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Abstract—  Uncertainty in emissions from brick
manufacturing is a major concern and more primary
monitoring based datasets are required. This stuegents
latest emission factors for continuous fixed chiynbell
trench brick kilns (FCBTK), which is the main teology
used for brick production in India. Stack monitayiaf kilns
in a typical brick manufacturing cluster in India carried
out to monitor emissions of pollutants like PM,,%@d CO.
Average concentrations of PM, g@nd CO in the stacks
are measured to be 172476, 114447 and 484+198 mg/Nm
respectively. Monitored stack concentrations areduso
compute emission factors based on brick productiod
fuel consumption activities in the cluster. The pated
emission factors across different kilns ranged leetw0.81-
1.18, 0.57-0.71 and 2.07-2.80g/kg of fired bricks PM,
SO, and CO, respectively. Corresponding emission facto
per unit of coal used in brick kilns are found te im the
range of 13-29, 9-15, 40-56 g /kg for PM, S&anhd CO,
respectively. The differences in emission factoesraainly
due to variations in the quality of coal used byfedient
kilns. Good correlations were observed between giman
calorific values, ash and sulphur content of ceald
emissions monitored in the kilns. These new faatarsbe
used for improvement in emission inventories aedeidifter
modelling results for the region.
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developing countries (Skinder et al., 2014; Weyeangl.,
2014; Le et al., 2010). Over the years, due todrapirease
in brick production, the corresponding increase in
consumption of fuel have resulted in increased giois of
particulate matter (PM) and other gaseous pollatdike
sulphur dioxide (S¢), and carbon monoxide (CO). Brick
manufacturing industry is generally unorganized dnag
limited controls for air pollutant emissions. Old
technologies with low combustion efficiencies aidited
tail-pipe controls lead to enormous pollutant emiss
causing damage to human health at the local, agional
scales (Pariyar et al., 2013; Motalib et al., 201Black
carbon (BC) which is a constituent of primary PMitted
from incomplete combustion in the brick kilns, i®wn
known to have second highest radiative forcingraféebon
dioxide (CQ) (Bond et al., 2014).

In India, brick manufacturing industry is growingarapid
rate and there are very few published studies ptiegethe
emission factors for different types of brick kilia 2012,
GKS (2012) conducted emissions measurement fogrdifit
pollutants emitted from brick kilns in India. Rag#nnam et
al. (2014) also presented the results of emisdians brick
kilns employed with various technologies and showed
emission reduction potential of zig-zag and vettslaaft
brick kiln (VSBK) technologies over FCBTK'’s thatear
generally used in India for manufacturing of bricks

Technology-wise emission factors developed in these
l. INTRODUCTION studies are presented in Table 1.
Clay fired brick manufacturing is widely known as a
polluting industry contributing to air pollution nmdy in
Table 1 Emission factor (g/kg of fired bricks)fdfferent type of brick kiln technologies
Study Study area Technology Emission Factors (gfkged brick)
PM,s SO (e{0) CO,
GKS (2012) India and FCBTK 0.86 0.18 0.66 2.25 115
Vietnam (Fixed chimney bull trench
kiln)
Zig-zag 0.26 0.13 0.32 1.47 103
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Rajarathnam South-Asia
et al. (2014)

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
FCBTK 0.89 0.52 3.63 179
NDZZ (Natural draught zig- 0.22 0.06 0.35 119

zag)

FDZZ (Forced draught zig- 0.24 0.24 2.04 96

zag)

VSBK 0.09 0.10 4.14 118
DDK 1.56 0 5.01 526

Inventorisation of emissions from brick manufaatgri
industry is very important, especially in the contef
developing countries. However, due to regionalatans in
fuel use and technologies, there is still largeeutainty in
emission factors for brick making activity. Zhao at
(2011) and Bond et al. (2004) discuss the unceigirin
emissions from the sector. This study presenestaesults

of measurements carried out in northern India for
developing emission factor for PM, $§@nd CO for the
FCBTKs brick manufacturing technology. Measurements
are presented for a brick manufacturing clusterthe
heavily populated and polluted Indo-gangetic plai@des

et al.,, 2011) in India. This study is limited tontimuous
FCBTKs, which has the
maximum share in the total brick production in bdi
Findings of this study will be useful in reducinget
emission uncertainties from the brick manufacturéegtor

natural draught, traditional

and improving modelling results for the region.

II. MATERIAL AND METHODS

2.1 Study area

Indian brick industry is highly unorganized and swal.
Brick making activities are generally carried otiten the
rice harvest in the months of November-December and
continues till the start of rainy season in Juner Brick
making, clay is the main raw material, and coal biodnass
are the major fuels used in the country. Howeverl c
dominates as the fuel used in the sector. Indizdstaecond
in the overall production of clay bricks in the \biafter
China and there are around 100000 brick kilns ididn
which has an estimated annual production of abei@t 1
Annually, brick ingtry in
India consumes about 25 million tons (mt) of coadl 2.6
million tons of biomass (Rajarathnam et al. 201&RT,
2015). Bull's trench brick kiln (FCBTKs) and clankins

billion bricks (TERI, 2015).
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are the two main brick firing technologies usedInidia.
Other types of firing, which are not significant terms of
production include Hoffman, DDK, VSBK and tunnelris.
FCBTKs accounts for about 70% of the total brick
production in the country (Rajarathnam et al., 3014
With growing infrastructure and housing demands th
sector is growing at a rapid rate. TERI (2015) gctg the
consumption of coal used in brick making in Indianfi 39
mt in 2011 to 154 mt in 2031. For control of emiss, the
Ministry of Environment, Forests and Climate Change
India has stipulated standards for maximum allowaot
PM and a minimum stack height for the brick kilitsis to
be noted that the standard for PM stack emissioos f
brick kilns in India is 750 mg/m3 with medium anarde
size category of kilns having production capacityabove
15,000 bricks per day, which is five times the dtd for
coal based thermal power plants and also more ttitnof
many other industries (Table 2).
Table 2 PM stack emission standard (mgi\Nior different
categories in India

Industry PM Standard
(mg/Nn)
Cement 30-100
Small boilers 150-1200
Foundries 150-450
Lead glass 50-1200
Soft coke 350
Beehive hard coke oven 150-350
Briguette (coal) 150-350
Boilers using agriculture
waste as fuel 250-500
Sponge iron plant 50-100
Thermal power plant 150
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Brick kiln 750-1000

This study focuses on a brick making cluster in avasi
district, one of the most important clusters imtsrof brick
manufacturing activity in India. The cluster comtsiof
about 226 coal fired natural draft fixed chimneyBA®&s
(BEE, 2010), with a production of about 707 millibricks
per annum and an annual coal consumption of abd260
mt (BEE, 2010). This amounts to 180 tonnes of coal
consumption per million bricks (BEE, 2010).

Ten FCBTKs were selected in the study domain foryazg

out stack emission measurements and development of
emission factors. Basic details of brick manufaomr
activity are noted through questionnaire survey and
confirmed with visual inspection. Production cagiasi of
the kilns in the study domain varied between 24860000
bricks per day with a fuel consumption of about 253.80
kg/day. Due to variations in calorific values oétfuel used,
specific coal consumption (coal consumption kg/kh o
brick) varies between 0.031-0.068, among differaifrts.
Salient features of the selected kilns are showreinle 3.

Table 3 Key features of the brick kilns monitoirethis study

Kiln Production
No. (bricks/day)

capacity Coal consumption (kg/day)

Specific coal consumption
(coal consumption(kg)/kg of
brick)

1 26000 2656
2 32000 4750
3 32000 3240
4 24000 2160
5 30000 3915
6 26000 2576
7 26000 2912
8 32000 4680
9 34000 5080
10 24000 4808

0.035
0.051
0.035
0.031
0.045
0.034
0.038
0.050
0.051
0.068

2.2. FCBTK Technology

FCBTKs are horizontal, moving fire kilns in whichnifg is
done continuously throughout the brick making seaso
Green bricks (molded clay blocks or bricks whichk & be
fired) are placed in trench (area used for stackingk in
the kiln) and covered with partially fired brickayer. The
whole arrangement is thermally insulated by spiregadi’—
5" brick dust (Keri) or ash. The brick-loading eisdsealed
with metal or jute damper and brick unloading eadkept
open for drawing air required for combustion. Fisefed
manually at a more or less constant rate through fele
covers provided at the top of the kiln. At any padh time
during operation, the kiln can be divided into thdistinct
zones as shown in Figure 1.Starting from the unigadnd,
the first zone is brick cooling zone. Air requirddr
combustion enters through unloading end, picks agt h
from fired bricks, gets heated up and in turns satloé fired
bricks. The next zone is the firing zone in whidlelfis fed
through feed hole covers. Hot air coming from oupl
zone carries out the combustion of fuel in thiseohhe
third zone is brick preheating zone in which the hases
coming from combustion zone preheats the greerkdyric
takes up moisture from them and finally leave ag fjases
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from the kiln stack. Generally, one or two rows fared at a
time and when firing of one row is complete it issed and
next row is opened. Direction of fire travel in itnks same

as direction of air travel (generally anticlockwise

2.3 Methodology

PM, SQ and CO concentrations in the flue gas were
measured at all the ten selected kilns during ARBIL5. A
minimum of three repetitive monitoring were carriaat in
each kiln. Measurements were carried out in accmela
with the guidelines laid down by Bureau of Indian
Standards (BIS)/Central Pollution Control Board GH).
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 swa
followed for PM sampling followed by analysis using
gravimetric technique. Pre conditioned and pre tveiy
glass fibre thimbles (Whatmann make) were usedPidr
sampling. The thimbles were accurately weighed gigin
microbalance of accuracy 1pg before and after the
sampling. Sampling was carried out during normah ki
operations under stabilized conditions (excludihg first
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firing cycle) for a period of 60-80 minutes in #fle kilns,
which covered both fuel feeding and non-feedingaquks:.

SO, was measured using titrimetric method as per 15812
(Part2): 1985. CO measurements for the kilns wearsied
out using flue gas analyzer (Kane-May, KM900 hapgttth
combustion analyzer). Traverse points as requirgd b
standard methods could not be followed in any ef khns
due to the absence of multiple sampling ports, aper
access to the location, and safety issues as egbirtearlier
studies (SSEF, 2012). Hence, monitoring was cardetl
through the same sampling port, with a minimum wb t
traverse points in linear direction. The averageceatration

of PM, SQ and CO and flue gas rates at each of the kiln
were used for emission estimation using equatipn (1

Emission rate(mg/hr) =

The emission estimates in this study are also coedpand
discussed in context of the calorific values, ashtent and
sulphur content of the fuel used in different kilSamples

of coal used in different kilns were drawn and déilo
values, sulphur content ash content were measwggitia
standard measurement techniques (ASTM D5865-99a,
ASTM D3177-89 (1997) and ASTM D3174-97 for calarifi
value, sulphur content and ash content respecjively

. RESULTS AND DISCUSSIONS
3.1 Stack monitoring
Concentrations of pollutants in the flue gas ofti@nitored
FCBTKs are shown in Figure 2. PM concentrationalin
the monitored FCBTKs are well within the prescribieoit
of 750 mg/Nni for medium and large size brick kilns, as
prescribed by the Ministry of Environment and F&ses

Flow rate of flue gas(m®/hr) X Pollutant concentation(mg/m¢MoEF), Government of India. Average PM concentragi

Y et 1)

Flow rate of the flue gas is calculated from théowity of
the flue gas and area of stack (equation 2).

Flow rate(m3/s) =

Velocity of flue gas(m/s) x Area of stack(m?).........

Pollutant emissions vary according to type of
kiln/technology, quality of fuel used for firing dralso with
different operating conditions. Data on productadrbricks
and fuel used in different kilns is collected thgbu
questionnaire surveys and verified through visual
inspections. Emission factors (EF) for PM, Sdd CO are
computed using emission rate, fuel consumption and
production datasets using equations 3 and 4.The &€ s
developed in two ways- a) pollutant emission peokéuel
consumed, and b) pollutant emission per kg of fivedks.

EF in terms of per kg of fuel consumed is deriveairf
emission rate and the quantity of coal used fandirthe
bricks, whereas, EF in terms of per kg of firedckris
derived from emission rate, number of bricks firadd
weight of fired brick.

EF(m‘g/k‘g of fuel) = Fuel consumption rate(kg/hr)

...................................... 3)
EF(mg/kg of fired brick) =
Emission 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 briklkns
which varied between 2.65-3.25 kg. Emission factors
developed in this study are compared with the previ
estimates and discussed.

Emission rate(mg/hr)
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in the ten monitored FCBTKs ranged between 88- 287
mg/Nnt,with an average of 172476 mg/NnPM levels in
this study were found to be low when compared with
findings in previous studies. Low PM levels coul@é b
attributed to better combustion conditions, asntiomitoring

in all the kilns has been carried out at normabititzed
condition, excluding the first fuel firing cycle. aBier
studies have reported PM levels in the range 143-76
mg/Nn? (SSEF, 2012),148-800 mg/Nm(TERI, 1998;
CPCB, 1996) and 113-514mg/NnfTERI, 2007). These
studies reported higher concentrations of PM asitormy
also included the time during the first firing oydh which
the combustion condition at the kiln were not yabgized
(SSEF, 2012). Incomplete combustion resulting frooor
operating practices and wet weather condition chuse
unseasonal rain during monitoring period were edgmrted

in earlier study as the possible causes of higheRi&sions
(SSEF, 2012). Lower PM emission in the current witah
also be the results of good operating practicehénkilns;
like timely feeding of coal in the combustion zompeoper
housekeeping practices, and use of powdered ohedus
coal for charging. Quality of coal used for comirstalso
plays an important role in defining the PM emission
Calorific values of coal used across different &ilvaried
between 4568-6726 kcal/lkg (Figure 3) with an averaf
6000 kcal/kg. All kilns except one showed the ukbaiter
quality Grade B category of non-coking coal (cdlowalue
5600-6200 kcal/kg) as defined by MoC (2015). FigGre
shows the variation in calorific values and fuehsomption
across the kilns. An obvious inverse relationship i
observed. Ash content of the coal samples rangedekeea
15.7-38.6%. Figure 4 shows the variation in ashtemanof
fuel and corresponding change in PM emissions acros
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different kilns. A direct relationship is observéétween
PM emissions with increasing ash content in thé fue
Concentrations of SQin the flue gas in different kilns
varied between 62-189 mg/Nmwith an average value of
116+47 mg/Nm. Range of S@levels in this study was also
found to be lower when compared with earlier stsidie
Earlier studies report SOevels in the range of 29-610
mg/Nn? (SSEF, 2012). Levels of $@re highly dependent
on the sulphur content of the coal used for firifigne
sulphur content in the coal samples collected fdifferent
kilns was in the range 0.42-1.71%. Figure 6 shdes
variation in sulphur content of the fuel and copasding
SO, emissions, which again shows a direct positive
correlation between the two.

Average levels of CO across the ten monitored kitmged
from 235-680 ppm with an average CO level of 422116
ppm. Incomplete combustion of the fuel results e t
generation of CO. High levels of CO are observedhat
time of feeding of coal. Concentrations of CO were
observed to be above 2000 ppm at the time of fmdihg,
which slowly go down to as low as 186 ppm withinvfe
minutes after the fuel feeding activity. The timege CO
concentrations reported in earlier studies wakhérange
1400-1900 ppm (SSEF, 2012), which was again hitireer
the current study results, mainly on account ofedénces
in fuel quality and time of monitoring.

3.2 Emission Factors

Emission factors for PM, SOand CO were calculated
based on equations 1-4 and are shown in Figured67an
PM emissions derived per kg of fired brick rangedneen
0.81- 1.18 g/kg (average 0.93+0.1) and 13.16-29&0Q
(average 19.78+4.3) of fuel used. For FCBTK techgg)
GKS (2012) reported PM emissions of 0.86+0.74 gikg
fired brick and 14.15+8.91 g/kg of fuel used, while
Rajarathnam et al. (2014) reported an emissiornofact
0.89 g/Kg of fired bricks. Despite differences in
concentrations measured, PM emission factors derine
this study are in close agreement with the previous
estimates. This points to variations in brick pratibn rates
and quality of fuels used in previous studies dnsl work.
Present study shows lower standard variations whith
mean emission factor values in comparison to previo
estimates.

EF derived for S@varied between 0.57-0.71 g/kg
(average 0.66+0.05) of fired brick and 9.72-14.98gg
(average 13.03+1.75) of fuel used. Average, SEF
developed in earlier studies was 0.66+0.55 g/kdired
bricks and 10.45+7.38 g/kg of fuel used (GKS, 20There
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again the standard variations are found to be Iothan
previous estimates.

The EF for CO in the current study was estimated
to be in the range 2.07-2.80 g/kg (average 2.4@&30c?
fired brick and 40.65-56.83 g/kg (average 48.272p.8f
fuel used. These estimates are also in agreeménteailier
studies findings which reported for CO as 2.25 gikéjired
brick and 41.14 g/kg of fuel used (GKS, 2012).

V. CONCLUSION
Brick manufacturing sector is one of the significan
contributors to emission loads in many developing
countries. Emissions in the process are due to aise
primitive combustion technologies and limited {aijbe
controls. This study presents the latest measuremen
carried out in an important brick manufacturingstér in
India, primarily with an objective to reduce uneémties in
the emission factors. Emission measurements caotiéct
different kilns shows adherence to the nationahddeds
which are presently less stringent than many atidarstrial
categories. However, measurements show significant
quantities of uncontrolled emissions released ithe
atmosphere, as also presented in previous studies.
study presents the latest emission factors botterims of
bricks produced and fuel used in a typical brick
manufacturing cluster in India.
Brick manufacturing is increasing at a rapid ratéhw
growth in housing demands and construction aatisitin
countries like India. While there would be someuetibn
expected in this trend with the influx of alterwati
construction materials, there would still be sigrift
production of bricks in medium to longer term. Tkisidy
shows the emissions that could be attributed takbri
production activity. Options for control of thesmissions
lie in technological advancements and introductioh
advanced tail-pipe controls. Studies have repotteder
emissions from newer technologies like Zig-Zag. réhis
also a need to carry out cost-benefit analysis of
advancement to improved technologies by taking into
account the fuel efficiency and health benefitswLoost
tail-pipe treatment technologies also need to beeldped
which can be adopted by the industry for pollutamtrol.
For all this, there is a need to progressively nsader the
stack emission standards for the brick industry.
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Fig.4: Variation in ash content of the fuel and Bbhcentrations at different kilns
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Fig.5:Variation in sulphur content of coal and S@&centrations at different kilns
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Fig.6:Variation in emissions (g) per kg of fireddk for different brick kilns
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Fig.7:Variation in emission (g) per kg of fuel usadifferent brick kilns

Page | 670



