.72 0.04 2.28 026 149 0.10 

CV Coeficient of variation is the ratio of sandard deviation to mean. 

Appendix E. for brick production details). India, being major brick 
producing country in South Asia, the emission contribution from 
brick kilns in India accounts for about 80% of emissions from brick 

Table 5 
Qualitative assessiment of various brick making technologies commonly used in 

South Asia. 

kilns in South Asia. Shifting from traditional technologies such as 
clamps, DDK, BTKS to advanced technologies such as VSBK and Zig 
zag firing can reduce CO and PM emission by 60%-70%. 

Kiln Particulate CO Specific energy Quality of Ability to Return on 
types matter EF EF Consuinption for fired 

firing 
fire hollow investment 

product blocks 

DDK + 

FCBTK + 
3.3. Companison of various brick kiln technologics Zig TT TT 

Zag 

TK ++ +** T 
Though alternate materials such as fly ash bricks, concrete 

blocks and cement stabilized solid blocks penetrated the market in 
the last two decades, fired day bricks dominate with more than 90% 
of current market share and expected to continue with a share of 
about 85% of building material by 2030. Considering the signifi- 
cance, it is imperative to promote cleaner technologies for brick 

production 
Comparison of five different technologies based on their envi-

ronmental performance, energy efficiency parameters, quality of 
bricks produced and economic aspects is presented in Table 5. 

The tunnel kiln ranks better in terms of environmental param- 
eters and quality of bricks produced, however the returm on in- 

vestment is low and requires electricity for operation, which may 
be a constraint in many parts of India as continuous electricity 

supply is not available. Zig zag firing ranks better than FCBTK with 
better performance in terms of environmental and eficiency pa- 
rameters and better return on investment. Among the sinall kilns, 
VSBK perforns better than DDK in terms of environmental and 
efficiency parameters, but fast firing may not be suitable for certain 

clay types. 

VSBK+++ ++ +++ 

+++ Denotes the best perfonnance in the category. 

appears to be near term solution for reducing emissions from brick 
kilns. 

Considering the significance in terms of energy intensity and 
growth in the demand of fired bricks, environmental aspects of 
brick making warrants attention for promotion of cleaner brick 

making lechnologies. 
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Appendix A. Supplementary data 

Supplementary data related to this article can be found at http:// 

dx.doi.org/10.1016/j.atmosenv.2014.08.075. 
4. Summary and conclusions 

This paper provides assessment of air pollutant emission from 
different types of commonly used brick making technologies in 
India and also compares the emission levels of VSBK operated in 

India and Vietnam. Key findings of the assessment of air pollutants 
from brick kilns are as follows 

Among the five different technologies evaluated, Tunnel Kiln 
and Zig-zag firing shows better performance in comparison with 
FCBTK. Among the small scale production, DDK records poor 
environmental performance with high PM and CO emission levels. 

The estimated emission from brick kihn production in India is 
about 0.94 million tonnes of PM; 3.9 million tonnes of CO and 
127 million tonnes of CO2 per year. Shifting from traditional tech- 
nologies such as clamps, DDK, BTKs to advanced technologies such 
as VSBK and Zig zag firing can reduce CO and PM emission by 60% 
70%. 
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