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EXECUTIVE SUMMARY

Brick-making is a significant sector in Bangladesh, contributing abqueércentt o t he count

gross domestic product (GDP) (BUET 2007) and generating employment for hbmillion
people. Due to the unavailability of stone aggregate, brick is the main building material for the
countryo6s const r uctanavwragohattauts.6 peycentpav lydgarmmHo9% r e w
2005. Despite the importance of brokaking, the vast majorityof kilns use outdatedenergy
intensivetechnologies that are highly pollutingn the North Dhaka clustérbrick kilns are the

c i t madnssource of fine particulate pollutiorf, accounting fornearly 40 percent of total
emissions during the-Bonth opeating period (Figure 1)This leads tdarmful impacts on health,
agricultural yields and global warming.

This report analysis the brick sector in

Figure 1: Sources of fine particulate Bangladesh and assesses the feasibility of

pollution in Dhaka cleaner alternative technologieShapter 1
"y introduces the rathale and study

™% 4" objectives. An overview of the challenges

7% B Brick kilns and opportunities of the brick sector is
26058 Motor vehicle present_edh Qhapter 2 C.hapter 3des_cribes
9% 0 _the main bncl<techr_10|og|e$urrently in use
‘ ORoad dust in Bangladesh, whil€hapter 4portrays the
main characteristics of cleanalternative
B Soil dust technologies. Chapter 5 estimates in

monetary terms the private and social
profitability of the selected technologies.

B Metal smelter

18% BZn source Chapter 6presentdessons fronChing the
B Sea salt wor | d &g bridk praddcer. Draing on
19% previous chaptersChapter 7 provides the
main conclusions and recommendations for
Source: Begum et al. (2010) ganggée%hsustamable brick sector in
OBJECTIVE S

The Fixed Chimney Kiln (FCK) dominates the brick sector in Bangladésspite its highly
polluting and energyntensivefeatures Such echnologies as the Improved Fixed Chimney Kiln
(IFCK), Improved Zigzag Kiln(I1Zigzag) the Vertical Shaft Brick Kiln (VSBK)and the Hybrid
Hoffmann Kiln (HHK) are substantially cleaneronsuning less energy and ertinig lower levels

of pollutants and greenhouse gdsBsitimplementation of these technologies in Bangladestilis
atapilot stage thus,their financial viability still needs to be demonstrated.

! The North Dhaka brick kiln cluster consists of 530 closely spaced kilns, located in the Tangail, Gazipur and the
northern Upazilasf Dhaka districts (BUET 2007).

2 Fine particulates refer oarticulate matter (PMyith diameterof less than 2.5 pm, whicis more harmful to health
thanPM with larger diameter (Pope et al. 2002).
¥ BUET 2007; Heirli and Maithel 2008V orld Bank 2011a

8



Thi s s tohjedtived are: (i) to presentthe pros and cons of existirand alternativebrick
technologie$in Bangladestwith specific focus on pollution and energy efficieny) to estimate

the private and socidlenefitsof thesetechnologie i i i ) t o summariimthe Chi ne¢
development of the brick industrgs the world leader brick producand {v) to provide concrete
recommendations fadoptingcleaner technologiea Bangladesh.

The originality of this reportstemsfrom: (1) primary data collection based on the IFCKVSBK

and HHK pilot projectsand on interviews with FCK ownerg) first-time economic valuatiorof

the overall impactsof different kiln technologies, andomparison among them; (3) first
comprehensi ve r exXihe w thé \worldPleéaderybeick predacerpexperienan
technology change and government regulation in the brick sddtog this report is expected to
substantially bridge the knowledge gap in terms of data collection, methodology and realistic
recommendationf the improvement ahebrick sectolin Bangladesh.

ScoPE AND AUDIENCE

The study focuses on the brick cluster located in northern Dhaka, which comprises 530 FCKs that
produce 2.1 billion brickannually( 14 percent of the cAstheliricky 6s b
sector isa prominentcontributor to air pollution in Dhaka, it is important to distinguish its
contribution to the cit yidchidingtranspop and bthet indostriesf r o m
Because ofimited data availability’ the aalysis relies on the most realistic assumptions drawn

from monitored data in Bangladesh or neighboring countriesNepalandindia). As a resultthe

estimated net returns for each technologyoaders of magnitudeatherthan precise estimates.

The primary audienceand the maimsefulnesof the reporiare

(i) the Ministry of Environment and Fores{MOEF), who can benefit from an evaluation of
the real magnitude dhe environmental externalities caused by different brick technologies
(health problens and carbon emissions

(i) the Bangladesh Brick Manufacturers and Owners Association (BBM@AY can use the
recommendations astaol for discussing the importance thfe brick sectommong other
industriesandfor introducing cleaner brick practicestime countryand

(iii) the Ministry of Industies (MOI),who can use the information to speed up the recognition of
the sector as @rmal industry.

METHOD

Estimating the net returns from each technology is based on the Cost Benefit Analysis (CBA)

* The analysis covers only a set of technologies for which data could be made available (FCK, IFCK, VSBK, HHK).
Other technologies, though successful throughout the region, could not be included, either because of lack of well
documented information (e.tZigzag) ortheir unlikely viability in theBangladesttontext(e.g. technologies based on
nonfired bricks due to the non availability of cement and stone chips and weather condifidresefore, the
implications of this analysis refer only to the teologies covered by this report.

® These include an IFCK piloted in Rupganj (Narayangunj) during the preparation of the Clean Air and Sustainable
Environment (CASE) project (DRA 2009); a VSBK piloted with funding from Energy Sector Management
AssistanceProgram (ESMAP) (DAPA 2010); and the preparation by the World Bank of an Emission Reduction
Purchase Agreement (ERPA) for a HHK in Savar (World Bank 2011a).

® For example, datan pollutantemissions per unit of bricks and dispersion patterns.
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approach.The analysis measures the net returns from the private and sospégqtivesdefinedas
follows:

1 Theprivate (financial) CBA: The anal ysi s f r oviewpoihtecludes &llr e pr e
costs and benefits for the entrepreneur.

1 The social (public) CBA: The analysis from the social viewpoint includes the costs and
benefits from the private CBA, as well as the social and environmental impacts of brick
kilns, includingthe healtreffectof air pollution and the cost of G@missions.

Table 1 depicts the valuation methods used to estimate each cost and Gémeéihalysis refers to
the year 2009, uses a time horizon equal to thesfisof a kiln (20 years)and a discount rate of
10 percent.A sensitivity analysis of net returt@ changes in discount ratessthen carried out.

Table 1: Valuation methods used

Type of analysis | Types of costs and benefits Valuation method
Costs:- Investmentland buildings,operating )
Private costs, taxes Market prices
Benefits: Value ofbricks Market prices
Costs: - Investment,land, buildings,operating| Real prices
costs
Social - Health impact of air pollution Disability Adjusted Life Years (DALYs)
- CO; emissions Price on the carbon market
Benefits: Value of bricks Real prices
RESULTS

Theoverall resultsof theeconomicanalysis indicate that:

1 Cleaner technologies (i.e. VSBKHHK) are the most socially profitable ones while
polluting technologies (i.e.FCK) are socially unprofitable. VSBK and HHK are the most
socially profitable technologies, with net benefits of TKBB per thousand bricks. In contrast,
the high costs of apollution andCO, emissiongnake theFCK socially unprofitablewith net
socialcosts of TK3 per thousand brick&igure 2.

Figure 2. CBA results for different brick

9 Though socially unprofitable, FCK technologies

Is the most commonly implemented

technology in Bangladesh FCK 140 1 107 108 116
accountsfor more than 90 perceruf ” 1(2)8: 103
brick kilns in Bangladesh. The lov 35 4 |
investment cost and the abilty t S g -
operate on lowlands explain th &8 40 -
FCKoés dominance i F 20-
0 4
 Adopting cleaner technologies is 20 - Private -3 social

hindered by their need to operaten
flood-free lands (i.ehighland) which
arescarce and expensivin addition,

BFCK OIFCK BVSBK BHHK
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some technologies (e.g. HHiKgquire substantial investmenthich areunaffordable for most
FCK ownerswvho operate on rented land that cannot be used as collateral.

Specific resultof the analysis el at ed t o the kilnsé social and

9 Currently, FCKs contribute up to 20 percentof the total premature mortality caused by
urban air pollution in Dhaka (all causes combined). The Bangladesh Country Environmental
Analysis reports that poor air quality in Dhaka contributed to an estimated 3,500 premature
deaths in 2002 (World Bank 2006)Emissions of PNy and PM sfrom the Kin cluster north of
Dhaka are responsible for 750 premature deaths annuals, current FCKs are likely to
contribute up to 20 percent of total premature deaths in Dhaka due to poor aif quality

1 Replacing the brick cluster north of Dhakawith VSBKs would reduce currenpremature
mortality by more tha®0 percentreplacement by HHKs would reduce it &% percent

1 Adopting the VSBK or HHK can provide considerable carbon benefits The FCK provides
the highest unit cost of carbon emissions (TK4 mick®), primarily because of the high coal
consumption.By contrast, the low coal consumption makes the VSBK and the HHK the cleanest
technologies in terms of G@missiongless than TK3 per brigk

The review of C h i s120d@ear experience in thdrick industry developmentshows that
transformativechangeoccurred through (i) diversifying raw materialsby using mixed waste
materials (e.g. fly ash, gangue, coal dust and coal sl(iijytiversifyingwall material productsby
producing hollow biks, nonfired bricks (now accounting for 50 percent of total bricksdl (iii)
increasing the scale of brick enterprises and productivity, thus saving land and ehkergy.
combination of government intervention (e.gegulations for phasing out traditionsdlid clay
bricks) and financial incentives (e.gpecific funds angreferential tax policies on promoting new
brick product¥ played an important role for the success of tnésformational changelhis
experience suggests that it is now the timeBangladesh to begin its transformative development.
How to achieve this developmenter the next 20 yearsthe focus of the next section.

PoLiIcY RECOMMENDATIONS

Ban gl ahltiek sdetérss characterized by outdated technologies with low energy efficiency and
high emissions; low mechanization rate; dominance of ssgale brickkilns with limited financial
capacity; and dominance of single raw material (clay) and produict ¢y brick). Adopting gas

based cleaner technologisshampered by serious energy shortage and land scarcity.

How long can the country afford making bricks in this wayie current status is by no means
sustainable Bangladesh hasvery reason to ugradeits brick sector in order to save valuable
natural resources, reduce air pollutiand increase energy efficiencyhe governmenhasalready
established regulations that btoe use of fuelwood and FCKs armhsreconsidered the location

" Becauseespirable®PM in Dhaka ha concentrations exceeding the standards for more than 100 days a year.

8 The industry and transport development after 2002 most likely increased the number of premature deaths in Dhaka;
however, updated estimates were unavailable at the time of the analysis.

? In present value terms.
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and heighof brick kiln chimneys. However,transformative development of the brick indudias
yet tooccur.

This report suggests th#tte development of the brick industry in Bangladeskr the next 20
yearsshould aimat (i) moving from traditionalbrick-makingtechnologies (e.g. FCK) toleaner
ones(e.g. HHK, VSBK] (ii) diversifying productge.g. hollow andperforated bricksand locally
available alternative raw materials; (iii) increasing the proportion of iscgke enterpres with
higher cgpacity to adapt to cleaner technologi&s. achieve these goala, summary of concrete
recommendations srovidedbelow.

In the short-term:

1. Recognize brick kilns as formal industry. This would enablesasier access to financial
resourcegwhich in turnwill enable investment in cleaner technologies and access flood free
land) and improved working conditions.

2. Create aBrick Technology Centerto raise awareness about the benefits of cleaner
technologiesThe center should: (a) disseminate informatonthesocial benefitprovided
by cleaner technologiesnew wall materials (e.g. perforated and hollow bricks) and
alternative raw materials; (lgromote pilot projects of new technologies withproved
provisions (e.g., mechanized, higher labor produityivand larger product lines)(c)
improve use of existing dissemination channalg.( field visits to pilot plants, video
demonstrations of the technologies, use of the Bdagtpuageand introduce new channels
(e.g, newsletters, industry journalsyrferencesand hternetblogs)

3. Supportresearch and developmeaiming at:(a) exploring alternative raw materidlshat
are locally available, brick diversification, and use of higher level of mechanization; (b)
conducting new studies such as energy consumption studies, land surveys, and brick
technology surveys

4. Facilitate the availability osubsidized credit lineso account for reduced health impacts
from pollution and of otheeconomic incentivesupporting the production of new wall
materials and use of alternative raw materials (e.g. via specific funds and preferential tax
policies, as in China)

5. Provide accestocarbon markets on account of the carbon emission reductions provided
by cleaner technologies

6. Train several stakeholders with regard to the benefits of adopting cleaner technologies (e.g.
brick owners, workers and the financial sector)

10 A word of cautiorshould be mentioned abbthe usealternative raw materials, where strong quality control should
be kept in regulatorsd mind. Some alternative raw mat et
human health. Pertinent policies, laws, and regulations neagl developed and set up to make sure no hazardous raw
materials are used while they are adopted in the industry. In the past few years, local governments in China have
strengthened regulations to prohibit hazardous materials from being used for wakinpadetuction and developed a
series of standards for quality control of new products, to safeguard favorable development of this industry.

12



In the medium term:

7. Enforce the existing regulations and policiesuch as the ban of traditional high polluting
kilns (e.g. FCK, BTK) particularly those located close to large population centers, upstream
of the wind (north) in thelry season (November to April)

8. Introduce regulations and policies that encourage adoption of cleaner technologiash
as: (a) reviseemissions standards for brick kilns under ECR97 to make them technology
independent and to encourage brick diversification (e.g., perforated or hulicke for
partition walls); (b) establish proper emission monitoring for brick kilns; (c) impose an
emi ssi on | evy -pbaays epdr ionmesijppesthnd staedtgrds for the entire
brick value chain: from raw materials to production proessand equipment and final
products to building designs and construction processes

9. Develop industrial parkdo accommodate a large number of industries on ffoee land.
These parks would mean less cost for kiln owners, due to the economy of scaledatlyi
providing the basic infrastructure for all kilns (e.g. roads, electricity, water) and other
facilities (e.g. schools for the employees
kilns establishment compared to the current situ&tion

10.Improve working conditiondy introdudng higher levels of mechanization, social programs
to reduce child labor, occupational safety and health measures in kilns.

" World Bank (2011) assessed that 6,400 acres of land would be needed oyeraa @@®gram to build new factories

in either brick parks or in other places specifically designated for brick production. At the same time, about 3,300 FCK
entrepreneurs would have switched to VSBK and/or Zigzag factories, freeing up approximately 8,000 acres of lowland
for cultivation.

13



CHAPTER 1. INTRODUCTION

With about5,000operating kiln&’, brick-making is a significansector in Banglades{Box 1.1)
contributing aboutl percentt o t he countryods gr oss gahertivte st i ¢C
employmentfor about1l million people(BUET 2007) Brick is the mainbuilding material forthe
construction industry, whichas been growing at abobit6é percentannuallybetween 199%nd

2005, leading to aastimatedyrowthrate of 2 3 percenfor the brick sector.

Despitetheimportance of the brick sector, about 95 percent of kiseoutdated energyintensive
technologes that are highly pollutingfhoselocated in theNorthDhak a c¢c |l ust emanar e t
source of fine particulate pollution'®, accounting for40 percent of it during the 5-month
operating periodThis causesharmful impacts on health (from particulatette) and agricultural

yields (fromnitrogen oxidesgndcontributes taylobal warming (from carbon dioxideAs Dhaka is

one of the most polluted cities in Asia (Figure'4),1addressing the impact of brick kilms
pollutionin this cityis very imporant.

New technologies, such as the Vertical
Shaft Brick Kiln (VSBK and the

Figure 1.1. PM,, Concentration levels: Dhaka
and other Asian Cities

180 - Hybrid Hoffmann Kiln (HHK), are
@ 160 - substantially cleanerthan the Fixed
£ 140 - Chimney Kiln (FCK) currently used
3 120 - These improved technologiesonsune
3 100 - less energy and emit lower levels of
§ 80 - pollutantsand greenhouse gadg3HGS)
E 60 - (BUET 2007; Heirli and Maithel 2008;
S 40 - World Bank 2011p However, because
’g 20 J I I I L the use of these technologies in
0 - . . - - Bangladesh istill in the pilot stageof
Beiing Dhaka New Delhi Kolkata Shanghai implementation their financial viability

(comparedwith that of theFCK) still
needs tde demonstrated

The objectives of this studyare: (i) to present the pros and cons of existing and alternative brick
technologies in Bangladeshith specific focus on pollution and energy effiocy; (ii) to estimate

the private and socidlenefitsof these technologiesi i i ) t o summari ze Chi ne
development of the brick industry, as the world leader brick prodarcd(v) to provide concrete
recommendations for adopting cleatechnologies in Bangladesh.

12 Kiln estimatesvary by sourcerangingfrom 4,140 (GEFUNDP, 2006) to 5,000 (BUET2007) andup to 6,000
(informal estimate(DOE 2010). This reportusesthe latest survepased data of 5,000.

13 Fine particulates refer 8BM with a diameterof less than 5 pm, which are more harmful to health than particulates
with larger diameter(Pope et al. 2002).

% Data refer to 2006 and are based on the Department of Environment (DOE) for Dhaka and
http://www.baq2008.org/abotiangkok/airguality-and-climate-changeactionfor the other cities
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The studyconductsa Cost Benefit Analysis (CBAbhat considers not only the direct costs and
benefits for the entrepreneur, but also the impacts of air pollution on health and the effects of CO
emissions orclimate change The analysis focuses on the brick kiln cluster north of Dhaka city,
whichisone of the countryds major brickfield area

The originality of this report stems from: (Primary data collectionbased orthe IFCK (DA-PA,
2009) VSBK (DA-PA, 2010)and HHK (CDM, 2009)pilot projects® and on a series ofnterviews
conducted withiFCK owners near Dhaka. (8jst-time economic valuationof the overall impacts

of different kiln technologiesand comparisonamong them (3) first comprehensive reviewf 20
yeas 0 o f e worlh Geader prick producér experiencein technology change and
government regulatiom the brick sectorto provide lessons learned for Baatgsh As such, this
report is expected tesubstantially bridge the knowledge gap in terms of data collection,
methodology andealisticrecommendations faheimprovement of Bangladedirick sector.

As the first attempt to estimate the social impacts of brick kilns in Bangladesh, the accuracy of the
estimats issometimes constrained by data limitatioimssome cases, data constraints imposed the
use of conservative assumptiors. other cases, e lack of data waseplaced by information
available from theimplementation of theséechnologies in neighboringountries(e.g. Nepal,

India). As a result, all valuations should be regardedrdsrs of magnitude rather than precise
estimates.

The study was initiated in 2009, following several consultations with stakeholders in Bangladesh. It
draws on twaanalysesompleted under the Clean Air and Sustainable Environment Project (Credit
4581-BD) (DAI PA 2009 and 2010)The present studyrovides input to a potenti&y large brick
operation that will result icleaner air quality for the city of Dhaka.

This report is organized as follow€hapter 2 presents @& overview of the brick sector in
Bangladesh, focusing on its challenges and opportunit@sapter 3describes the main brick
technologies used in Bangladesthile Chapter 4portrays the mairchaacteristics ofcleaner
alternativetechnologiesChapter 5estimates in monetary terms the private and social profitability

of selected technologie€hapter 6presentghe experience of China,he wor lidbrisk | e ad ¢
production Chapter 7provides he main conclusions and recommendationsafdrievinga more
sustainable brickectorin Bangladesh

!5 These include an IFCK piloted in Rupganj (Narayangunj) during the gaima of the Clean Air and Sustainable
Environment (CASE) project; a VSBK piloted with funding from Energy Sector Management Assistance Program
(ESMAP) and the preparation by the World Bank of an Emission Reduction Purchase Agreement (ERPA) for a HHK in
Savar.
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Box 1.1 Brick is an important construction material in Bangladesh.

Bangladesh has very limited supplafshatural stones. About 44% of house®haka
(according to the 1991 census) were built using bricks as the major wall mj
(Rashid, 2007). Bricks are also widely used, not only for housing construction, byt
for construction ofoads, pavements, bridgasjgation structures and asgygregate in
concrete mix (FAO, 1993).

-~

Houses (dwelling units) by construction material in Dhaka City

Material of wall

Total no of houses

%

Straw, Bamboo 342,820 31%
Mud, unburnt brick 125,467 12%
C.l. Sheet, Metal 142,319 13%
Wood 2,969 <1%
Brick / cement 474,803 44%
Total 1,088,378 100%

Source:Bangladesh Population Census 1991. Vol. 3., Urban Area
Report, 1997 (Cited by Rashid, 2007)

=

In Bangladesh, for centuries traditional houses have been built using locally av
materials. Historically, bamboo has been the most important building materi
housing. Even today bamboo is still widely used. As a result of economic gr
constuction activity expanded steadily and more houses are nowadays
constructed with brick material (along with cement, titled roof, corrugated iron s
and reinforced concrete).

- o~ O MY
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CHAPTER 2. OVERVIEW OF BANGLADESH 8 BRICK SECTOR

Brick makingisi ndi spensabl e f or TBhoughmadt forthallg recognized asram my .
industry, brick-making is a significant economic activity Bangladesh(Ministry of Industries

2010."° Thec o u n toverwidebningdependence on bricks is dueits lack of stones in any
sizable quantityr other alternative building materials at comparable. d@dile2.1 summarizes the

main characteristicsf the brick sector in Bangladesh.

Table 2.1: Snapshotof B a n g | a driekssécidrg2011)

Parameter Value

Estimated totahumber ofcoakfired kilns 5,000

Number of naturagasfired kilns 20

Annual brick production 17.2billion

Value of output TK83billion (~US$L.2billion)”
Contribution to GDP ~1%

Coal consumption 3.5million tons

Value of mporedcoal TK22.6hillion (~US$322million)
Firewoodconsumption 1.9million tons
EmissionsCO, 9.8 million tons

Clay consumption 45 million tons

Total employment (incl. supply of clay and coa ~1 million people
transport of bricks)

Growthrateof the construction industi§19952005) 5.6%

Estimated titure growth rate of the brick sectorover 2-3%

the next ten years

SourcesBUET (2007) Gomes and Hossain (200a)d World Bank (2014)
"Estimated at @erbrick price of TK5.5

Brick kilns in Bangladesh are mostly informal and small-scale operations.More than90
percent of brick kiln owners are smaltale operatorsMost FCKs are individually ownedvith
eachowner possegssg one kiln only. Multiple ownership of one kilmandmultiple kilns underthe
sameownershipare rare In afew cases, established business houses own brick kilns that are part
of a portfolio of industrial establishment3he kiln ownersare organizedasthe Bangladesh Brick
Manufacturers Owners Association (BBMQA)This assocdation is expected tesupportactions
perceivedas beneficialto the interest of its memberthus, it must be involved in any reform
concerninghebrick sector

' There are two main underlying reasons for lack of industry recognition. First, while- 2malMediurrsized
Enterprises (SMESs) in Bangladesh are defined in terms of employment provided, brické#aasonabperations that

do not provide yearound employment. Second, most brick kilns are located on rented land and do not have fixed
assets (except for the chimney).
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Regulating the brick sector has improved considerably; however, enforcement is still needed
The Governmenbf Bangladesh (GOBhas demonstrated serious commitment to reiggjdhe
brick industry througha series ofneasure¥:

)l
T

T

1989 The Brick Burning (Regulationict of 1989 B a n g Ifirat dreclsnhakirgy law,
banned theise offirewoodfor brick manufacturing@ndintroduced licensing for brick kilns.
2001 Thel989Act wasamended to regulate the location of brick kili$ie new provision
requirel that brick kilns rot be set up within 3 km of thepazilla’® or district center
municipal areas, residential aregarders, andthe governmerdh seserve forestS Despite
this amendmenthe location requirements have not been enforaed use of firewood still
continueson a limited scale.

October2002 The GOB introduceda rule that made the use of 1:20chimneys for brick
kilns compulsory This requirement was successfully enforaespecially in the vicinity of
urban aregsandmostBu | | 6 s T (BIKskwere #pgradedsto FCK technolatfy
March 2007 The GOB issuednotification that environmental clearance certificatesud
not be renewed if the ownergldot shift to alternative fuel anchproved technologieby
2010. However this regulation has not be@anplementedsince little onrthe-ground activity
occurredo facilitate theswitch

July 2010 A new notificationwas issuedbanning FCK operatiothree years from this date.

Outdated brick-production technology andseasonality of kiln operations hinder bricksector
productivity. FCK technologyis more than a century oldThe brick sector has largely grown by
replication of existing kilns with little variation in kiln design or operatioBrick-making is a
seasonlaoperation. Because kilns areften located in lowying areasthat are floodediuringthe
monsoon, the operatiahperiod averages aboi months out of thgear. Employment in brick
kilns isthereforealso seasonal, involving migrant workers who receive low wagé perform hard
physical laborunder hazardous conditionsAs a result, annual production averages abddt 3
million bricks per enterprise(BUET 2007), compared to 12 milliostandard Chinesbricks
(equivalent to 9.2 million Bangladesh bricKg)er enterprise in China EP 2009).

Most brick kilns have low energy efficiency and are highly polluting. Most brick kilns in
Bangladesh burdow-quality coalimported from India with a high content of sulfur (about 5
percent) and clinker contéft Dependene on this type of coal is likely to continue in the
foreseeable future Owing to Bangladest surrent energy shortagethe GOB decidé not to

" Annex D presents a detailed review of the laws and regulations related to the bricknsBatagladesh.

18 The termupazilla, which literally means subdistrict, refers to an administrative entity in a district (several upazillas

constitute a district).

91t shouldbe noted thatesidential areas definedasan area having at least 50 familjeshile gardenis definedas
onehaving 50 fruit or forest plantdJsing these definitionst is nearlyimpossiblein reality to find land for brick kilrs
in Bangladesh The BBMOA often cites this as a major deficiency in the law.

' However, some BTKsantinue to operate, albeit illegally.
ZBricks producedithi na are smaller than the bricks produced

Brickso). 1 Bangl ades h BridgkiFar komparisbpupds@sChHihesesStaddard Bicks@dve n e s e

been also expressed in the equivalent Bangladesh size (detail information on the size is provided in Chapter 6).

22 Although Bangladesh produces highality coalwith low sulfur contenti.e., less than 0.perceny, virtually all of it
is used fora mine mouth power plant anilus isunavailable for brick kilns.Occasionally, during neoperatioml
periods of the power plant, local coal becomes available for brick kilns.
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provide natural gafor new brick kilns. Moreover,the 20 existing gadired kilns are facing clage
(Box 2.1).

Box 2.2 Ban gl aHnergytBliodage

Bangladesh faces up te8D0 MW of load shedding Accordingto the latesdatafrom thePower Divisionof
the Ministry of Power, Energy, and Mineral Resourcesh e countr yo6s ga&boue3BGOt|i
4,300 MW, with apeak demandf about5,500 5,800 MW.

At present, the electricitgccess rate is still as low as 47 percént2009, peicapitaelectricity consumptior|
was only 22kWh (50 percent of India, 40 percent of Vietnaénsnd 9 percent of Chiidgs

o
=}

In addition more than 88 percent of electricity is generated fratural gasbased power plantsThe
reserve ofnatural gas is limitedand domestic production is expected to peak soon if new resme/rot
found. Power plants and other industrial sectasch as fertilizer and steel producti@ompee for the
limited natural gas supplyUnder these circumstances, the GOB has ddaimdé to provide natural gas {o
brick kilns, and existing gafired ones fae closure due to supply shortage.The countryexpectsan
enormousncreasen electricity demands economic growtkhontinues &t a rate of B6 percent per year
As supplyshortage of natural gasrelikely to growin the future, more coal might be demanded for pojer
generation and industrial sectors.

Source:GOB (2010)

Most operating kilngonsume about8i 22 tonsof coalto producel00,000 brickyBUET 2007)
Coal burnng by kilns releases pollutantgarthe atmosphere, leading to harmédfectson health
(e.g, from PM) and agriculturalyields (e.g. from NOx) and contributing toglobal warmingand
climate changde.g., fromCQO,). Adopting suchmodern kilns as thémproved ZigzagVSBK or
HHK would mitigate some of the abovmentionedimpacts due to their lower coal consumption
(12 15 tons per 100,000 brickBUET 2007;World Bank 201).

Brick kilns have a negativeeffect on agricultural productivity . Almostinvariably, goodquality
topsoil from agricultural fields with high clay contems usedin Ba n g | a Hrieks Kir.s
Depletion oftopsoil with high organic contefor brick-makingis a major concern for agricultural
production In addition, &id deposis from the sulfur dioxide $0O,) andNOy emitted from the brick
kilns negativéy affect agricultural productivity.

The weak financial situation of most kiln operators hinders the adoption of modern
technologies Most kiln operators hava weak financialbase with limited or no access tbank
financing Becausebrick-making is not formally remgnized as anndustry, kiln owners cannot
avail themselves of the concessional loan windows of financial institutions for the SMEs.
addition, nost kilns are @ablished on rentetbwlandsthat camot be used as collateral to access
finance. As a resultpnly shorttermworking capital firancing is available to kilowners Box 2.2
summarizes the main barriers faced by the brick sector in Bangladesh.
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Box 2.2:Barriers facing the brick sectorin Bangladesh

The barriers that have contributed to thel curr e
bring aboutchangesnclude:

- Lack of supporting regulations, fiscal incentives and standards to encourage more energy [efficient
practices and technologieExcept for some efforts to regulate the sector, the government hag made
little effort to establish effective boundary limit ession standards;

- Little and no governmental activity to assist the brick sector to undertake comprehensive pfograms
so as it to make it cleaner and more profitalideick owners usually were left to bring in changep of
their own which they have oftemifed to do, because of the vicious cycle of low efficiehdgw
income.

- Lack of knowledge and access to energy effitaaitnologywhich can lower production costs at the
same time. Comprehensive dissemination programs that demonstrate thelpmtenteic benefit
of energy efficient technologies have yet to be carried out.

[72)

- Lack of access to liquidity to finance modernization of brick making opera#sngaditional brich
kilns have seasonal employment, they have not been included irsth hecognised SMEs apd
thus, are not eligible for concessional SME loan windows.

- Lack of capacity in terms of technical and business skills at the enterprisettatetould bring
changes towards improved efficiency and reduced pollution.

- Limited experience of commercial lending institutions with SMEs and in particular, brick SME$
Source: UNDP (2010)

Lack of access to finance constraind e 0 wapacity so@ddopt improvedechnologes that
would reduce pollution and increasaergyefficiency. Thus, for small operatorgycrementallow-

cost retrofit technologyappears better suited for upgrading kihs.ower-emission higher
efficiencykilns (e.g, coatbasedHHKSs) cost10timesor morethanthe FCKs World Bank 2011a
Moreover,these kilns operate yeasund on highlands above flood ley#iese arscarce anthose

near major cities areery expensive Because of these constraints, current FCK owners are unlikely
to adopt theHHK or other modern technolas unless floodfree land is made available to them at
an affordable cost

% Retrofits for existing FCKs are improvements to increaseggnefficiency and reduce pollution levels. Energy
efficiency improvements are achieved by using internal fuel (i.e., mixing powdered coal in green bricks); a brick
stacking arrangement, and better insulation to reduce heat loss to ground and througbf thedrsidewalls.
Decreasing pollution levels is achieved through-fias scrubbing and use of internal fuel.
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CHAPTER 3 EXISTING BRICK TECHNOLOGIES

Bangladesh usdsur main types of kiln technologies,
as presented in Table 3.1. The Fixed Chimney Ki
( FCKs) and the Bul I, abkich
form more than 9(ercent ofkilns, are very polluting
and relatively inefficient. The gdsased Hoffmann
kilns and the coabased Zigzag kilns are substantial
cleaner, but represent just a few percent of the ta
The following sections discuske characteristics of all
these technologies, except for the BTK, which is n¢
banned.

Source: DAPA, 2010

Table 3.1: Existing brick kiln technologies in Bangladesi{2009)

Kiln type Number Percent of total Brick production #* Percent of total
kilns (%) (billion bricks) production (%)

FCK ¢ 4,500 92 15.8 91.4

BTK n.a. n.a. n.a. n.a.

Zigzag ¢ 150 3 0.6 0.0

Hoffmann (gas) ¢ 20 0.4 0.2 3.5

HHK ¢ 10 0.2 0.2 14

Others ¢ 200 4.0 0.5 0.9

Total ¢ 4,880 100 17.2 100

Source: DOE 2010a. n.a. = ragiplicable.

3.1. Fixed Chimney Kiln

FCK is the mainstay technology for the brick sector in Bangladesh.very polluting, energy
intensive and requires relatively levost investmert. FCK dominates the northern Dhaka kiln
cluster, are located on lowlands and operate #®mn%onths a year.

The above figurdllustrates an FCK under operation emitting black smoke because of incomplete
combustion of coal. The FCK is based on the traditiddTK technology, which dates back to the
19" century. While the BTK uses tw&0 feet® (ft) high moveable chimne$% theFCK has a fixed
chimney of about 12030 ft height. The tall chimney providedaster and better dispersion of the
flue gas and itpollutants compared to the BTKIThe FCK has an elliptical shape and measures
about 250 ft long and 60 ft wide. It is constructed mostly in open fields either over ground or
partially underground. The bottom and the sidewalls are lined with bricksFTKeuses green
bricks that are manually produced from mud processed in pudiréifspresented in Box 3.1. The

%4 Based on an averageoduction for each kiln type: about 3.5 million bricks for the FCK, 4 million bricks for Zigzag,
12 million bricks forHoffman, 15 million bricks for HHK and 2.5 million bricks for others.

% The average investment cost is about TK4.8 million and includes the costs of construction (kiln structure, chimney)
and of machineries and other equipment (based on a Septembere2@@arfvey in Dhaka).

%1 foot (ft) = 0.3 meter (m)

%" This causes wgery poor dispersion of the emission plyrtfaus ahigh level oflocal air pollution.

8 Stamping machines are rarely used for green bricks forming.
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wet green bricks are sun dried and loaded in the kiln in a standard way developed over time with
provisions for airflow and coal stoking. Ondeetgreen bricks have been loaded in the kiln, the top
is covered with two layers of bricks and dirt for insulation.

Box 3.1 Green brick preparation

Step 1Pugging
Puggingcan be done either manually or by machipe.
Pugging is the process of breaking soil lumps fwto
smaller grain size and uniformly mixing it with

water. Pugging ensures homogeneity of soil for bfick
making.

Step 2:Manual Molding
Molding is the proceswhere pugged soil is given|a
specified shape of the bricks, using mould boxes.

Step 3:Drying
Drying occurs naturally under the sunlight. It is the
process of removing the water content from grgen

bricks. Drying is important because green brjck
require less energy.
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3.2. Zigzag Kiln

The Zigzag kilnsusedin Bangladeshare replications of similar Indian k#ndeveloped bythe
Central Building Research Instituf€BRI) in Roorkee India during the 1970s. Tley are fairly
similar to Habla kilis once widely used in Germany and AustralmmBangladesh, the Zigzag kilns

are concentraed in the Comilla region(Gomes and Hossain 2003j. droperly constructed and
operated zigzag kilnswould result in better energy efficiency and lower emissioiifie energy
efficiencygains are due to better insulation and improved heat tratstle green bricks The
emission reductionare due to lesser fuel use, better brick stacking, zigzag air flow over longer path
andflue gas scrubbing in a water filled duct connecting to the outlet chimney.

A Zigzagkiln is rectangular antypically measuresbout250 ftlong and80 ft wide. It has a 55 ft
high fixed chimney located on one side of the .k#in induced draft fafocated &the bottom of the
chimney draws the flue gas from the kiln and dischargesatthe atmosphere. The inducewhft
fan ensures well-controlled airflow through the kilnThe kiln is divided into 44 to 52 chambers,
separated from each othay green bicks in a way that the hot gasoves in a zigzag path through
small openingsThe longtravel path of bricken azigzag pattermnd thecontact of hot gaom the
firing zone with bricks in the preheating zone contributethe transfer ofmore heat in the
preheating zone. Thuhe flue gas rather than the fuelheats up the brick$n addition, the waste
heatin the flue gaselpsto better drying andeducing the moistureontent in bricksThese effects
promote reduced fuel consumptjagreater efficiencyand higher brick qualityyompared to the
FCKOdos.

Thef | ue gasd repeat edimungiagmryteeswalls and stacked lritks lead to a n d
the deposition of significant amounts of particulate matter mostly on the green brick surface. The
deposition of particulates implies that the flue gas has much less particulate load. This could be the
reason foreduced Zigzag emissions compared to FCKs emissions (Figre 3.

The Zigzag kiln also incorporates a simplified flue gas scrubber. The connecting duct between the
center of the kiln and the inlet of the induced draft fan is half tethivd filled with water. The flue

gas laden with dust particles impinges on the water thus losing some of its particulate load (Figure
3.4). The water is periodically cleaned to ensure continued scrubbing.

The Zigzag kilns in Bangladesh have been implemented with theohelgisans without expert
supervision. Thus, it has not been possible to ensure proper construction according to certified
design, which is important in reducing the levepafticulateemissions. To achieve this goal, it is
essential to: (1) try out éhtechnology with expert professional input; (2) develop certified design
specifications for construction and standard operatingepitwes (3) establish good operational
practices and management. In the absence of such a systematic approach, natomigtimet be
significant reductions in emission levels, but the local pollution may actually increase due to
reduced chimney heigiit

2 By allowing the heat to flow in a zigg pattern rather than in a straight line, the combustion rate is substantially
increased.

%¥As previously noted, a Zigzag kiln usually has a 55ft
Zigzag kiln owners have increased the chimneighitewhen they found the poor emission levels from these kilns.
(Personal communication with kiln owners, Dhaka, 2010).
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Figure 32 One of the furnaces on top of a chamber

Figure 31°! Placing bricks for firing: Bricks are
g 9 9 through which coals are poured.

placed in blocks in each chamber according to the
shape and size of the chamber. In this picture, each
block has 7 columns, each column containsl&3

bricks, and there are 121 layers of brick.

igure 34 Depositedresiduesfrom smoke. Smoke

= b A from the chamber comes to a channel before it is
Figure 33 Hollow Space for fire and air movement. released. The channel is connected to another
Thereddsh@bl ow space i n b e4ngeewynd ghangel whigh ig hgfifilled with water.
and the row and also in between two chambers for The smoke and vapor from the kiln is extracted by a
fire and air movement. blower pump. Since the smoke flowseowvater into

the underground channel, a large portion of the
suspended particulate matter is extracted from the
smoke and deposited.

Figure 35 Firing bricks. There are 18 furnaces on
top of each chamber through which coal isizal
intermittently for burning the bricks.

Figure 36 In the front the zigzag chimney emitting
cleaner smoke, than the FCK black smoke in the
rear.

L Figures 3.1, 3.2 and 3.6 were taken by M. Sarraf in 2010.
Figures 3.3, 3.4 and 3.5 were taken by N. Sharmin in 2010
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3.3. Hoffman kiln (natural gas)

Hoffman Kiln (HK) was developed in Germany by Friedrich Hoffman in the miijcEitury and
was once widely used in Europe for brick, ceramics and lime production. Natufakgadoffman
kilns were introduced in Bangladesh during the 1980doffmankiln is rectangular and measures
300400 ftlong and60 ft wide. HK have excelleninsulation provided by thehick kiln walls thus
heat loss is greatly reduced. The emissions are also very low due to theatgalfgass fuel.

Figures 38 to 3.13illustrate the general configuration of a Hoffmann kiln. Building this type of kiln
requires special engineering expertise. The main differeetgeen Hoffman and the traditional

kilns is that HKis build on high land, which does not get flooded and édean produce throughout

the year. In addition, the HK has a roof which makes it possible for the plant to operate even during
the rainy seasdf The inside roof of the kiln is arched and has a firebrick lining on the inside
surface. The thick walls prade good insulation thainimizes heat loss

The chimney isabout 80100 ft high with an induced draft fan at the bottom. The flue gas is
conveyed towards the chimney through a network of channels just below thelténfire is
controlled by merely adpting the gas flow rate ary opening and closinthe dampers located at
selected points in the flue gas netwidrk

Green bricks are stacked in the kiinthe same way as in FCKEhe bricks are fired fromhe top

by introducing thenatual gasinto the combustion zone through pipge burners. This firing
practice is identical for atlypes ofkilns in Bangladeshexcept that in the other kilnsoal particles

are manually charged every-30 minutes fronstokingholeslocatedat the top of the kilnThegas
burnersoperate in a steady state. When the bricks from the firing zone are sufficiently burnt, they
are moved to the next section. During the firing procésspurntbricks are unloaded at the back
while green bricks are stacked in front of tlieg zone.

%2 However, during the rainy season {g#ason), brick production decreases significantly because of frequent rainfall,
high humidity and reduced sunshine. For this reasomesmanufacturers overproduce green bricks during the dry
season andare them forthe rainy season. However, this requiaeiequate storage faciéis (which areexpensivg and

clay production during oféeason (as harvesting of clayeixtremely difficult during the rainy sea3on

33 Controlling the fire is the most difficult part dfi¢ whole operatiarbecause burners have to be physically moved.
The process requires closing of pressurized gas lines and shifting of burners to other points on the suphlguine
the knowledge of brick temperature
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soil from storage for pugging.

Figure 3.JLSemi mecanically molded green
bricks.

% Figures 3.7 to 3.12 taken by Barraf in 2010
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Figure 38 Mechanicalkransportof green bricks.

Figure 3.D Gas pipeline to the brick chamber for
firing bricks.

Figure 3.2 Outlet for burnt brick collection.



3.4 Environmental and Energy-efficiency | ssues

Most brick kilns in Bangladesh are highly pollutirgince they use crude technology and low
quality coalfor fuel. Burning of coal in the kilns releasgariouspollutantsinto the atmosphere
including PM, sulfur dioxide (S@), carbon monoxide (COXO,, and NO,. Table 3.2 summarizes

the available information oestimated emission levels pbllutants, basedn secondary dati

Table 3.2 Energy consumption particulate andCO, emissions forexisting technologies

Kiln Coal per Particulates | CO, emitted per | Reductionin CO,

type 100,000 bricks (t) (mg/m?) 100,000 bricks (t) emissions
(%)

FCK 20i 222 1,000+ 50 n.a

Zigzad 16i 20 500-1000+ 40i 45 10i 20

Hoffmam (natural gas) 16,000 m <100 30 40

Source:BUET (2007).
#World Bank (2011a) uses a coal consumption of 24 t per 100,000 bricks for the FCK.
PBUET (2007) undertook a qualitatigenostly visual) survey that assesseal consumption and partiate

emissions of various Zigzag kilns

Among the three kiln typethe FCKreleaseshe highest level of PM and S(primarily because of
the high astand sulfur content of the codEvidenceis inconclusive ofPM emissions ofhe Zigzag
kiln. In terms of pollutantsthe Hoffmann kiln, fired bynatural gasis considerably superior to all
coalburning kilns(PA 1999) Unfortunately, due tmaturalgassupply constraints, the expansion
of this technology stopped and existing kilns are facingucéos

The main environmentampactsof operating brick kilns, whit are particularly evident for the
FCKs, areas follows

7 Health. Pollutants from brick kilns (particularly PM and §@ontribute tchealth problems
of theexposed populatiolhese includei) adult mortalityfrom cardiopulmonary disease
and lung canceraused byongtermPM; s exposure (Pope et al. 2008)) infant and child
mortality from respiratory diseasasaused byshortterm PMg exposure (Ostro 2004); and
(i) all-age morbidityresulting from PM;o exposure(Ostro 1994; Abbey et al. 1995)
Among existing technologiesm Bangladeshthe FCK is likely to cause the worst health
problems due to the highest level of particulate emissions.

7 CO, emissionsand poor energy efficiency Burning coalemits CO,, which contribde to
global warming and climate changé addition, lowquality coalis energyinefficient and
producefurther CQ emissions.Similarly, poor insulation and heat losses require additional
coal whose usdeadsto further CQ emissions.

7 Crop yields(from air pollution). Air pollution in the areas where brick kilns are located
contributes to the decling agricultural yields. Evidence ofreduced yieldérom orchards
and crops due to air pollutias well-documentedNaqvi 2004). Dust deposition oteaves
of plants (i.e., crops and orchards) hirgjanotosynthesiswvhichreduesproductivity. Acid

% Measurements oémissionlevels (e.g., for suspended particulate matter) in Bangladestimited (World Bank
2008).
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deposition fromthe SO, and NOx emissions from brick kilns also cauggury to plant
tissueswith anegative effect on agricultural productivity.

7 Crop yields (from use of agricultural topsoil)Topsoil containing organic matter and other
nutrients is the mainstay for sustainable agriculture. Use of topsoil forrinaking lead to
land degradation, which reduces agricultural yielasindia, for example,the use of topsoll
for brick-making has been restricte(Ministry of Environment and Forests 199&nd
moves are afoot to substitute bedtlay bricks with Flyasi.ime-Gypsum(FALG) bricks.
Unfortunately,in Bangladesh, theaw materials foisud an alternativeare unavailable in
any substantive quantity.

7 Forest. Althoughtheuse of firewood is banned in Bangladeshecdotal evidencguggests
that a considerable amount of firewood is still used for bmc&king. This can lead to
deforestationor forest degradation, with loss of environmental servieeg., watershed
protectior) andbiodiversity.

3.5 Sociallssues

The FCKand Zigzag kilnsusually operate5i 6 monthsout of theyear (from November to April
because most of them are locatedow-lying areaswhich experiencelooding during the rainy
season® Migrants from northwestern Bangladestmprisemost of the kilnworkforce due tathe
seasondaty of kiln operatiors, their clustering,and lack of local workers. The workers are not
organized andack trade unios to promote their interestsThus, the risting kilnsinvolve many
social issues related migrantwork, gendeandchild labor,andhealth and sanitation.

Worker safety and health concernsMost migrants work in kilngor lack of better alternatives.
They usually perform unskilledow-wage work, requiring hard physical labor for long hotirs
(e.g, mud-pugging by foot, bricknolding by handand carrying headloads of bricksyhich can
cause severe muscular and skeletedss In many cases, workers temporarily migrate with
families and take up residencear kilns*® The sanitary conditions isuchresidences areften
abysmal. Moreover,the high level of air pollution in the kiln area is a health hazaraviokers.
Overall, the hard physicéborand unsafe conditions likely caulseth short and longtermhealth
problemsfor workers (Nordin Andersson, and Po[2®06).

Child labor and gender issues. While each kiln employs about 150 workers, migrant families
usually bringsome30i 50 children to live nearby.Although bannedrom working by law, older

children often join in work to improvéheir familyd sncome. Families, includingchildren often

collect partially-burred coal to use for household cooking. Younger children play in unsafe
conditions (e.g.mud, dirt and cod), and young girlsometimesperform domestic choresNomen

are usually paidessthan men, although they do equally arduous;jalsl children are paid even

less. While children in villages can attengbvernmentprimary school for free ki I n  wor ke

% |n addition, during the rainy seasatry green bricks carot be made ostored acomparatively lowcostas in the dry
season andpenair kilns camot operate

37 Except forfiremen, who areskilled and better pajd/et they performstrenuous and unhealthy work duettie heat
andstress involved.

3 Usually in selfmade ramshackle structusenadeof bamboo, wood, cardboaraindcorrugated iron sheet.
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children are deprived of this opportunity during the working season, as there are often no schools
close to kiln sites (DOR01().

An opportunity for modernization In general, many of the shortcomings associated wwitik in
the brick sectorstemfrom use ofoutdated production techniqueBor examplemost load arestill
carried on heads, wheetrbows are infrequently usednd green brick molding is primarily done
by hand. However, in recenyears kilns havefaced a labor supplyshortageas oleer workershave
become increasingly unwilling to do this arduous work(even when ownerffer advance
paymen};* this has led taa partial mechanizationf the work(e.g.,introduction of pug machines
in kilns near DhaKa The currentabor supplyshortage could be the opportunity for this change.
Greenbrick making usuallyreferredto as thefiback process needs tde mechanizedn orderto
reducethe hash labor involved and increasproduction efficiency. Any measuredesignedto
improve the manufacturing processes time existing kilnsshould considerall social and health
problems

%9 n suchcases, better work opportunities are apgrup in organized industriesgpeciallytextile and garment)
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CHAPTER 4. ALTERNATIVE AND IMPROVED BRICK KILN TECHNOLOGIES

As Chapter 3 indicatg traditional kilns in Bangladesh hayarticulateemissiors abovel,000 mg
perm?® andcoal consumptiomf 20i 22 tons per 100,000 bricksoduced(BUET 2007) Redued
stack emissions and increalenergy efficiencycan be achieved either by retrofitting existing kilns
or adopting newer technologiesRetrofitted technologies include thmproved Fixed Chimney
Kiln (IFCK) and thelmproved Zigzag (Zigzag, while newer technologiemclude the Hybrid
Hoffmann Kiln (HHK) and theVertical Shaft Brick Kiln ¥ SBK). The retrofit approach is cheaper
than the newetechnologies;however it provides fewer improvements in terms of emission
reduction and energyfefiency (Heirli and Maithel 2008).The following sections discuss in detail
the pros and cons of each of these technologies.

4.1 Improved Fixed Chimney Kiln (IFCK)

Existing FCKscan be retrofitted by one or more improvements, suas@®f internafuel, back
process mechanizatipimprovedfiring practices, improved operating practicasd introduction of
gravity settling chambers or scrubber3he Clean Air and Sustainable Environment (CASE)
project piloted an IFCKor demonstration of internaliél in greerbrick making and better feeding
and firing practice$DAi PA 2009)*

In addition to reducing emissions and increaserngergy efficiency,these improvementsare

expected tolessenthe labor hardship, improve product quality and productivignd increase
profitability. Table 4.1 compares severadrameters for standard and the retrofitted FCK&e

following paragraphs describe each type of improvement.

Use of internal fuel This practice, as old as brickaking itself, incorporates carbonaceous
materials into clay to form green bricks order to reduce pollution The emissions and fuel
savings benefits due tthe internal fuel processre yet to be demonstratefibr the FCKs in
Bangladesh. However, qualitative monitomg of emissions shows that the intensity of smoke is
reduced for kilns using internal fuelompared to FCK@-igure 4.1).

Varioustypes of materials can be used as internal fueth as mixing coal with brick€Obtaining
ahigh quality of the fired bricks de@8mmd)s on
calorific value (greater thah,000 kcal/kg), amount used (depending on the calorific vahre)

mixing processyreferablymechanical) (DAPA 2009).

0 The manufacturing company Rose Bricks carried out the pilot projédupganj, Nasyangunj by integrating in the
same kiln the use of internal fuak well as better feeding and firing practices.
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Figure 4.1: Comparison of FCK and IFCK
emission reductions

FCK using internal FCK using normal
1 bric bricks

Source:DAI PA (2009).

Newer technologies usually employ the internal f(dle pilot implementation of the VSBK in
Bangladesh has demonstrated that the internal fuel helps to rechissions, increase energy
efficiency, andyield stronger brické* (DAT PA 2010).

Back-process mechanization The processes used in grdmick making including coal
pulverization coal sieving mixing of coal with clay in measured proportigmuggingthe mix and
brick-moldingd form the back processwhich is often performed manuall{e.g, materials and
bricks carried by headlogd As discussed in Chapter 3, thesduouswork can cause severe
muscular and skeletal stressd workersincreasinglyare unwilling to undertake it. Thus, the
adoption ofbackprocessmechanization would redadardshipfor workersand introduce better
paid, semiskilled jobs*

If the increased cost of the bapkocess mechanization can be recouped through Ipetteuctivity
and revenues, this move can be successfidnwithout regulatory pressureThough yet to be
demonstrated, bagkrocess mechanizatiors believed tobe a wifi-wino situation for all
stakeholdersKiln owners would benefit from increased puatlvity and potentially lower labor
costs, workers would perform less stressful labor and would receive higher jraowine public
would benefit fronreduced emissions from internal fuel d3e

41 Barriers to the use of internal fuel include the additional cost of machinery (if mechanization is adopted) and the
increased labor cosif (nanual implementation is introduced). Demonstrating that the increased returns from the use of
internal fuel outweigh the increased expenses may facilitate the adoption of internal fuel by the entrepreneurs.

42 For example, use of trolleys and wheelrbars would speed up the transport of materials and green bricks, to match
with the higher productivity of the machines. This would especialyefitwomen and childrenwho carry most head

loads.

*3The mechanized process includes internal fuel and moficgal with clay.
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Improved firing practices The highest level gbollution
occurs when coal &ls into the combustiozone Visual | Faure 4.2 Small spoon fobetter firina
observations reveal that feeding coal produces a t i ;
black smoke, which progressivelyecomesless dense
and eventuayl white. Coalfeeding isusuallydone every
20i 30 minutes. If the feeding is done slowly oless
guantity is fed more frequently (e.@very 10minutes),
pollution can be reduced substantially The pilot
demonstration of the IFCK recommende@ af a small
spoon(750 mg) to feed coal more frequenthg depicted
in Figure 42.

While oontinuous feeding is a better approach |
pollution reduction, it is not feasible for manual feedi
ascurrentlypracticed. The size of coal particles is als
important; if particles are too fine, burningccurstoo
fast; if they are too big, incomplete burning may occur, reducing energy efficidims, a graded
mixture ofvariousparticle sizes can optimize the efficiency and pollution levels from coal burning.

Source: DAPA 2009

Improved operating practicesIn the existing FCKs,amuch as 35 percent of total heat is lost
through kiln surface (15 percent from the topnd the rest from the sides and bottprand an
additional 12 percent is lost to moisture in the green brigkstkel et al. 2002) The heat loss is
caused byialeakage from numerous points in the kilnd by conduction through sidewalls and to
the top. These losses can be minimized througiprovementsn currentoperatig practices as
follows:

1 Plastering heinterior kiln wall to avoid air leakage throughe sidewalls and provide better
insulation®*

Insulating thekiln top usinga soil and coal ash mixtute reduce heat loss through the top
Adding coal asho the kiln bottom and loading burned bricks the first layeto reduce
groundlevel heat loss because bexdbricks are better insulators than green bricks.

f Using betterdried green brick$o reduce heat loss caused by brick moigfure

1
1

Gravity settling chamber The gravity settling chamber lps to redu@ PM emissions in the
atmosphere.The chamber is a large space situated at the bottom of the chimney and has many
baffles, which reduce the speed of the flue‘daBecause heavy particlearmot move with the gas
stream, theyare deposited in the settling chambe=CKs in Bangladesh do not use settling

* Plasteringby using a mixture of mud, coal gsind cow dung heshown good resultis India (Maithel et al. 2002)
Soil provides the binding for the mix, coal ash provides insulataomd cowdung containing fibers help reduce
shrinkage during drying of plaster.

> Maithel et al. (200) found that a 4nch layercan reduce maximum surface temperature from G5@® 150C,
leading to a substantial decline in heat I&@snsiderable amount of heat can be lost also from coal feedholide top.
Using insulated and bettéitted feedhole caps can minimize this loss.

¢ By operating the dampers appropriately, heat in the flue gas can be used for better drying the green bricks loaded in
front of the firing zone, thus reducing the ndedfuel for brick-drying.

“"|ts use in India led to a speed decline from 3 to GeBensper second (Maithel et al. 2002; BUET 2007).
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chambers; Zigzag kilngse a similar device with water fillingGravity chambers can be introduced
at a reasonable cot

Scrubbers Scrubberswvith water spray maypffer an eva better alternative to gravity settlement
chambers. In the scrubbers, flue gases pass through falling water spray, which reduces PM
emissions and soluble gases in the flue stream.

Table 4.2 Comparison of existing and improved FCK parameters

Parameter Existing FCK Improved FCK Comments
Land 2.5 acres, of which ] 2.5 acres, of which 1| No change from existing practice
acre used round the| acre used round the
year year
Production November to April | November to April No change from existingractice
period
Raw material (clay) | 200,000 cft. 200,000 cft. Waste with calorific value can be mixg
with green bricks
Fuel type Coal Pulverized oal Pulverization machine will be part of ba
process
Internal fuel No Yes 50 percent or even more of powdeihl
to be mixed with clay
Labor 150 (15 percent 150175 (15 percent | Increase in labour cost unless back prog
skilled, 15 percent | skilled, 20 percent is automated
semiskilled) semiskilled)
Electricity/ diesel 5kW for operation ol 50kW for operation | More power will be needed to operate t
engine pugmill of pugmill and back | back process machines
process machines
Backprocess No Yes 50 percent or even more coal is mixed w
mechanization clay and labor cost unchanged
Gravity settlement No Yes Likely to lead to lower emission
chamber/scrubber
Insulation Standard practice | Improved insulation | Expected reduak heat loss from surfac
and top of the kilns
Firing practice Standard practice | Improved practice Better firing practice and feetlole caps
with better insulation
Brick quality As per current Improved quality Higher percentage of grade A bricks a
standard brick of better strength. Perforated bric
can be produced.
Pollution level 1,000 mg/mi 200- 500 mg/m, Lower figure for kilns with gravity
(141- 187 mg/m) settlement chamber. Numbers in brac
are from India
Energy efficiency 20-22 tons/100,00¢ 16-18 tons/100,000 A 20 percent improvement is expected
bricks bricks even 30 percent may be possible. Expec
to lea to similar CQ reduction

Source: BUET (2007) Pandit, Basnet, and Joshi (200KMithel et al. 2008); and World Bank (2008).

4.2 Improved Zigzag Kiln (1Zigzag)

To date, there have been no systematic measurements of emission levels from the Zigzag kilns
operating inBangladeshQualitative evaluatiomf Zigzagindicates that poorly managed kilns are
as polluting as the FCKs, whilettermanaged kilns produce alichalf of the FCK pollution level.

“8 The accurate cost is not knoyitowever the range i$JS$1,000' 2,000.
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