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Abstract

To sustain itself as the world's premier land power, the Army needs the ca-
pability to support expeditionary forces by projecting a minimal basing
footprint with reduced logistical burdens. Strategically sited Contingency
Bases (CBs) allow the Army’s expeditionary forces to rapidly respond and
attack the enemy throughout the joint area of operations (JOA). Strategic
conditions will be analyzed through the lens of eight OE variables—politi-
cal, military, economic, social, information, infrastructure, physical envi-
ronment, and time (PMESII-PT). The Army has neither a well-grounded
methodology nor the tools that enable this strategic decision-making capa-
bility. Decision makers require reliable information about the situational
dynamics of the operational environment to anticipate the impacts that
siting and operating CBs will have on the local context, and to consider the
effects of the sites on the operation of CBs. This capability to anticipate CB
impacts and resources draws upon knowledge gleaned from the local pop-
ulation and becomes particularly important for engagement operations
when CBs will have a longer duration of use and interaction with the local
populace. This report considers access of building materials required for
the construction of CBs and develops a methodology for strategically siting
CBs that can be replicated in other locations throughout the world. This
work then validates the developed methodology with a case study of
Dhaka, Bangladesh.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Ci-
tation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Unit Conversion Factors

Multiply By To Obtain
cubic feet 0.02831685 cubic meters
cubic yards 0.7645549 cubic meters
degrees Fahrenheit (F-32)/1.8 degrees Celsius
feet 0.3048 meters
hectares 1.0 E+04 square meters
inches 0.0254 meters

miles (U.S. statute) 1,609.347 meters
square feet 0.09290304 square meters
square miles 2.589998 E+06 square meters
tons (2,000 pounds, mass) 907.1847 kilograms
yards 0.9144 meters
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Abbreviations
Term Meaning
ACC acid-copper-chrome
AKS Abdul Khair Steel Ltd.
ASTM American Society for Testing and Materials
BBMOA Bangladesh Brick Manufacturing Owners Association
BDS Bangladesh Standards
BFD Bangladesh Forest Department
BFIDC Bangladesh Forest Industries Development Corporation
BFRI Bangladesh Forest Research Institute
BIS Bureau of Indian Standards
BNBC Bangladesh National Building Code
BS British Standards
BSRM Bangladesh Steel Re-Rolling Mills
BSTI Bangladesh Standards and Testing Institute
BWP boiling water proof
BWR boiling water resistant
CAGR calculated average growth rate
CB Contingency Bases
CB-SITE Contingency Base Site Identification for the Tactical Environment
CCA copper-chrome-arsenate
CCB copper-chrome-boric acid
CHT Chittagong Hills Tract
DDT dichlorodiphenyltrichloroethane
DRI direct-reduced iron
EAF electric arc furnace
EIA environmental impact assessment
EN European Norms
ESM European Standard Methods
FCBTK Fixed Chimney Bull’s Trench Kiln
FEMA Federal Emergency Management Agency
FOB Forward Operating Base
GIS geographical information system
GNP gross national product
IUCN International Union for Conservation of Nature
JOA Joint Area of Operations



ERDC/CERL TR-16-14

Term Meaning

KSRM Kabir Steel Re-Rolling Mills

LGED Local Government Engineering Department
MDF medium-density fiberboard

MR moisture resistant

MT Metric ton

MTPA metric ton per annum

NATIP National Timber Industry Policy

OPC ordinary Portland cement

PCC Portland composite cement

PDF population density factor

PMESII- political, military, economic, social, information, infrastructure,
PT physical environment, and time

SAIL Steel Authority of India, Ltd.

SBRI shipbreaking and recycling industry

SCM supplementary siliceous materials

TMT thermo-mechanically treated

URM unreinforced masonry

USDA U.S. Department of Agriculture
USGS U.S. Geographical Survey

UuT™M ultrasonic thickness machine
VSBK vertical shaft brick kiln



ERDC/CERL TR-16-14

vi

Contents

Abstract ii
Unit Conversion Factors iiil
Abbreviations iv
List of Figures and Tables X
Preface xiv
1 Introduction 1
000 O = = Yod 24 10T | o SR 1
IO O o= o1 €AY PSP 4
JIRC T Y/ 11 1 g oo L] o =20 5
1.3.1 (CT=Ta =T = Tl C=T =1 (o SRR SS RN 6
1.3.2 L0 Lo = 3 0 1= SRS RRRN 9
1.3.3 Importance of population density and region proximity .16
1.3.4 QL= KU o1 (= S 20
1.3.5 Centers Of CONSLIUCLION ESOUITES .....cevcreriererieeeessteesseesasesseesseseseasseresseessesasessnes 26
1.3.6 Construction resource for €aCh r€ZION ........uvceeeeeeveerieeceesee e 33
IO AN o] o] (0 = o o [ 34
1.4.1
1.4.2
1.4.3 Material database @SSUMPLIONS .....ccceeeeeerviereriiesereseesiessseesstesssesssessssnesseesssesssessanes 36
1.4.4 STz L= o = -
1.4.5 Data sources
2 Cement

2.1 Industry

2.1.1
2.1.2
2.1.3
2.1.4
2.1.5
2.1.6
2.1.7
2.1.8

2.2 Product

Global SCENANIO ....ueveecreresceriscsieecsiee s e s st e s

L2 L0710 =T 0 TV o o T

Seasonality @nd CYClICAIILY .....uuuuuivurireriiessiisesiteeesste s e st e st e s st e s s sae s e s s s s ssaeaasnees 42
(00 0 o= ¢ 42
Consumers .43
Locations of construction material in Bangladesh ..........ccoecoeeveerceeceerserseeeinenens 44
Construction material industry iN INAI@.........ccccveeeesceeiesiisesiieeessiee s s e s s sies e 47
Construction material industry in MYanmMar ..........ccccoeeeeecerieeseeseeceeeeecee e 51

Codes, standards, and methods
(000 g1 (Vo1 [0 g I 1 0 T= 1 (=14 = |

L=t oY g =To o U T ][ SR
Product in India
Lo To [ L1 [0 I 1Y = L 0=



ERDC/CERL TR-16-14

vii

4

5

2.3 Production fACtOrS ......eiicceiiceecries et 58
2.3.1 RAW MATELIAIS .....evsieiiiiisiiiee sttt 58
2.3.2 Imports and exports.... ...58
2.3.3 =] g o] [0 = RN 60
2.34 Transportation @nd diStIIDULION........ccueieccieeescieescsteeessie st ssste s st s s esen e s saeaassneees 60
2.3.5 L0 = S 61
Ready-Mix Concrete
G 50 R [T 113 U Y2
3.1.1 (€[] 2= LT =T o =T o R
3.1.2 L2 Lot 10 =T 0TV o T
3.1.3 L0 To [ [0 =T T
3.1.4 (00T 1T 0= £ T
3.1.5 Locations of construction material
G 20 1 To [0 L1 A RSP PTRR
3.2.1 Codes, standards, and methods
3.2.2 LTz 1o L= SRR
3.2.3 REPOIEA QUAITTY ..ottt n e e e s esn e e s anneaesanes
3.3 ProducCltion fACIOrS .....ueiiieiieiceees e
3.3.1 RAW MATEITAIS ...ttt
3.3.2 IMPOITS @NA EXPOITS ...ttt e s e e s e se e e s ene e e e anneeesanes
3.3.3 JIE=To] o] (o= SRR
3.34 Transportation @nd AiSTIIDULION.........eeeeeeeeeeeeeee et
3.3.5 POWEL .ttt ne e n e nne s
Aggregates 71
ot N [ Vo 113 Y 71
4.1.1 Background - Jhama BriCK CRIPS ......c.ceeeeeeieeeiieieescieeecee et 71
4.1.2 Background - CrUSNEA StONE ......ccueeeueeeeeeieeiieeee sttt e ane s 71
4.1.3 BACKEIrOUNG - rAVEl ..ottt 71
4.1.4 Background - CONSErUCEION SANG ....c...eevoueeriiriieieerieeeeer et 72
4.1.5 Location of construction Material.........ccccevvevirievsersesiiiinseressess e 72
4.1.6 Locations of aggregates in India
L (0T U T (P PSR PPR
4.2.1 Codes, standards, and methods
4.2.2 Construction material - JNama briCk ChipS ......cccuvveeveiesieeesiriesessiesessiessssseesssien e 74
4.2.3 Construction material - CruShed STONE ......cceeeeceereeeeeeeieeee e 74
4.2.4 Construction material - demolished CONCrete ........couvvvveriersniissiiiircessncssrcses 74
Timber 75
L 10 I = 7= Yo 1€ =0 10| o 75
5.1.1 DY L0 i e 0 e [ o] &= RS 75
L T2 [ 0T 111 R 76
5.2.1 (€[ T TR=To1=T o =T (o OSSPSR 76
5.2.2 Lo E Lot 1q=1 010 o o SRS 77

5.2.3 L 00 [0 (o] T S 78



ERDC/CERL TR-16-14

viii

5.24 CONSUMELS ...ttt s e e e st st e se st s as e e ae s s e s sneansese s s essnenaeneennenns 80
5.25 Locations of construction material in Bangladesh .........cccecoeeveercveceerserseeeinenens 80
5.2.6 Construction material industry in India .82
5.2.7 Construction material industry in MalaySia .........c.ceceeveecerieeseesieeeeeeeceesreee e 83
LG T TR o 1o To [ o] (O PR 83
5.3.1 Codes, standards, anNd MELNOAS .........eeeeeeeviireereeesisiseeereesesiseesesesssssssseessssisseeeeees 83
5.3.2 Construction material - HIMDEY ........oeeeceereeeeeeeeeee et 84
5.3.3 Construction material - DPAMBDOO........c.cccererieeiiriiiseririissert e 91
5.3.4 Construction material - Pre@SEIVALIVES ......cccueeeerresssiesesiiesesiinssssiesesssessssssssssssaesesans 92
5.3.5 Construction material = @UNESIVES ........coeeveeeeeciereeeeeeieee et 93
5.3.6
5.3.7
5.3.8
5.4 Production factors
5.4.1
5.4.2
5.4.3
5.4.4
6 Steel 103
LG A [ T LU S 103
6.1.1 (€[] 2= LTt =T 0 = T4 o R 103
6.1.2 L2 Lot 19 =T 0TV o RN 104
6.1.3 0o [ [0 =T RN 104
6.1.4 (00T IS T 0= £ 106
6.1.5 Locations of cONStruCtion MAtErial ..........cceeeeeeeieereeiieieeieeee s 106
6.1.6 Construction material iNnAUSEIY iN INQI@........ceceeeueeeeeiereeieeeee s 110
LG J2 A (o To [ o] (O RR
6.2.1 Codes, standards, and methods
6.2.2 CONSEIUCLION MALEIIAI ...ttt n e ens
6.2.3 (= Lo =
6.2.4 (O 01183 =T Lo L= T L SRS
6.2.5 L T2 RN
(GG o0 To [V Te] 4 o] g =11 (] £ SRR
6.3.1 IMPOItS @NA EXPOITS ...ttt e e e e e s eneeaeanneaeas
6.3.2 L= o] [0 = TSR
6.3.3 Transportation and AiStrIDULION........cccueiecceeescereecseeessie s st essste s e st s e s een s s sssaeananes
6.3.4
7 Recycled Steel and Iron Ore 124
7.1 Industry
7.1.1 (€[ 2= LYot =T 0 = T4 o R
7.1.2 L2 Lot 16 =10 TV o N
7.1.3 (0o 0 o= £
7.1.4 L0307 1o 13 SRS
7.1.5 Locations of construction material




ERDC/CERL TR-16-14 ix

7.1.6 Construction material iNnAUSErY iN INQI@........cecceeueeeeeiereeeieeeesee s
7.1.7 Locations of construction material in Myanmar

252 o o o 1 [ (PR
7.2.1 REPOMEA QUAITTY ..ottt n e e e sene e s anneaean

J0C T o o o 10 11 4o 0 = o1 (o 3T
7.3.1 L L 1= L=
7.3.2 L= e [0 = SR

8 Masonry

T I T 1WA SRR
8.1.1 (C1 () T TR=To1=T =T (o SRS
8.1.2 LT Lot 19 =T 0TV o RN
8.1.3 STz K0T = 14T
8.1.4 0o [ [0 =T N
8.1.5 CONSUMELS ...ttt sttt sae et s s e e ae et e ese s s e se st e ssneassase s s eannenesanin
8.1.6 Locations of construction material ....

S A o (0 To [ L1 TSP SR T RPTPRRTR
8.2.1 Codes, methods, and SLANAAIAS .......ccceeceeeeeeseeeieeceecees e s st eesee st e st seee e esreeas
8.2.2 CoNStruCtion MAEIIAI .......cccevvrerersiiiisiinerie st
8.2.3 (O 01183 =Yg Lo L= T L SRR
8.2.4 REPOMEA QUAITEY ...ttt e et e e e n e s neeaeanneaeas

8.3 Production fACIOrS .....coiieceiiiiceeen e
8.3.1 e L 1 E= L= = RN
8.3.2 IMPOItS @NA EXPOITS ...ttt e e e s e sn s neeaeanneaeas
8.3.3
8.34

9 Construction Material Database 148

1 0 O U1 o o ] SRR 148

1S T 07 1 (Y {0 T = USRI 148
9.2.1 N TLECR (o =T oL o7z 11 Lo o SRRSO 148
9.2.2 (CT=ToY=1i=] o] g o [0 o= 11 (o) o I NN RS SPIN 148

9.2.3 Site characteristics

10 Conclusions 151
References 152
Appendix: Population Data and Construction Materials Database 158

Report Documentation Page



ERDC/CERL TR-16-14

List of Figures and Tables

Figures

Figure 1. Location of the city of Dhaka within the country of Bangladesh (Google

T 0L T2 011 G ) TS 3
Figure 2. The city of Dhaka, Bangladesh (Google Maps, 2016).......cccccccevrreervereserserensersenenns 3
Figure 3. Population density for Bangladesh and India ("Population Density"

20 3 TR 6
Figure 4. Major regions in and around Bangladesh (“Bangladesh” 2011). ......ccooeeeereecene. 7
Figure 5. Major regions for analysis ("Bangladesh Transportation” 2011). .....ccccveveeeervernene 9
Figure 6. Population density and distance between major regions (McNulty

B2 001 o) PR 17
Figure 7. Density and effective proximity factor (McNulty 2009Db)......cccoceccerrvererensenerenseenes 18
Figure 8. Port map for Bangladesh (“Bangladesh Transportation” 2011). ....ccccccvveeercnee. 21
Figure 9. Railroad network in Bangladesh (“Digjtal Chart of the World” 1993). ................ 22
Figure 10. Road network in Bangladesh (“Digjtal Chart of the World” 1993)........cccceeenen.. 23
Figure 11. Airport facilities in Bangladesh (“Digital Chart of the World” 1993.................. 24
Figure 12. Flood-risk map for Bangladesh (McNulty 2009a). .......ccocerrrerrerenserenessesenessesenns 25
Figure 13. Geographical center, gravel factor (“Bangladesh Transportation”

520 1 27
Figure 14. Geographical center, cement factor (“Bangladesh Transportation”

520 1 28
Figure 15. Geographical center, concrete factor (“Bangladesh Transportation”

520 5 29
Figure 16. Geographical center, lumber factor (“Bangladesh Transportation”

520 O 30
Figure 17. Geographical center, steel factor (“Bangladesh Transportation” 2011). .......... 31
Figure 18. Geographical center, brick factor (“Bangladesh Transportation” 2011)........... 32
Figure 19. Overlay of site selection construction material factors (ERDC-CERL,

§2 0 P 33
Figure 20. East and northeast regions of India (Google Maps, 2016)........ccocveeererrrererennens 36
Figure 21. Capacity of prominent cement producers in Bangladesh, FY2015..........cccc..... 43
Figure 22. Area-wise consumption of cement, FY2010 (Nahar 2011). ....ccoeveeercereecereenne 44
Figure 23. Overview of Bangladesh [green: office, orange: plant, blue: terminal]

(GOO0BIE MAPS, 2016). ...eecererererererersesessersesessessesessesse e ssesssessese s s sssssesessessesessenssssssesssssssenssssssens 45
Figure 24. Dhaka area [green: office, orange: plant, blue: terminal] ......cccccoveercerecercernnnene 45
Figure 25. Chittagong area [green: office, orange: plant] (Google Maps, 2016)................ 46
Figure 26. Khulna area [green: office, orange: plant] (Google Maps, 2016). ......cccceevverenne 46
Figure 27. Capacity of prominent cement producers in east and northeast India,

FY2015 (ERDC-CERL, 2016). ..ccuiecererreerereseresssesesessesessssesssessesssssssssssssessssssssssssssssssssssessssssssnes 48

Figure 28. East India overview [green: office, orange: plant] (Google Maps, 2016).......... 49



ERDC/CERL TR-16-14

xi

Figure 29. Northeast India overview [green: office, orange: plant, blue: terminal]

(GOOEIE MAPS, 20168). ..euereeererererrerersereesesseseesessssessessesssessestssessssssssssesssssssssssssssssssasssessssnssessssnns 49
Figure 30. Guwahati area (northeast India) [green: office, orange: plant, blue:

terminal] (Google MapPS, 20168).......ccceerrrerererererereseseses e sesessssessessssessesessessessssesssssssessssessenns 49
Figure 31. Jaintia Hills area (northeast India) [orange: plant] (Google Maps,

20 11 ) TP 50
Figure 32. Kolkata area (east India) [green: office] (Google Maps, 2016)......ccocvvererrernne 50
Figure 33. Chhattisgarh area (east India) [green: office, orange: plant] (Google

T 0TS0 0 1 G ) O 50
Figure 34. West Bengal/ Jharkhand border (east India) [green: office, orange:

plant] (GOOZIE MAPS, 201L6). ...covverererereererre st sse et se s se st 51
Figure 35. Odissa/ west Bengal border (east India) [green: office, orange: plant]

(GOOLIE MAPS, 20168). «ecueeeeeruerirerreressersesessessesessessesesesseesse st e e sssssssessessesssssnsssessesssnsssesesssnsessnens 51
Figure 36. Capacity of prominent cement producers in Myanmar, FY2015 (ERDC-

CERL, 2018). ..eeeeeeeeeeereecee e eeeseesesaesesseses e seses s sas s e e sae st ssesas s ssesssssssessssesssssesesastesssssnsesessensessssans 52
Figure 37. Myanmar overview [green: office, orange: plant] (Google Maps, 2016). .......... 53
Figure 38. Results on study of cement classification within Bangladesh, FY2013

(UAAIN €L Al 2013)...ceceeeeeeeireeeterereeeteseese st s saestsseesesessessesessessesesssssssessessesessessssessesessesesessensesessens 56
Figure 39. Ready-mix concrete capacity for prominent companies in Dhaka,

FY2015 (ERDC-CERL, 2018). ....coeeerereeiererrerereeeeesessesessesssessessssessessssessessssessessssessessesessssssenns 64
Figure 40. Locations of ready-mix office and plants in Dhaka area [green: office,

orange: plant] (GO0gle Maps, 2016). ....ccucverrrerrererierestrrersesessessssessessssessessssesssssssssssssssssssssssens 65
Figure 41. Locations of aggregates in Bangladesh [red: deposit] (Google Maps,

320 1 1 ) TP 72
Figure 42. Locations of aggregates in northeast India [red: deposit] (Google

V=Y T2 011G ) TSR 73
Figure 43. Locations of aggregates in east India [red: deposit] (Google Maps,

10 11 ) U U USRS UR 73
Figure 44. Locations of timber in Bangladesh [red: plant, green: deposit, blue:

office] (GOOZIE MAPS, 2010). ..ccoeereereeeerereeeisie et ses e see e sestesesse st e e sae e e e sae e s e ssenessessesessessesesnnas 81
Figure 45. Locations of timber in Dhaka, Bangladesh [red: plant, blue: office]

(GOOEIE MAPS, 20168). «eeuereeereerererrenersersesessesessessessesessessssessessssesssssssssssssssssssssssessssssssssesssssssesessnns 81
Figure 46. Locations of timber in Jessore and Khulna, Bangladesh [red: plant,

green: deposit] (GOO0EIE MaPS, 2016). ....ccccveererrererereerereesesessesssessesssessesssessessssessessssesssssnes 82
Figure 47. Locations of timber in Chittagong, Bangladesh [red: plant, green:

deposit, blue: office] (Google Maps, 2016).......ccccevrerrrerenriereserreseesessesessesessesessesessesssssssens 82
Figure 48. Footnote (BNBC 2014, Table 11.4.1)....ccevcererrieresereresesessssesessssessesessessesessens 89
Figure 49. Forest cover percentage (Altrell et al. 2007)....corvrrcriernneeserercerre s seseeaens 97
Figure 50. Capacity of prominent steel producers in Bangladesh, FY2015 (ERDC-

CERL, 2018). ..eoeeeeeeeeeceeeete et cteseeaestseeae e esests e saesessessessssesse st ssessesessessesesnsnsasesssnsesessensesesssnsanens 105
Figure 51. Locations of steel shapes in Bangladesh [green: office, orange: plant]

(GOOEIE MAPS, 20168). ..eeeeeerreeirereeeisereesesessesesesssseseseesesss st e e sae e s e sae s ssessesesssssenssssnsesesssnsanens 107

Figure 52. Locations of steel rebar in Bangladesh [green: office, orange: plant]
(GOO0EIE MAPS, 20168). ..eeeeeerrerirerreeiseraestseseesesesas e ssesee e sss st sesaessssesse s ssessesssssssesssssssesesssnsanens 108



ERDC/CERL TR-16-14 xii

Figure 53. Locations of steel shapes in Dhaka, Bangladesh [green: office,

orange: plant] (GOO0gle MapsS, 2016). .....cccvverrrerrerersererersersesessessessssessesessessessssesssssssesssssssssses 108
Figure 54. Locations of steel rebar in Dhaka, Bangladesh [green: office, orange:

plant] (GOOZIE MApPS, 2016). ...ccvcerererrereririereesesiersestssessesesesessessessssesassssssssessssessssssssssessssssans 109
Figure 55. Locations of steel shapes in Chittagong, Bangladesh [green: office,

orange: plant, blue: deposit] (Google Maps, 2016). .....cccvcrerrrerrrererenseresessessesessesesessesses 109
Figure 56. Locations of steel rebar in Chittagong, Bangladesh [green: office,

orange: plant, blue: deposit] (Google Maps, 2016). .....cccucrerrrerrrerernseresessessesessesesessesses 110
Figure 57. Capacity of prominent steel producers in east India, FY2015 (ERDC-

L0 ] 0 1 1 ) TP 111
Figure 58. Locations of steel shapes in India [green: office, orange: plant]

(GOOLIE MAPS, 20L6). ..uerereeuererrererersrererssesereseserssssessssesesssssessssssessssssessssssssssssesssssssssssessens 112
Figure 59. Locations of steel rebar in India [green: office, orange: plant] (Google

T oL T2 01 G ) O 112
Figure 60. Locations of steel (Durgapur and Asanol, West Bengal, east India)

[orange: plant] (Google Maps, 2016).......ccccreerrerererrereeseesesesseeesesseesesessesassesesassesssssssessenes 113
Figure 61. Locations of steel (Durg and Raipur, Chhattisgarh, east India) [green:

office, orange: plant] (Google Maps, 2016). .....cccvevrrerrrererrrererersesessssesesessessesesessssessesses 113
Figure 62. Locations of steel (Raigarh, Jharsuguda, Rourkela; Chhattisgarh,

Orissa; E. India) [green: office, orange: plant] (Google Maps, 2016). .....cccccveerrererrerensennes 114
Figure 63. Locations of steel (Kolkata; West Bengal E. India) [green: office,

orange: plant] (Go0gle Maps, 20168). ....ccccveeeerererrereeereressssessesesessesessessessssesssssssessssssesss 114
Figure 64. Material cost of a building in Bangladesh (Islam et al. 2016).........ccccocveeuenee.. 118
Figure 65. Construction cost of a building in Bangladesh (Islam et al. 2016,................. 118
Figure 66. Chittagong shipbreaking yard (Google Maps, 2016). .....ccccccceveeereerreeerccrnecenens 125
Figure 67. Aerial view of a section of Chittagong shipbreaking yard. ..........ccooeeeeerrieecrene. 126
Figure 68. Locations of iron ore in east India [orange: office, green: plant, blue:

deposit] (GOOgIE MAPS, 2016). ...ccccereeerereeeererreserereeseseesesessessesessessssessessssessessssessenssnessssenes 127
Figure 69. Capacity of prominent steel producers in East India, FY2015 (ERDC-

7 =t TR 128
Figure 70. Locations of iron ore in Myanmar [green: plant, blue: deposit] (Google

=T 0TI 0 1 G ) 129
Figure 71. Location of brick kilns within the Dhaka region (Corner 2014). .......cccccveeeruene 135
Figure 72. Billions of bricks produced in Bangladesh per year in each division

(Hossain 2008; COrNEr 2014)....couueiivereeeerierensereressessesessesssssssesssssssssssssssssssssssssssssssssssssssessesens 136
Figure 73. Map of brick kilns by region in Bangladesh (Corner 2014). ......cccoeevveveecernene 136
Figure 74. Classification of soils in Bangladesh (“Banglapedia”). ....ccccueveerrerercereeensennnns 143
Tables

Table 1. Population and densities major divisions (Population and Housing
CENSUS-20LL [2014]).ceeerrerereeererrerereesessessessssssessessesssssesssesssssssssssesssssesssesessesssesssssessessessessesssesssns 6

Table 2. Ranking of FEMA building types, from most to least suitable (ERDC-
07 PSS 15



ERDC/CERL TR-16-14 xiii

Table 3. Effective proximity factor between two major regions (McNulty 2009b). ............. 19
Table 4. Suitability of construction resources for various Bangladesh regions

(ERDC-CERL, 2016). .cueetruruerereseeresseseseseesesseesssssssessesssssssssssssssssssssssssssssssssssssssssssssssenssesssnnns 34
Table 5. Construction material study areas (ERDC-CERL, 2016).....ccccecvverrrerrerrnerseressessens 35
Table 6. Cement classification (Nahar 2011). .....ccevvererrierinenrerssrse e sesss 54
Table 7. OPC and PPC classification as per BDS EN 197-1 (Uddin et al. 2013). .....ccecvueee 55
Table 8. Imports and exports of raw materials for cement, FY2013 (Simoes

20 4 3 OO 59
Table 9. Concrete classes (Technical Specifications for Buildings 2005). ......ccccecvvereeernene. 66
Table 10. Imports and exports of materials for RMC, FY2013 (Simoes 2013)......ccccccerue.. 69
Table 11. Safe permissible stresses for the species of timber (BNBC 2014, Table

0 0 PR 85
Table 12. Safe permissible stresses for the species of timber, continued (BNBC

B0 T =T )[04 2 O 86
Table 13. Safe permissible stresses for the species of timber, continued (BNBC

B0 =T ][ 00 I 2 O 87
Table 14. Safe permissible stresses for the species of timber, continued (BNBC

B0 4 S =T )[04 2 P 88
Table 15. Preferred cut sizes of structural timbers for roof trusses (span from 3 m

10 20 M) (BNBC 2014 TabIe 11.4.5). c.uoceeeeeeeerrererreestrereseees e e sessesesssssesessssesssassssessssssssasasaes 89
Table 16. Preferred cut sizes of structural timber for roof purlins, rafters, floor

beams, etc. (BNBC 2014 TabIE 11.4.8)...cucccceeeeeeeeerceee st cee e ses s sesas e e e ses e ese e s e esesessesanns 90
Table 17. Preferred cut sizes of structural timbers for partition framing and

covering, and for centering (BNBC 2014 Table 11.4.7). . cerreeeeeeeeerereeseseesesesseesessenens 90
Table 18. Physical and mechanical properties of bamboos (in round form) (BNBC

B2 =T o= G 0 1 91
Table 19. Safe working stresses of bamboos for structural designing (BNBC

2014: TADIE B.4.6). ..eerereeerereerereesertseesesseesesasestess e e sassssessssesesessssesssassesessesesssssssasssesenessssesssnas 92
Table 20. Result of survey of drying practices for seasoning in major cities of

Bangladesh (“Feasibility of a Wood Seasoning Plant” 2005). .....cccccvvvrerverensescenessesesesens 95
Table 21. Imports and exports of wood products in FY 2013 (Simoes and Hidalgo

$2 0 5 OO 98
Table 22. Quality of steel based on carbon level (Hasan 2013). ......cccocvvververereerverersesnenes 117
Table 23. Exports of iron products, FY 2013 (Simoes 2013). ....ccccveervererrerverercerrerenseenens 119
Table 24. Imports of iron products, FY 2013 (SImoes 2013). .....cccvvrenrverrnesverersessenesenns 121
Table 25. Percentage by weights and value of type of scraps recovered from

average ship (Kusumaningdyah et al. 2013).....ccccoveeeercerierrrere s 130
Table 26. Mix proportion and strength of commonly used mortars (Table 6.7.1 in
AN 2 137

Table 27. Imports and exports of masonry, FY2013 (Simoes 2013)....cccceververercerverennenn 144



ERDC/CERL TR-16-14 Xiv

Preface

This study was conducted for the Department of the Army under applied
research program T45, Project 45509, “Contingency Base Site Evaluations
for Tactical Environment.” The technical monitor was Mr. Kurt Kinnevan,
CEERD-CZT.

The work was performed by the Environmental Processes Branch (CNE) of
the Installations Division (CN), U.S. Army Engineer Research and Devel-
opment Center, Construction Engineering Research Laboratory (ERDC-
CERL). At the time of publication, Mr. Garth Anderson was Chief, CEERD-
CNE; Ms. Michelle Hanson was Chief, CEERD-CN; and Mr. Kurt Kinne-
van, CEERD-CZT, was the Technical Director for Adaptive and Resilient
Installations. The Deputy Director of ERDC-CERL was Dr. Kirankumar
Topudurti, and the Director was Dr. Ilker Adiguzel.

The Commander of ERDC was COL Bryan S. Green, and the Director was
Dr. Jeffery P. Holland.



ERDC/CERL TR-16-14

1.1

Introduction

Background

To sustain itself as the world's premier land power, the U.S. Army needs
the capability to support expeditionary forces by projecting a minimal bas-
ing footprint with reduced logistical burdens. Strategically-sited Contin-
gency Bases (CBs) allow the Army’s expeditionary forces to rapidly re-
spond and attack the enemy throughout the joint area of operations (JOA).
The Army has neither a well-grounded methodology nor the tools that en-
able this strategic decision-making capability. Decision makers require re-
liable information about the situational dynamics of the operational envi-
ronment to anticipate the impacts that siting and operating CBs will have
on the local context, and to consider the effects of the site on the operation
of CBs. This capability to anticipate CB impacts on a local context becomes
particularly important for engagement operations where CBs will have a
longer duration of use and interaction with the local populace. Under-
standing these potential impacts enables decision makers to evaluate im-
plications of the effects of the CB life cycle for commander’s intent in the
pre-operational planning stage.

This project develops a contingency site selection process that does not
currently exist for mission planners. The more efficient siting of CBs will
assist in the reduction of materiel demand, minimize footprint, reduce risk
to Soldiers, and preserve freedom of maneuver and action. Contingency
Base Site Identification for the Tactical Environment (CB-SITE) will ena-
ble expeditionary planning to occur prior to deployment. A geospatial de-
cision-support tool that integrates the operational environment into con-
siderations for CB design can also be used to train future planners,
designers, builders, operators, and managers of CBs. Given a capability to
display real-time effects that flow from parametric changes, instructors
would have the means to prepare students for both expected and unex-
pected operational situations once deployed. This resource would also pro-
vide CB operators and managers with a tool to assist in the analysis of
their camps’ operational effectiveness as well as to test potential opera-
tional/design outcomes based on available local resources and sociocul-
tural impacts, prior to initiating them in practice.
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Construction of military facilities is one of the most important aspects of
military missions. Lessons learned from past deployments show that the
construction of Forward Operating Bases (FOBs) within the boundaries of
host nations can be costly in terms of money, time, and effort. As a result,
this current effort is designed to look at the availability of locally-sourced
materials and their suitability for supporting the military mission. Future
considerations of military site selection for the Army is on unconventional
warfare and assistance in areas of world that are densely populated. As
such, the region around Dhaka, Bangladesh, which is one of the most
densely populated areas in the world, is used as a case study to develop
this methodology.

Research was conducted for the city of Dhaka, which is the capitol of coun-
try of Bangladesh and is located in the Dhaka division and district. The
country of Bangladesh and city of Dhaka are shown in Figure 1 and Figure
2. Bangladesh is located between 20.34° and 26.38° N latitude and be-
tween 88.01° and 92.41° E longitude. Bangladesh is bordered by the In-
dian states of West Bengal in the north and west, Assam in the north, Me-
ghalaya in the north and northeast, and Tripura and Mizoram in the east.
The southeast shares a border with Myanmar (Burma). In the south of
Bangladesh is the Bay of Bengal. The country of Bangladesh is a total area
of 56,977 square miles, and the capital is Dhaka. The country is divided
into eight major divisions: Khulna and Barisal in the southwest, Rajshahi
and Rangpur in the northwest, Mymensingh and Sylhet in the northeast,
Chittagong in the southeast, and Dhaka in the center.
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Figure 1. Location of the city of Dhaka within the country of Bangladesh
(Google Maps, 2016).
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Figure 2. The city of Dhaka, Bangladesh (Google Maps, 2016).
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Bangladesh can be divided into three major regions: hills, terraces, and
floodplains. Floodplains represent 80% of the country, and they are
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formed by three major rivers together with their tributaries and distribu-
taries. Hilly areas represent 12% of the country and are located in the
north and south, while terrace areas represent 8%.

The three major rivers in Bangladesh are the Ganges, Brahmaputra, and
Meghna. The Ganges and Brahmaputra enter through the west and north
border with India into Bangladesh, combine west of Dhaka, and exit into
the Meghna River south of Dhaka; the Meghna river starts in the northeast
and exits into the Bay of Bengal in the south. The river network of the
country is very dense, with more than 250 rivers crisscrossing Bangladesh.
These rivers support agriculture, navigation, groundwater recharge, fish
habitats, and land-building activities since ancient times.

Bangladesh has a humid subtropical climate with wide seasonal variations
in rainfall that bring warm temperatures and high humidity. The three dis-
tinct seasons are summer (March—May), the monsoon season (June—Oc-
tober), and the winter or dry season (November—February). Due to the ef-
fects of monsoon, high-intensity rain-bearing winds produce an annual
rainfall exceeding 60 inches, which leads to a heavy river flooding between
June and October yearly. The winter season is cool and dry with little rain-
fall, while the summer is the hottest part of the year (Corner 2014).

Bangladesh has a population of 156.8 million (2014 estimate), and the offi-
cial language is Bengali. The economy of Bangladesh mostly consists of an
agrarian workforce, with 48% of labor force engaged in agriculture-related
activities. There are concerns about pressure on the country’s natural re-
sources due to the ever-growing population in Bangladesh. Also with pop-
ulation growth, the percentage of people living in urban areas has been ris-
ing, with 33.5 million (2011 estimate) of the Bangladesh population living
in cities (Corner 2014).

Objective

This effort falls under the CB-SITE program. CB-SITE’s goal is to develop
a geographical information system (GIS)-based decision support tool to
assist Army Headquarters-level staffs in siting FOBs in theater.

This effort addresses the availability of appropriate construction materials
within the host nation including local material standards, quantities, and
accessibility. The work’s objectives were set in order to address the follow-
ing considerations:
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» Development of country-specific construction materials databases.

« Development of a methodology that defines accessibility of construc-
tion resources based on FOB location, transportation network, popula-
tion densities, and centers of materials.

Methodology

Site-selection methodologies are expected to merge into unified methodol-
ogy at which all relevant factors are addressed, analyzed, and optimized to

yield the best solution for decision making on where best to select a site for
military missions.

Availability of construction materials near the site is one of many criteria
that would impact military missions. As the title implies, this report is a
limited study on “Construction Material-Based Methodology for Military
Site Selection.”

Because every location in a particular region is unique in many aspects, a
single general methodology would not work well, because it would not cap-
ture all variables specific to the region under consideration. In rare cases,
methodologies can be similar and can be modified to suit other similar ar-
eas. However, it is critical in any case to identify the relevant set of varia-
bles that must be reflected in the adopted methodology.

In the planning stage of any mission, a preparation study is required to fi-
nalize a methodology suitable for the mission. For this report’s effort, a hy-
pothetical case study was chosen for the city of Dhaka in Bangladesh.
Dhaka is a megacity in a densely populated country.

Certainly, site selection in such an area with a high density of the popula-
tion is influenced by that density of population, among other features. Fig-
ure 3 shows that the recent population density of Bangladesh is about 2.75
times that of India. The population density of Dhaka is about 50,001 peo-
ple per square mile. Therefore, any site selection methodologies should in-
clude a population density factor (PDF). Other relevant factors will be ad-
dressed in subsequent sections of this chapter.
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Figure 3. Population density for Bangladesh and India ("Population Density" 2016).
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1.3.1 General regions

Table 1 provides the population and densities for the eight divisions in
Bangladesh, along with the largest neighboring city from a nearby country
(Agartala, India). These locations are depicted in

Figure 4. The populations by division, along with respective cities of
100,000 or more people, can be found in Table A1 in the appendix of this
report.

Table 1. Population and densities major divisions
(Population and Housing Census-2011 [2014]).

Region Population Eg:]ss(i‘t.yér;;e)ople

Barisal Division 8,325,666 626.1
Chittagong Division 28,423,019 841.6
Dhaka Division 36,054,418 1,772.8
Khulna Division 15,687,759 704.4
vymensingn 11,370,000 1,039.9
Rajshahi Division 18,484,858 1,015.8
Rangpur Division 15,787,758 967.6
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Region Population Density (people
per sq. km)

Sylhet Division 9,910,219 12,596

Agartala, India 522,613 6,831

Figure 4. Major regions in and around Bangladesh (“Bangladesh” 2011).

™

g R
r Rk

RANGPUR °
MYMENSINGH
5 RAJSHAHI SYLHET /
" BANGLADESH
3 ¢ ARGARTALA,
kL DHAKA ¢ INDIAEE
4 ' |
| KHULNA CHITTAGONG .

BARISAL

For site selection in or near the vicinity of Dhaka, the first requirement is to
determine the boundaries so that the effective area can be isolated with min-
imum effects from adjacent areas. It is recommended here to consider the
following effective areas, for simplicity and accuracy of this analysis:

« City effective region (Dhaka)

« Country effective region (Bangladesh)

« Cross-country effective region (Bangladesh and adjacent part of India)

« Cross-countries effective regions (Bangladesh and nonadjacent coun-
tries with heavy trades)
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Each region has a special level of interaction that affects the flow of con-
struction materials to be distributed to a site under consideration. The
aforementioned definitions of effective areas will help in determining a
methodology for a particular region.

Using the main regions from

Figure 4, in conjunction with the descriptions provided above, the country
of Bangladesh can be further subdivided into three main regions by using
the rivers within the country. Figure 5 provides the regions considered for
the analysis of the Dhaka case study.

The rivers were used to divide the country into sections, because water
barriers limit much of the trade and business actions within the country.
For purposes of this construction material case study, there are three other
regions considered. The first is the main city under consideration, which in
this case is Dhaka. The next region is an adjacent country’s largest nearby
city, which is Agartala, India for this case study. Lastly, the final region to
be considered is a nonadjacent country that is a heavy trade partner with
the country or city under consideration for base selection. For the pur-
poses of this case study, it was determined that there was no heavy trade
partner.

Hence, the regions analyzed for this case study are classified as:

* Region 1: northwest Bangladesh

* Region 2: southwest Bangladesh

* Region 3: northeast and southeast Bangladesh

* Region 4: Dhaka, Bangladesh

» Region 5: neighboring country’s largest nearby city — Agartala, India

» Region 6: heavy trade partner with nonadjacent region (not applicable
for this case study)
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Figure 5. Major regions for analysis ("Bangladesh Transportation” 2011).
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1.3.2 Building types

The Federal Emergency Management Agency (FEMA) classifies 15 differ-
ent main types of buildings. These building types must be examined in or-
der to properly evaluate a region’s construction material needs and feasi-
bility based on structure type. The various building types and their
respective key properties are described below.
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1.3.2.1 Building Type 1: wood light frames

W1 — These buildings are single or multiple family dwellings of one or
more stories with light building loads. The first floor may be slab-on-grade
or wood raised above grade with cripple stud walls and post-and-beam
supports. Floor and roof framing consists of short, closely spaced wood
joists or rafters supported on wood studs. Lateral support is provided with
shear walls of plywood, stucco, gypsum board, and a variety of other mate-
rials (FEMA 310 1998).

W1A - These buildings are multistory, multi-unit residences that are
framed with the same systems as W1, but they are often built on top of
open front garages. The first story consists of wood floor framing on wood
stud walls and steel pipe columns, or a concrete slab on concrete or con-
crete masonry block walls (FEMA 310 1998).

1.3.2.2 Building Type 2: wood frames, commercial and industrial

W2 — These buildings are commerecial or industrial buildings with a floor
area of 5,000 square feet or more and are constructed primarily on wood
framing. The floor and roof framing consists of wood joists and wood or
steel trusses, glulam or steel beams, and wood posts or columns. Lateral
forces are resisted by wood diaphragms and exterior stud walls sheathed
with plywood, stucco, or wood sheathing, or sometimes rod bracing or a
spot steel-braced frame. Large wall openings are common for storefronts
or garage openings (FEMA 310 1998).

1.3.2.3 Building Type 3: steel moment frame

S1 — These buildings consist of an essentially complete frame assembly of
steel beams and columns. Lateral forces are resisted by moment frames
that develop stiffness through rigid connections of the beam and columns
created by angles, plates, and bolts, or by welding. Moment frames may be
developed on all framing lines or only in selected bays. It is significant that
no structural walls are required. Floors are cast-in-place concrete slab or
metal deck and concrete. When the interior of the structure is finished,
frames are concealed by ceilings, partition walls and architectural column
furring. Foundations consist of concrete spread footings or deep pile foun-
dations (FEMA 310 1998).
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S1A — These buildings are similar to S1 buildings, except the floors and
roof that act as flexible diaphragms, such as wood or untopped metal deck
that are flexible relative to the frames (FEMA 310 1998).

1.3.2.4 Building Type 4: steel-braced frame

S2 — These buildings consist of a frame assembly of steel columns and
beams. Lateral forces are resisted by diagonal steel members placed in se-
lected bays. Floor and roof framing consist of cast-in-place concrete slabs
or metal deck on concrete. When the exterior of the structure is concealed,
walls consist of metal panel curtain walls, glazing, brick masonry, or pre-
cast concrete panels. When the interior of the structure is finished, frames
are concealed by ceilings, partition walls and architectural furring. Foun-
dations consist of concrete spread footings or deep pile foundations
(FEMA 310 1998).

S2A — These buildings are similar to S2 buildings, except the floors and
roof that act as flexible diaphragms, such as wood or untopped metal deck
(FEMA 310 1998).

1.3.2.5 Building Type 5: steel light frame

S3 — These buildings are pre-engineered and partially prefabricated with
transverse rigid steel frames. They are one-story in height. The roof and
walls consist of lightweight metal, fiberglass, or cementitious panels. Rigid
frames in the transverse direction and light rod diagonal bracing in the
longitudinal direction resist lateral forces. Diaphragm forces are resisted
by untopped metal deck, roof panel shear elements, or a system of tension-
only rod bracing (FEMA 310 1998).

1.3.2.6 Building Type 6: steel frames with concrete shear walls

S4 — These buildings consist of a frame assembly of steel beams and steel
columns. The floors and roof consist of cast-in-place concrete slabs or
metal deck with or without concrete fill. The buildings feature a significant
number of concrete walls effectively acting as shear walls, either as vertical
transportation cores isolated in selected bays, or as a perimeter wall sys-
tem. The steel column-and-beam system may act only to carry gravity
loads or may have rigid connections to act as a moment frame. The build-
ings will generally be mid- or low-rise (FEMA 310 1998).
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1.3.2.7 Building Type 7: steel frames with infill masonry shear walls

S5 — This is an older type of building that consists of a frame assembly of
steel beams and steel columns. The floor consists of masonry flat arches,
concrete slabs or metal deck, and concrete fill. Exterior walls and possibly
some interior walls, are constructed of unreinforced solid clay brick, con-
crete block, or hollow-clay tile masonry infilling the space between col-
umns and beams. Windows and doors may be present in the infill walls
but to act effectively as shear-resisting elements, the infill masonry must
be constructed against the columns and beams (FEMA 310 1998).

S5A — These buildings are similar to S5 buildings, except the floors and
roof that act as flexible diaphragms, such as wood or untopped metal deck
(FEMA 310 1998).

1.3.2.8 Building Type 8: concrete moment frames

C1 — These buildings consist of concrete framing, either a complete system
of beams and columns or columns supporting slab without gravity beams.
Lateral forces are resisted by moment frames that develop stiffness
through rigid, monolithic beam-column connections. Moment frames may
be developed on all framing lines or only in selected bays. It is significant
that no structural walls are required. Floors are cast-in-place or precast
concrete. Foundations consist of concrete spread footings or deep pile
foundations (FEMA 310 1998).

1.3.2.9 Building Type 9: concrete shear wall buildings

C2 — These buildings have floor and roof framing that consists of cast-in-
place concrete slabs, concrete beams, one-way joists, two-way waffle joists,
or flat slabs. Lateral forces are resisted by cast-in-place concrete shear
walls. Floors are supported on concrete columns or bearing walls. The dia-
phragms consist of concrete slabs and are stiff relative to the walls. Foun-
dations consist of concrete spread footings or deep pile foundations
(FEMA 310 1998).

C2A — These buildings are similar to C2 buildings, except the floors and
roof that act as flexible diaphragms, such as wood or untopped metal deck,
and they have large aspect ratios (FEMA 310 1998).
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1.3.2.10 Building Type 10: concrete frames with infill masonry shear walls

C3 — These buildings consist of concrete framing, either a complete sys-
tem of beams and columns or columns supporting slabs without gravity
beams. Exterior walls and possibly some interior walls are constructed of
unreinforced solid clay brick, concrete block, or hollow-clay tile masonry
infilling the space between columns and beams. Windows and doors may
be present in the infill walls but to act effectively as shear-resisting ele-
ments, the infill masonry must be built against the columns and beams
(FEMA 310 1998).

C3A — These buildings are similar to C3 buildings, except the floors and
roof that act as flexible diaphragms, such as wood or untopped metal deck,
and they have large aspect ratios (FEMA 310 1998).

1.3.2.11 Building Type 11: precast/tilt-up concrete shear wall buildings

PC1 — These buildings are one or more stories in height. They are con-
structed with perimeter concrete walls precast on the site and tilted up
from the exterior of the buildings, to support all or a portion of the perime-
ter roof load, and they provide seismic shear resistance. Floor and roof
framing consists of wood joists, glulam beams, steel beams, or open web
joists. Framing is supported on interior steel columns and perimeter con-
crete bearing walls. Foundations consist of concrete spread footings or
deep pile foundations (FEMA 310 1998).

PC1A — These buildings are similar to PC1 buildings, except that dia-
phragms consist of precast elements, cast-in-place concrete, or metal deck
with concrete fill, and they are stiff relative to the walls (FEMA 310 1998).

1.3.2.12 Building Type 12: precast concrete frames

PC2 — These buildings consist of concrete columns, girders, beams,
and/or slabs that are precast off the site and erected to form a complete
gravity-load system. Lateral forces are resisted by precast or cast-in-place
concrete shear walls. Floor and roof framing consist of precast concrete
planks, tees, or double-tees supported on precast concrete girders and col-
umns. Diaphragms consist of precast elements interconnected with welded
inserts, cast-in-place closure strips, or reinforced concrete topping slabs
(FEMA 310 1998).
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PC2A - These buildings are similar to PC2 buildings, but obtain lateral
support from specially connected precast girders and columns that form
moment frames. These connections are either welded inserts or cast-in-
place concrete closures. Diaphragms consist of precast elements intercon-
nected with welded inserts, cast-in-place closure strips, or reinforced con-
crete topping slabs. This type of construction is not permitted in regions of
high seismicity for new construction (FEMA 310 1998).

1.3.2.13 Building Type 13: reinforced masonry bearing wall buildings with
flexible diaphragms

RM1 - These buildings have bearing walls that consist of reinforced brick
or concrete-block masonry. Wood floor and roof framing consists of wood
joists, glulam beams, and wood posts or small steel columns, whereas steel
floor and roof framing consists of steel beams or open web joists, steel
girders, and steel columns. Lateral forces are resisted by the reinforced
brick or concrete block masonry shear walls. Diaphragms consist of
straight or diagonal wood sheathing, plywood, or untopped metal deck,
and they are flexible relative to the walls. Foundations consist of brick or
concrete spread footings (FEMA 310 1998).

1.3.2.14 Building Type 14: reinforced masonry bearing wall buildings with stiff
diaphragms

RM2 - These buildings are similar to RM1 buildings, except the dia-
phragms consist of metal deck with concrete fill, precast concrete planks,
tees, or double-tees, with or without a cast-in-place concrete topping slab,
and are stiff relative to the walls. The floor and roof framing is supported
on interior steel or concrete frames or interior reinforced masonry walls
(FEMA 310 1998).

1.3.2.15 Building Type 15: unreinforced masonry bearing wall buildings

URM - These buildings consist of unreinforced masonry (URM) bearing
walls, usually at the perimeter and usually brick masonry. The floors are
wood joists and wood sheathing supported on the walls and on interior
post-and-beam construction or wood-stud bearing walls. Interior bearing
walls, when present, also consist of unreinforced clay brick masonry. The
diaphragms are flexible relative to the walls, and when they exist, ties be-
tween the walls and diaphragms consist of bent steel plates or government
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15

anchors embedded in the mortar joints and attached to framing. Founda-
tions consist of brick or concrete spread footings (FEMA 310 1998).

URM-A - These buildings are similar to URM buildings, but features all
floors and/or roof constructed of materials that form a rigid diaphragm,
usually concrete slabs or steel joists with flat-arched unreinforced ma-
sonry. In regions of low seismicity, more recent construction consists of
metal deck and concrete fill supported on steel framing (FEMA 310 1998).

Overall, the 15 different buildings types have different construction meth-
ods and materials, both of which must be taken into account when deter-
mined the most suitable building type for a particular region (FEMA 310

1998).

As stated previously, the importance of these building types must be exam-
ined in order to properly evaluate a region’s construction material needs
and feasibility based on structure type. Table 2 provides a ranking of a
building type’s importance in terms of most and least suitable for the re-
gion. It was determined that due to availability of construction resources
as well as conditions within the country, reinforced masonry walls — flexi-
ble (Building Type 13), wood light frames (Building Type 1), and unrein-
forced masonry walls (Building Type 15) are the most suitable FEMA
building types for the Dhaka region.

Table 2. Ranking of FEMA building types, from most to least suitable (ERDC-CERL).

Ranking | FEMA building type, from most to least suitable
1. 13. Reinforced Masonry Walls - Flexible

2. 1. Wood Light Frame

3. 15. Unreinforced Masonry Walls

4. 2. Wood Frames, Commercial, and Industrial
5. 10.Concrete frames with infill Masonry Walls
6. 7. Steel Frames with Infill Masonry Walls

7. 14. Reinforced Masonry Walls - Stiff

8. 5 .Steel Light Frames

0. 4. Steel Braced Frames

10. 3. Steel Moment Frames

11. 6. Steel Frames with Concrete Shear Walls
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Ranking | FEMA building type, from most to least suitable
12. 11. Precast/Tilt up Concrete Shear Wall Buildings
13. 8. Concrete Moment Frames

14. 9. Concrete Shear Walls

15. 12. Precast Concrete Frames

1.3.3 Importance of population density and region proximity

The next parameter to be considered is the effective proximity factor. This
is a rough estimate of the influence neighboring regions have on each
other found using the density of each region and the distance between
them. Figure 6 provides the population density map for Bangladesh. The
distances between the centers of each major division or region are also in-
cluded in the figure.
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Figure 6. Population density and distance between major regions (McNulty 2009b).
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Using the distances between major regions along with the known density
for any given region, the effective region proximity factor was determined.
This factor is a rough estimate of the influence that neighboring regions
have on each other, and it is found by using the density of each region and
the distance between them. It was determined that the larger the effective
proximity factor was between two regions, the greater influence they have
on each other. Table 3 provides the effective proximity factors between all
regions in this case study. Figure 7 provides a visual representation of the
adjacent region’s effective proximity factors. The density of each region is
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listed at the endpoint of each arrow, whereas the effective proximity factor
between two regions is located at the midpoint of each respective line. Fig-
ure 7 shows that the closer that two regions are to each other, the greater
the effective proximity factor is.

Figure 7. Density and effective proximity factor (McNulty 2009b).
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Table 3. Effective proximity factor between two major regions (McNulty 2009b).

_— . Estimated Effective

ogon1 | ogon2 | DB | Dersh e | Dse | iy
Regions (km) Factor

Rangpur Rajshahi 967.6 1,015.8 120 68.3
Rangpur Dhaka 967.6 1,772.8 230 324
Rangpur Mymensingh 967.6 1,039.9 165 37.0
Rangpur Sylhet 967.6 12,596 280 155.5
Rangpur Khulna 967.6 704.4 330 6.26
Rangpur Barisal 967.6 626.1 360 4.67
Rangpur Chittagong 967.6 841.6 460 3.85
Rangpur Agartala 967.6 6,831 300 73.4
Rajshahi Khulna 1,015.8 704.4 205 17.0
Rajshahi Dhaka 1,015.8 1,772.8 165 66.1
Rajshahi Mymensingh 1,015.8 1,039.9 185 30.9
Rajshahi Sylhet 1,015.8 12,596 340 110.7
Rajshahi Barisal 1,015.8 626.1 260 941
Rajshahi Chittagong 1,015.8 841.6 400 5.34
Rajshahi Agartala 1,015.8 6,831 280 88.5
Khulna Dhaka 704.4 1,772.8 145 59.4
Khulna Barisal 704.4 626.1 90 54.4
Khulna Mymensingh 704.4 1,039.9 235 133
Khulna Sylhet 704.4 12,596 330 815
Khulna Chittagong 704.4 841.6 240 103
Khulna Agartala 704.4 6,831 210 109.1
Mymensingh | Dhaka 1,039.9 1,772.8 85 255.2
Mymensingh | Sylhet 1,039.9 12,596 145 623.0
Mymensingh Barisal 1,039.9 626.1 230 12.3
Mymensingh | Chittagong 1,039.9 841.6 305 941
Mymensingh | Agartala 1,039.9 6,831 135 389.8
Dhaka Sylhet 1,772.8 12,596 180 689.2
Dhaka Barisal 1,772.8 626.1 140 56.6
Dhaka Chittagong 1,772.8 841.6 230 28.2
Dhaka Agartala 1,772.8 6,831 80 1,892.2
Barisal Chittagong 626.1 841.6 155 219
Barisal Sylhet 626.1 12,596 280 100.6
Barisal Agartala 626.1 6,831 155 178.0
Sylhet Chittagong 12,596 841.6 285 130.5
Sylhet Agartala 12,596 6,831 130 5,091.3
Chittagong Agartala 841.6 6,831 140 293.3




ERDC/CERL TR-16-14 20

134 Infrastructure

The next parameters that were examined were the travel infrastructure
and other necessary parameters within the country of interest. Each figure
provides a reference distance between a location on the map and the main
city under consideration (Dhaka, Bangladesh is denoted by a yellow star).
Figure 8 provides the locations of the major ports in and near Bangladesh.
Figure 9 and Figure 10 provide the locations and distances between the
centers of the railroad network and roadway network in each of the three
main regions of Bangladesh, respectively. Next, Figure 11 provides the lo-
cations and distances between the major airports facilities within the
country of Bangladesh. Lastly, Figure 12 provides the locations and dis-
tances between the centers of high flood-risk areas in Bangladesh.
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Figure 9. Railroad network in Bangladesh (“Digital Chart of the World” 1993).

I ) e
\I
.
0, |
=
‘.
LRt

I Ly
" i &~
b, ) §
% A
|
0, il
'\
" =
=
i i
I
¥
4
oy,
iy
I ) %
S, (! 1
5. i
b |i !
i i n
il iy !
i Y i
= I i
‘, I ;s
\I_ i
b, 1
5 I
s |
b 4
. "

Kaolkata



ERDC/CERL TR-16-14

Figure 10. Road network in Bangladesh (“Digital Chart of the World” 1993).
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Figure 11. Airport facilities in Bangladesh (“Digital Chart of the World” 1993).
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Figure 12. Flood-risk map for Bangladesh (McNulty 2009a).

|
FLOOD RISK
Depth in feel

=
[.. .I.
A:'.. }
o
>

ﬁ!
-
w



ERDC/CERL TR-16-14 26

1.3.5 Centers of construction resources

Upon determination of locations for various construction resources, the
spatial data was used to infer the geographical centers for the various con-
struction resources in each of the three regions. Figure 13—Figure 18 pro-
vide the geographical centers for the various construction resources in
each of the three main regions from Figure 5. The construction resources
are gravel, cement, ready-mix concrete, lumber, steel, and brick. In some
cases, there are multiple central areas in a given region if a particular in-
dustry is very large in that region. For other construction resources, there
may not be a geographical center for a particular resource in that area if
the resource is not heavily or widely produced there.
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Figure 13. Geographical center, gravel factor (“Bangladesh Transportation” 2011).
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Figure 14. Geographical center, cement factor (“Bangladesh Transportation” 2011).
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Figure 15. Geographical center, concrete factor (“Bangladesh Transportation” 2011).
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Figure 16. Geographical center, lumber factor (“Bangladesh Transportation” 2011).
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Figure 17. Geographical center, steel factor (“Bangladesh Transportation” 2011).
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Figure 18. Geographical center, brick factor (“Bangladesh Transportation” 2011).
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1.3.6  Construction resource for each region

Using the above information, the most widely available and used construc-
tion resource for each of the three regions was determined. Figure 19 pro-
vides a visual representation of the overlay of each of the important figures
from above that was used in part to determine the most suitable construc-
tion resources for each region.

Figure 19. Overlay of site selection construction material factors (ERDC-CERL, 2016).

Material Base Site -
Selection Factors . - >==_-

Case Study: Dhaka, Bangladesh

Relevant factors used for identifying resources
of building materials and key locations of
interest.

The possible construction resources included: concrete, lumber, steel, and
brick. The ranking of feasibility for each resource in each region are listed
in Table 4. It should be noted that the various construction resource indus-
tries may be seasonal in nature due to climatic conditions. Therefore, Ta-
ble 4 is for optimal conditions, with no limitations to any of the construc-
tion resource industries.
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1.4

Table 4. Suitability of construction resources for various Bangladesh regions
(ERDC-CERL, 2016).

Third Most
Most Suitable Segond Most . Least Suitable
. - Suitable Suitable .

Region Construction Construction . Construction

Resource Construction | pagource

Resource Resource

1. Northeast .
Bangladesh Brick Lumber Steel Concrete
I Brick Steel Lumber Concrete
Bangladesh
3. Northwest
and Southwest | Brick Concrete Lumber Steel
Bangladesh

Due to the wide availability of bricks throughout the region, this construc-
tion material was determined to be the most suitable construction re-
source for all three regions. However, the brick industry is seasonal in na-
ture due to the wet season. As such, the second construction resource for
each region must be considered when selecting a military base. Concrete
was determined to be the least suitable construction resource for the re-
gions not containing Dhaka, because the case study limited the determina-
tion of concrete production facilities to the areas in and around Dhaka,
Bangladesh, since the construction resource is time-sensitive in nature.

Approach
1.4.1 Regions

As part of the research on the construction material industry in Dhaka, de-
termining what geographical spatial data is pertinent to include in the
study was investigated. The regions of interest for each raw and fabricated
material were decided based on assumptions of how the material is trans-
ported and what data was feasible to collect. The regions of interest and
study areas for each construction resource are shown in Table 5.
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Table 5. Construction material study areas (ERDC-CERL, 2016).

Reason for Study

Industry Region of Interest Region

Cement, aggregate,
steel, iron ore/

Key players can be

Bangladesh, northeast easily assessed within

India, and Myanmar

recycled steel study area

Wood, masonry Bangladesh Larger number of
producers

Ready-mix concrete | Dhaka region Time-sensitive product

For instance, ready-mix cement is a time-sensitive product that is used
within a short distance of its source. Therefore, the study for the material
was limited to the city of Dhaka. Cement, aggregate, steel, and iron ore
were given a much wider area of interest that includes all of Bangladesh as
well as the bordering countries of India and Myanmar. The studies on tim-
ber and masonry were limited to the country of Bangladesh due to the ex-
ceedingly large number of fabricators within the country (greater than
5,000 producers for each industry).

Due to the size of India, the study was limited to the eastern and north-
eastern regions under the assumption that most trade and general interac-
tion with Bangladesh is within close proximity to the country. The regions
of interest for India are provided in Figure 20 and indicate the major east
and northeast regions within India. The larger regions within the country
are indicated for reference.
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Figure 20. East and northeast regions of India (Google Maps, 2016).
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142 Sites

Construction materials are part of an interconnected network of resources,
which results in movement from one point to another along the produc-
tion process. Therefore, it is important to consider sites within the indus-
try that are critical for research. The following key areas were researched
as part of the spatial data analysis for each construction material:

« Corporate offices, which are an important part in the control and oper-
ations of processing. This category omits offices specifically for sales.

« Plants, factories, and other manufacturing sites ,where raw materials
are transformed into the final product.

« Terminals and shipping ports, where the product is stored for future
distribution as well as where the product is imported or exported.

« Mines and raw material deposits, where raw materials are extracted or
available for excavation.

1.4.3 Material database assumptions

The materials database is a collection of the various construction re-
sources’ availability by location, quantity, type of material, etc. The data-
base includes materials such as concrete, timber, and steel, among others.
Tables A2-A22 in the Appendix provide each respective materials portion
of the materials database, with pertinent information for that material in-
cluded.
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For natural resources, research was conducted on both currently exploited
resources as well as reserves of resources. In the case of reserves, the feasi-
bility for excavation was disregarded. If the reserves were present in a par-
ticular area, they were included in the collected information. There were
also assumptions made based on the available information for raw mate-
rial deposits. Whether or not these material deposit locations are suitable
for construction purposes was absent from a number of sources, which
may lead to extraneous data in the collected information.

For production plants, data was collected to represent the current status of
operation. Data was only collected for currently operating plants, and only
installed capacity information was collected. If a company has expected
new plants or capacity gains over the coming years, this information was
disregarded when creating the material database.

144 Spatial data

Three different types of spatial data were collected for each of the con-
struction materials of interest.

The first type of data are specific and exact site locations. This latitude-
longitude coordinate pair will spatially represent what it describes with
precision. However, because the preciseness of material sites may vary
based on available information, some information may be limited to a
much broader area such as a city or a region, which is what the second
type of data aims to represent.

The second type of data are approximate locations of individual sites
based on limited information. Lastly, if information on individual sites are
not provided, but data representing a larger area is given, then the third
type of data is used. It is also important to note that point data are used to
capture lines and shapes in addition to specific locations, which is a
greater concern for geographical areas of interest such as mountains or
rivers. In those cases, a single pinpoint may not accurately represent the
data. In some cases, multiple approximate pinpoints are used when ex-
pressing the location. The extent of research on spatial data for Bangla-
desh and its surrounding countries was limited to the extent of available
information. For instance, because of differences in the political system for
each of the countries studied, the availability of government information
on products and raw materials may vary.
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The third type of data are a cluster of sites that represent the characteris-
tics of what is contained within the region.! Cluster sites are also created
based on researched information for each material, in order to quantify
the behavior of the industry within centers of activity.

Within the material database, these data types are categorized as the fol-
lowing:

« S: the latitude-longitude coordinate pair that represents the exact site
location.

« A: an approximate location of an individual site provided as a latitude-
longitude coordinate pair, which may be represented by a region or city
if limited information is available.

« C: acluster of sites to represent the characteristics of a region or city,
represented as latitude-longitude coordinate pair.

Spatial data has been represented using decimal degrees with the WGS84
Web Mercator projection.

145 Data sources

1.4.5.1 Suppliers

Material suppliers were originally established by using any available pub-
lished resources about the material industry sector. Through a search on
Google for the industry, reports and government databases on prominent
companies and their respective plants were identified with additional in-
formation such as capacity, employees, and power usage. The success and
total available information varied, based on the material and country. For
instance, cement was the most widely available in reports, ready-mix con-
crete and steel had a fair amount of information, and timber was very lim-
ited in industry information. At the same time, published resources on ma-
terials were mostly available for Bangladesh and India, whereas reliable
data for Myanmar was limited. For each of the resources, locations were
then validated and a number of spatial data sources were appended to this
data.

11f a cluster point is superimposed over a region with site or approximate data points, then the points are
to be considered exclusive from one another.
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One of the major sources of spatial data and company identification was
Google Maps. Searches for materials using Google Maps unveiled various
established locations, including corporate offices, plants, and mines. Pre-
cise coordinates of sites are reliable through this approach; however, the
accuracy for smaller-scale company sites was somewhat questionable be-
cause data was usually limited to a name and a location. If these sites did
not represent what they described visually, then the data was disregarded.
This method was used for all materials except natural resource deposits.

Wikimapia was additionally used for spatial data of plants and mines.
Through this method, boundaries of sites are clearly identified using the
maps and usually presented more search results than Google Maps. The
category of “production” was selected from the menu, which helped filter
the points of interest. Similar to Google Maps, precise coordinates were
very reliable, but smaller-scale company locations were limited in infor-
mation and judgment was used as to whether data was pertinent to in-
clude. This method was used for all materials except aggregates, wood, and
ready-mix concrete.

GIS data resources were used for spatial data of mines, natural resource
deposits, and very minimally for plants. The United States Geological Sur-
vey (USGS) provided an abundance of GIS data for usage. The data itself
was very plentiful, yet certain items were deemed unreliable due to the
publication date. Many of the locations did not fully reflect what was de-
scribed by the data and so, approximate data points were used. However
due to the number of data points and clusters of points, it was still possible
to determine centers of activity. Capacity data was discarded due to the
outdated information presented.

After spatial data sources were exhausted, company websites were used to
fill in the gaps in data and to find remaining locations of material sites.
The amount of information provided on the company website varied sig-
nificantly. However, almost all of the company websites list corporate of-
fices, and a significant portion provided plant locations. A fair number of
company websites provided addresses which were untraceable in Google
Maps, and so approximations for locations were made. Other pertinent
data was found by using these websites, including capacity, quality, prod-
uct, employees, and power usage. A number of the larger-scale companies
produce multiple construction materials and therefore, data overlapped
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for various construction materials. This method was used for cement,
ready-mix concrete, steel, and some raw material.

Lastly, material supplier directories were utilized for additional infor-
mation. For some directories, such as Cemnet for cement or Fordaq for
timber, this data was reliable but limited to companies that are a part of
the collection. Other directories proved to be very unreliable since many of
the companies listed may represent another line of work, such as material
traders, or they may be out of business. It proved to be impossible to vali-
date this information because company websites or other reliable sources
were unavailable. The company addresses listed were also unreliable and
varied across multiple directories. This method was used as a last resort,
but it was used extensively for timber, and somewhat for cement and
ready-mix concrete.

1.4.5.2 Industry

Industry information for construction materials was initially determined
through the material industry sector search described previously by using
a Google search. The number of reliable published reports discovered var-
ied based on the material. Cement and timber (specifically the forestry as-
pect) provided the most information. Other technical reports and studies
were discovered through the ScienceDirect database. For all materials con-
sidered, standards and methods originate from the Bangladesh National
Building Code (BNBC-2014) and Technical Specifications for Buildings
(2005).
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2.1

Cement

Cement is a mixture used in the production of concrete. The dominant ce-
ment agent used in concrete production is Portland cement, which is a fine
ground powder that is a mixture of limestone, shale or clay, gypsum, fly
ash, and slag.>2

Industry
211 Global scenario

Cement is an important contributor to the development of the economy of
a country as it contributes to growth and urbanization. Global cement pro-
duction has been increasing due in part to rising investments in infrastruc-
ture in developing countries. A report from the International Cement Re-
view states that global demand of cement is 3.7 billion metric tons per
annum (MTPA) for FY2012, which is almost double the demand a decade
earlier of 1.8 billion MTPA for FY 2002. The current production and ca-
pacity is 4.2 billion MTPA for FY2014. The world production is dominated
by China, followed by India. In total, China and India account for over
50% of cement production and consumption (Hossain 2015). The largest
producers and competitors among the various global markets are Lafarge-
Holcim (a recent merger of the French Lafarge and Swiss Holcim), and Ce-
mex (USA). As a product, cement is a regional commodity because of vari-
ation due to supply-demand, per capita income, and level of industrial
development (Hossain 2015).

212 Background

The cement industry in Bangladesh is the 40th largest in the world. The
industry made its start in 1994: the year which the government began to
allow cement factories under private ownership. Prior to 1994, the demand
for cement products was fulfilled entirely by imported cement bags. Cur-
rently, the cement industry is expected to grow by 20%—-25% in the me-
dium- to long-term range. Within Bangladesh, cement is freight intensive,
seasonal, and regional in nature (Nahar 2011).

2 Britannica Academia, Online ed., s.v., “Cement.” Accessed 15 January 2016. http://www.britan-
nica.com/technology/cement-building-material
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2.1.3 Seasonality and cyclicality

The cement industry in Bangladesh is heavily influenced by the yearly
monsoon season, which can affect production by as much as 50% of capac-
ity. The peak season for demand of cement is during the dry season be-
tween late-September/early-October to late-April/early-May, during
which demand from the construction sector increases and matches or ex-
ceeds the capacity of the industry. This increased demand encourages an
increase in capacity for producers and the entry of new producers. During
the monsoon season from late-May/early-June through late August/early-
September, the demand declines or steadies because of the slowdown in
construction activity. This slowdown also causes the capacity additions to
exceed demand. There is also a cyclical industry due to the time lag be-
tween capacity build-up and cement demand. This time lag lasts for sev-
eral years because it takes 2—2.5 years for new producers to build a cement
plant (Nahar 2011).

214 Producers

There are currently 124 companies in Bangladesh manufacturing cement.
A total of 63 of these companies have production capacity and 32 are cur-
rently in operation. Of all the cement companies in Bangladesh, 27% are
multinational companies while 73% are local manufacturers (Hossain
2015).

Within Bangladesh, the total cement capacity is estimated to be 36 million
MTPA in FY 2015. Generally, larger companies have tended to outperform
smaller manufacturers due to shortage of raw materials at a competitive
price. In 2009, the top 13 players controlled over 78% of the industry and
in 2013 85% of the industry was controlled by the top 10 players (Nahar
2011; Hossain 2015).

The top 14 companies and their installed capacities are shown in Figure 21.
The figure was formed from a collection of capacities of cement companies
from a variety of data sources within the material database. These data
sources are included within the database itself.
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Figure 21. Capacity of prominent cement producers in Bangladesh, FY2015.3
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215 Consumers

The per-capita consumption of concrete in Bangladesh is small compared
to surrounding countries. Bangladesh itself has a per capita consumption
of 107 kg, compared with 210 kg in India (Hossain 2015). Cement products
are consumed by three major groups, with the largest contributor being
the government organizations. Individual homemakers consume 25%, real
estate developers consume 35%, and government organizations consume
40% (Nahar 2011).

Cement is a regional product in Bangladesh because transportation over
long distances increases the cost. Within each region, there is variation
due to supply-demand, per capita income, and level of industrial develop-
ment (Nahar 2011). The area-wise consumption of cement is shown in Fig-
ure 22. The Dhaka area represents the largest consumer of cement within
Bangladesh.

3 Capacity data is limited to companies with published production data.
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Figure 22. Area-wise consumption of cement, FY2010 (Nahar 2011).4
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2.1.6 Locations of construction material in Bangladesh

Cement is a regional product within Bangladesh, which is shown within
the country through the clusters of cement sites in cities and along water-
ways, the largest of which include Dhaka, Chittagong, and Khulna, as
shown in Figure 23. As the center of urbanized life and capital city of
Bangladesh, it is expected that a large cement activity occurs within the
city of Dhaka, which is shown in detail in Figure 24. Almost all of the cor-
porate offices for cement production are located within the city of Dhaka,
while the plants themselves are located along the rivers of the area. From
east to west, these include the Meghna, Shitalaksha, and the Madaripur
Rivers. Plants are also located inland from the city of Ghorashal in the
north to Narayanganj in the south.

Chittagong and Khulna also have a relatively large amount of activity be-
cause Bangladesh’s largest trading ports are in each city. Within both cit-
ies, the corporate offices for cement production are located within the city
center and the plants are located along water bodies. In Chittagong, these
water locations include the Karnaphuli River in the east and the Bay of
Bengal in the west. Spatial data for Chittagong can be found in Figure 25.

4 The Mongla region refers to both Khulna and Barisal divisions, The Dhaka region refers to the Dhaka
and Mymensingh divisions, and Rajshahi refers to Rajshahi and Rangpur divisions.
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Within Khulna, cement plants are located along the Bhairab River, which
combines in the south end of the city with the Rupsa River. Spatial data for
Khulna can be found in Figure 26.

Figure 23. Overview of Bangladesh [green: office, orange: plant, blue: terminal]
(Google Maps, 2016).
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Figure 24. Dhaka area [green: office, orange: plant, blue: terminal]
(Google Maps, 2016).
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Figure 25. Chittagong area [green: office, orange: plant] (Google Maps, 2016).
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Figure 26. Khulna area [green: office, orange: plant] (Google Maps, 2016).
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2.1.7 Construction material industry in India

The Indian cement industry is the second largest cement market in the
world behind China, with 390 million MTPA of production capacity. Pro-
duction is expected to grow to 550 million MTPA by 2020. Cement pro-
duction is used 98% in the private sector and 2% in the public sector. Most
of the demand for cement product in India is from the housing sector,
which accounts for 64% of the total product use. Other uses include infra-
structure (17%), commercial (13%), and industrial (6%) (“Cement” 2015).

Similar to Bangladesh, the largest cement companies account for a signifi-
cant portion of production. The top 20 companies producing cement in In-
dia represent around 70% of production. There are approximately 188
large cement plants and 365 smaller plants (“Cement” 2015).

Cement is also a regional product in India, with the production and con-
sumption concentrated within specific areas. The largest concentration of
cement plants are in India’s south and north in the states of Andhra Pra-
desh, Rajasthan, and Tamil Nadu (“Cement” 2015).

Concentrating on eastern and northeastern India, which share a border
with Bangladesh, 13.7% of the country’s production occurs in this region
(“Cement Production India” 2014). Based on analysis of cement producers
in the region from the material database, the 13 major players can be
found in Figure 27. The largest company is Lafarge, which produces 11 mil-
lion MTPA of cement.



ERDC/CERL TR-16-14

48

Figure 27. Capacity of prominent cement producers in east and northeast India,
FY2015 (ERDC-CERL, 2016).5
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Unlike Bangladesh, cement within India is clustered by locations of lime-
stone deposits in addition to rivers and cities. An overview of the locations
of cement sites can be found in Figure 28 and Figure 29. The major cities
within this region include Kolkata in East India and Guwahati in North-
east India, both of which are centers of corporate offices. These cities are
shown in Figure 30 and Figure 32.

The closest cluster of cement plants to Bangladesh is the Jaintia Hills re-
gion of Meghalaya, which is located near the north border of the two coun-
tries, as shown in Figure 31. There are a number of limestone deposits in
the area that allow the region to be ideal for cement production. The sec-
ond closest cluster of cement plants is on the border of West Bengal and
Jharkhand, in which plants are clustered along the Dhamodar River, as
shown in Figure 34. This location is ideal because the river connects with
the city of Kolkata, allowing for lower transportation costs when providing
cement to this urban area. Another two clusters of cement plants include
the Odissa and West Bengal border as well as in Chhattisgarh because of

5 Capacity data is limited to companies with published production data.
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the availability of limestone in these areas, as shown in Figure 33 and Fig-
ure 35.

Figure 28. East India overview [green offlce orange: plant] (Google Maps, 2016).

Figure 29. Northeast India overview [green: office, orange: plant, blue: terminal]
(Google Maps, 2016).
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Figure 30. Guwahati area (northeast India) [green: office, orange: plant, blue:
terminal] (Google Maps, 2016).
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Figure 31. Jaintia Hills area (northeast India) [orange: plant] (Google Maps, 2016).
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Figure 32. Kolkata area (east India) [green: office] (Google Maps, 2016).
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Figure 33. Chhattisgarh area (east India) [green: office, orange: plant]
(Google Maps, 2016).
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Figure 34. West Bengal/ Jharkhand border (east India) [green: office, orange: plant]
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Compared to India and Bangladesh, Myanmar has much smaller produc-
tion of cement. Most of the cement activity is in and around the cities of
Mandalay, Yangon, and Naypyidaw. Production is mostly controlled by

government or semi-government companies. These companies include the

following:

« Government

o Ministry of Industry

e Semi-Government

o Union of Myanmar Economic Holdings Ltd.

o Myanmar Economic Corporation
o Naypyidaw Development Committee
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o Yangon City Development Committee
o Tee Kyit Cement Plant (USDA)

There are currently 13 active cement plants in Myanmar, providing a total
production capacity of 5.36 MTPA in FY2015. However, the country is un-
able to operate at full capacity due to unreliable energy sources and lack of
infrastructure. For instance, in FY2012 the production was 0.54 million
MTPA despite the country having a 2.2 million MTPA capacity. The capac-
ity of prominent cement producers in Myanmar is shown in Figure 36.

However, the industry is expected to grow significantly. There is a 1.8 mil-
lion MTPA cement plant under Siam Cement’s subsidiary Mawlamyine Ce-
ment Ltd. and a 2.5 million MTPA cement plant under Semen Indonesia
currently under construction; both of these plants would be the largest
producers in the country (Saunders 2015).

Figure 36. Capacity of prominent cement producers in Myanmar, FY2015
(ERDC-CERL, 2016).6
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6 Capacity data is limited to companies with published production data.
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Figure 37 shows locations of cement sites within Myanmar. Cement loca-
tions are mostly in the center of the country. Corporate offices are centered
in major cities, which include from north to south: Mandalay, Naypyidaw,
and Yangon. Cement plants are around locations of limestone deposits and
nearby cities to provide access to natural resources and lower transporta-
tion costs.

Figure 37. Myanmar overview [green: office, orange: plant] (Google Maps, 2016).
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2.2 Product
2.2.1 Codes, standards, and methods

The government of Bangladesh requires concrete, constituent materials,
methods, and procedures to conform to any of the standard specifications
of ASTM (American Society for Testing and Materials), BS (British Stand-
ards), or BDS (Bangladesh Standards) (Technical Specifications for Build-
ings 2005).

Bangladesh follows the Bangladesh National Building Code (BNBC 2015),
which was developed by the Ministry of Housing and Public Projects.
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In order to market products in Bangladesh, the cement brand needs ac-
creditation from The Bangladesh Standards and Testing Institute (BSTT)
to ensure the quality, weight, and services of the product. The BSTI has
adopted the European Norms (EN) titled as BDS EN 197-1:2003, or Ce-
ment Part-1: Composition Specifications and Conformity Criteria for Com-
mon Cement, which categorizes the types of cement. According to BDS EN
197-1: 2003, there are 27 products in the family of common cements,
which are grouped into five categories for classification of cement based on
the composition, these are CEM I, CEM II, CEM II, CEM IV, and CEM V
(Nahar 2011). Details on the cement classification in Bangladesh are
shown in Table 6.

Table 6. Cement classification (Nahar 2011).
Cement EU Standard and Composition

CEM | Fortland a5-100
Fortland-slag 6594  Blast fum. slag
Fortland-silica fume 90-94  Silica fume
Fortland-pozzolana 6594 Pozzolana
CEMIl  Portland-fly ash B5-94  Fly ash
Fortland-burnt shale 6594 Bumt shale
Fortland-limestone 65-94 Limestone
Fortland-composite 6594  Additives mix
CEM Il Blast furnace G--64  Additives mix
CEM IV Pozzolanic 45-89  Additrees mix
CEMY  Composite 20-64 Additives mix

Source: waww.cembureau.be

CEM I is given the title of Ordinary Portland Cement (OPC) because it has
no Supplementary Siliceous Materials (SCM) such as fly ash, silica fume,
slag, etc. The group CEM 11, or Portland Composite Cement (PCC), is sub-
divided into different groups based on the mineral admixture and lime-
stone powder used in production (Uddin et al. 2013). These additions re-
place a significant portion of the clinker in the product.

The following are the relevant standards for cement listed in BNBC:

« BDS 232 - Ordinary Portland Cement and Rapid Hardening Cement

« BDS 612 - Sulphate Resisting Portland Cement-Type A

« ASTM Ci50 — Portland Cement

« ASTM C595 — Blended Hydraulic Cements and others listed in ACI-318
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2.2.2 Construction material

Globally, Portland cement is the most common type of cement used be-
cause modifications can be performed easily, depending on the process
used to combine the components together (Hossain 2015).

Prior to 2003, the only type of cement available in Bangladesh was OPC,
which follows the standards set by the American Society for Testing and
Materials (ASTM). In 2003, additional cement mixes became available in
Bangladesh to make available an array of cement products to customers.
The cement most used is PCC, which follows the European Standard
Methods (ESM). This product is more popular because it requires less
clinker (the largest component in a cement mix), has a greater environ-
mental significance, and has a comparatively lower cost to produce (Hoss-
ain 2015).

Currently, Bangladesh only uses two types of cement product: OPC and
PCC. The ratio of PPC to OPC production is 95:5 (Hossain 2015). The per-
cent composition of materials for PPC and OPC per BDS EN 197-1 is repre-
sented in Table 7. According to a 2013 study on 30 cement bags of differ-
ent brands within Bangladesh, the only types of cement present and in use
for construction works in Bangladesh were CEM I and CEM II (Uddin et
al. 2013). Figure 38 provides a visual representation of the 2013 study.

Table 7. OPC and PPC classification as per BDS EN 197-1 (Uddin et al. 2013).

Type of Portland Cement

g s a v
Composition () | cem1 | CEMIWAM | CEMIB-M | CEMIA-s | CEM
Clinker 95-100 80-94 65-79 80-94 80-94
Blast-furnace Slag - 6-20) -
Silica Fume - - -
Pozzolana - - - -
FIv Ash - 6-20 21-35 - -
Burnt Shale -
Limestone - - 6-20)
Additional 0-5 0-5 0-5 0-5 0-5
Constituents
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Figure 38. Results on study of cement classification within Bangladesh, FY2013
(Uddin et al. 2013).

3%

u CEM| = CEM II/A-M CEMII/B-M = CEMII/A-S = CEMII/A-L

Within PCC, the preferred type of cement is the CEM II/A-M, which is
composed of less mineral admixture than CEM II/B-M. This preference in
product is due to customers’ hesitance to use a cement with large amounts
of minerals due to lack of advanced knowledge and low-quality mineral
admixtures imported from abroad (Uddin et al. 2013).

2.2.3 Grade

In terms of compressive strength of cement mixtures, CEM I shows a rela-
tively higher strength compared to CEM II. With increasing mineral con-
tent in cement, the strength difference is larger at an early age. The com-
mon grade for cement products in Bangladesh is 42.5N and 52.5N for
CEM I and 42.5N for CEM I1.7 It was also found that CEM II/A-S and
CEMII/A-L show faster strength redevelopment compared to CEM II/A-M
and CEMII/B-M (Uddin et al. 2013). Cement compressive strength also
varies based on the preparation used to create the mixture.

2.2.4 Reported quality

Cement purchased directly from a manufacturer is typically better quality
than that acquired from a local dealer or street market. Other factors in the
quality of the cement include the storage of the cement at the construction
site and the brand name of the product. From a study of 135 samples of
CEM I mixture from construction sites in Dhaka in 2001, no test satisfied

7 With increasing grade, the cement has a higher compressive strength.
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the standard compressive strength for 28 days; however, 53.33% of sam-
ples showed strength within 90% of the specified strength (12.4 MPa), and
80% of samples show strength within 75% of the specified strength for 3
days. It was estimated that the 28-day strength is attained in 90—100 days.
Due to this variability, cement product should be tested regularly. To sat-
isfy this need, the Dhaka Engineering Department of the People’s Republic
of Bangladesh has established quality control laboratories with modern
testing equipment (Koehn 2001).

2.2.5 Product in India

The relevant standard for production of cement is set by the Bureau of In-
dian Standards (BIS). The following are the relevant standards for cement,
as listed in BIS:

« IS 269 — Ordinary Portland Cement Grade 33

« IS 8112 — Ordinary Portland Cement Grade 43

« 1S 12269 — Ordinary Portland Cement Grade 53 and 53-S
» 1S 1489 Pt. 1-2 — Portland Pozzolana Cement

« IS 455 — Portland Blast Furnace Slag Cement

« 1S 12330 — Sulphate Resistant Portland Cement

« IS 8041 — Rapid Hardening Portland Cement

« IS 12600 — Low Heat Portland Cement

e 1S 3466 — Masonry Cement

» 1S 8043 — Hydrophobic Cement

Similar to Bangladesh, India mostly produces two types of cement prod-
uct: OPC and PCC. Because of the high availability of fly ash from thermal
power plants and the use of more advanced technology, there is a greater
production of PCC. Only 31.6% of production is OPC. PCC can be divided
into Portland Pozzolana Cement, which is 61.2% of production and Port-
land Blast Furnace Slag Cement, which is 6.9% of production. The com-
mon grades for cement in India include 33, 43, 53, and 53-S. 53-Sis a
grade specifically made for production of railway sleepers (“Cement”
2015).

2.2.6 Product in Myanmar

A large portion of the cement is imported, mainly from Thailand, Indone-
sia, Malaysia, India, and Bangladesh because of undersupply, high prices
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2.3

of domestic cement, and low-quality product. The undersupply, in addi-
tion to the high domestic prices, is due to the relatively small cement
plants that characterize Myanmar. The low quality results from Chinese
machines and spare parts that are used to replace German equipment and
the unskilled cement plant workers with little knowledge of cement. This
translates to a product with quality that is unsafe for construction (Saun-
ders 2015).

Production factors
2.3.1 Raw materials

Raw materials account for the largest cost in the production of cement and
represent 75% of the cost of sales. The main raw material used in produc-
tion is limestone, which is around 70%—75% of the cost of goods sold.
Bangladesh does not have an adequate limestone supply because the land
is mostly composed of silt and sediment. Therefore, Bangladesh cannot
produce clinkers within the country and is left to rely on imports. There
are 10—14 million tons of clinker is imported annually, with more than
80% used in cement production.

The exceptions are the companies of Lafarge Surma and Chhatak Cement
Factory Ltd (a limited-production government-owned company), which
have clinker production facilities in Sylhet. Lafarge Surma is able to ex-
tract 2 million MTPA of limestone across the India-Bangladesh border via
a conveyor belt that is 17.3 km long. In order to provide a quality that is
agreeable to cement production, small amounts of shale are mixed in to
condition the limestone. The governments of India and Bangladesh had
signed an agreement in November 2000 in order to allow this cross-bor-
der commercial and industrial venture. The conveyor belt connects be-
tween a mine at Phlangkaruh, Nongtrai Shella Confederacy in the district
of East Khasi Hills to the cement plant at Chhatak, Bangladesh. Lafarge
Surma, in turn, produces 10% of the total clinker required for Bangladesh
(Ghosh, Bose & Associates 2013).

2.3.2 Imports and exports

The total value in U.S. dollars of imports and exports of the raw materials
used in the production of cement is shown in Table 8.
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Table 8. Imports and exports of raw materials for cement, FY2013 (Simoes 2013).

Sum of Value Material | *
Country - Gypsum Limestone  Slag and Fly Ash Clinker Grand Total
Export ] - ] 5 26,019,200 & - % 26,019,200
Asia
China 5 -5 5 19760000 § $ 19,760,000
lapan 5 - 5 5 6,240,000 S 5 6,240,000
Europe
Belgium-Luxembourg 5 - 5 5 19,200 S - 5 19,200
Import % 14,103,804 $31,026,088 S 15,165,701 5 405,025,600 5 465,411,283
Africa
Egypt 5 -5 290 5 $ 406000 § 408,990
Asia
China 5 124960 S 5 5,200,221 § 23,548,000 § 28,963,181
India 5 326,600 530,478,000 § 4783280 5 6,902,000 S 42,489,880
Indonesia 5 - 5 - 5 - 5 16,646,000 5 16,646,000
Japan 5 5 5 4920000 S 1299200 S 6,219,200
Malaysia 5 5,254 5 5 - § 6,090,000 S 6095254
Oman 5 170,400 S -5 5 - & 170,400
Pakistan 5 2720 5 5508 § 3 5 28318
Singapore 5 -5 -5 - & 974400 § 974,400
South Korea 5 31,240 § -5 172,200 S 36,540,000 S 36,743,440
Thailand § 13,490,000 5 497600 5 -5 48720000 $ 62,707,600
Vietnam 5 -8 - % $ 263,900,000 § 263,900,000
Europe
Germany 5 22,720 5 - Y 5 5 22,720
Italy 5 -5 41900 § 5 § 41900

At present, Bangladesh imports around $405 million per year in clinker
(in 2013). Most of its clinker (96%) originates from Vietnam, Thailand,
South Korea, China, and Indonesia; Vietnam is their major source. Only
2% is imported from India via railway. However, around 98% of lime-
stone, the raw material for clinker, is imported from India.

Gypsum, which is another major component of cement’s composition, is
not available within the country and is imported mostly from Thailand
(95% of Bangladesh cement production utilizes Thailand imports).

Slag and fly ash, which are waste products from the steel industry, are
both available within Bangladesh and are exported more than they are

used within Bangladesh. The major destination of export is China, which
receives 76% of these products from Bangladesh. Bangladesh almost en-
tirely imports its slag and fly ash from China, India, and Japan (Simoes
2013).
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There are two main ports in Bangladesh: the Mongla Port and the Chitta-
gong Port, which are located on the south end of the country. Most im-
ported materials originating from India arrive at the Mongla Port and sev-
eral land ports, whereas materials imported from other countries arrive in
the Chittagong Port (Hossain 2015).

2.3.3 Technology

The following steps are the process followed in Bangladesh to produce ce-

ment through an integrated mill, which uses raw limestone as a raw mate-
rial for production. Because of the limited availability of raw materials, the
cement plants in the Bangladesh industry are 95% grinding plants and 5%

integrated plants. Grinding plants start the production process at step 4.

1. Clinker is produced. The natural raw materials (i.e., limestone, chalk,
shale, mill scale, and bauxite) are crushed into a fine powder in the cor-
rect proportions and blended to make “raw feed” or “kiln feed.”

2. Before entering the kiln, a method of preparation is selected based on
the moisture content of the raw material. The first method is the dry
method, in which a meal is formed from the drying of the materials.
The wet method is typically used when the moisture content is greater
than 20%, in which case additional water is added to form a slurry. In
Europe, the dry method is the most common process used in cement
plants because the wet method requires 56%—66% more energy to cre-
ate the end product. However, the wet method is what is typically used
in Bangladesh.

3. This blend is then processed in a rotary kiln, where it is heated to
1,450 °C (2,642 °F) and very quickly cooled.

4. The clinker is then ground with calcium sulfates (gypsum) and with in-
dustrial process waste such as slag, limestone, and fly ash to make
Portland cement (Hossain 2015).

2.3.4 Transportation and distribution

Cement has a high weight-to-price ratio, thereby affecting transportation
cost which makes up 5% of the cost of sales of the product. Thus the ce-
ment plant’s location with respect to its distribution terminal can be a fac-
tor in the price of a company’s product.
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A combination of distribution methods are used, including bulk and bags
via road, rail, inland waterways, and by sea. Imports and exports of ce-
ment product are more feasible through connecting water bodies because
of the lower cost and easier accessibility (Nahar 2011).

2.3.5 Power

Utility costs represent the second-largest portion of the cost of sales for ce-
ment, which is around 10%. It is estimated that 30—35 kW of electricity is
needed to product a metric ton of cement. Most of the power requirement
for cement plants is met through the national grid; however, companies
with large capacities have transitioned to using captive power plants for
energy. There are currently around 18 manufacturers in Bangladesh that
have captive power plants. Using this method allows for continuous power
supply for uninterrupted production as well as a reduction in utility costs
(Hossain 2013).
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3.1

Ready-Mix Concrete

Concrete is one of the oldest construction materials and is in use throughout
the world for its functionality, accessibility, and cost. Concrete comes from
the Latin word “concretus,” which means “to hold together.” That is, con-
crete is a formable rock. Concrete for construction is composed of a cement
mixture, aggregate, water, and admixture. The material is used for struc-
tural applications including walls, columns, slabs, beams, foundations or as
an architectural feature for curtain walls and decorative columns. The func-
tions of concrete in building structures include insulation from environ-
mental loads (precipitation, fire, wind, temperature, etc.), as well as low-
maintenance and durable structural support.8

There are two main ways to mix concrete: in a batch plant off-site or by hand
and/or a small machine mixer on-site. Ready-mix concrete is a type of con-
crete that is manufactured in a factory or batching plant according to a set
recipe and then delivered to a worksite by truck-mounted transit mixers.
The fresh concrete must be transported within the requisite travel time,
which is typically 120 minutes after batching. As an advantage, ready-mix
concrete plants in a centralized location can serve urbanized areas while
eliminating or avoiding storage space, material waste, noise and dust pollu-
tion, and additional labor on-site. The solution reduces costs and provides
a better quality of concrete. A disadvantage of ready-mix in a city is that it
generates additional road traffic, and that access to roads and sites are re-
stricted due to limitations in truck weight capacity (Jahid).

Industry
311 Global scenario

The ready-mix concrete market is expected to grow over due to the rising
demand for the product in the construction industry. The first ready-mix
factory was built during the 1930s, however the industry did not start to
expand until the 1960s (Haq et al. 2013).

8 Britannica Academia, Online ed., s.v., “Concrete.” Accessed 15 January 2016. http://www.britan-
nica.com/technology/concrete-building-material .
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312 Background

Ready-mix concrete was first established in the city of Dhaka in 1991 by
Concord Ready-Mix with one batching plant, three transit mixers, and one
concrete pump. Since then, the industry has evolved to a much larger
scale, with many other companies emerging (Haq et al. 2013).

3.13 Producers

According to records for FY2010, there are around 76 ready-mix concrete
plants in Bangladesh with a total capacity of around 1,200 cubic meters
per hour, which creates a production of 1.8 million cubic meters of con-
crete per year. The industry’s production is very closely related to the ac-
tivity within the construction sector (Haq et al. 2013).

The top 11 companies and their installed capacities are shown in Figure 39.
The figure was formed from a collection of capacities of cement companies
from a variety of data sources within the material database. These data
sources are included within the database itself.
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Figure 39. Ready-mix concrete capacity for prominent companies in Dhaka, FY2015
(ERDC-CERL, 2016).°
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3.14 Consumers

Ready Mix as a product is used typically when building activity is located
in congested sites with small space available, which is why the demand for
ready-mix concrete is driven by cities, such as Dhaka and Chittagong,
Bangladesh. Rural locations in the country rely on concrete production on-
site (Hagq et al. 2013).

3.15 Locations of construction material

Ready-mix plant locations correlate with locations of cement plants in
Dhaka because a portion of the companies produce both cement and con-
crete. Corporate offices are all located in central Dhaka, with ready-mix

9 Capacity data is limited to companies with published production data.
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plants located both along waterways and around the city. Figure 40 shows
the locations of offices and plants within the Dhaka region.

Figure 40. Locations of ready-mix office and plants in Dhaka area [green: office,
orange: plant] (Google Maps, 2016).

Q Kapasia
23004 - d

(H1F)

J_rullh’l?nx!l Palash

As0s Kaligan

#ite 220m
ua@ gt
f E rry | R0 Ghorashal
- N aripara - bt
A302
Nagori

-9
(s kL] "
L |
Savar
A o o |
M
a - i
Q (oo | fetee]
upgan| h E
[ Wson | D a Rupgan, e it
Hemayetpur Beraid Q dak '
Kan
Hazratp ‘ (2|
Munshipur
noz P
Imato 1=
(i) ~
Keraniganj ara
o1 co
Lol RN LTI
@ & Sodenslf g
=L Senargaon
i 1061 =T
9 aaral
archaria Narayand/an]
P e
0
g1z
Nimtola Char Balaki
2820; L
Furshail
28203 ekl 9
Gazana
- Pania A L T
nez0 12 -
Tongib.
o 9

3.2 Product
3.2.1 Codes, standards, and methods

The government of Bangladesh requires concrete, constituent materials,
methods, and procedures to conform to any of the standard specifications
of ASTM, BS, or BDS (Technical Specifications for Buildings 2005).

Bangladesh follows the Bangladesh National Building Code (BNBC 2015),
which was developed by the Local Government Engineering Department
(LGED) of the Ministry of Housing and Public Projects.



ERDC/CERL TR-16-14 66

According to the BNBC 2015 code, materials used in the production of
concrete and admixtures for concrete shall comply with the requirements
of Chapter 1 Part 2.4, which lists the standards for each of the constituents,
as well as Chapter 5, which covers the mixing, production, and testing of
normal weight concrete.

Concrete design is listed in Chapters 5—6 and 8—9 of the BNBC-2014 Code
and describes design, rebar detailing, and prestressed concrete. Technical
Specifications for Buildings (2005) provides requirements for concrete
work in book Chapter 10.

3.2.2 Grade

According to Technical Specifications for Buildings (2005), Section 10.1.4,
there are a number of concrete classes with different structural applica-
tions. The use of crushed stone aggregate provides a higher 28-day cylin-
der strength concrete compared to picked Jhama brick chips. The concrete
classes are shown in Table 9.

Table 9. Concrete classes (Technical Specifications for Buildings 2005).

28 day Cylinder Mix Ratio
Concrete Class Strength in kglcm? Coarse Aggregate Type (by volume)
{minimum) {only indicative)

A1 250 Crushed stone 1:15:3
A2 210 Crushed stone 1:2:4
Ad 200 Picked Jhama Brick Chips 1:15:3
A 170 Picked Jhama Brick Chips 1:2:4
B-3 105 Picked Jnama Brick Chips 1:3:6

3.2.3 Reported quality

Compared to a batching plant, concrete that is mixed and prepared at a
construction site has a relatively poorer quality. At the construction site,
there are generally unskilled workers involved in creating concrete. When
mixed on-site, water is typically added until the cement because workable,
which leads to the strength lower than the target strength. This high water
content creates a porous concrete which allows for harmful constituents to
pass through the material and cause early deterioration. Other leading
causes of deterioration in Bangladesh include unsieved and unwashed ag-
gregates, mud in mixing water, excess aggregate, and poor mixing and
proportioning of ingredients (Uddin et al. 2013).
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3.3

Production factors
3.31 Raw materials

Bangladesh possesses a number of mineral deposits for construction ag-
gregate; however, these sources are mostly unexploited due to the infeasi-
bility in excavation. There are seven sand deposits, one hard rock deposit,
and four gravel deposits reported by the Geographical Survey of Bangla-
desh.0 Currently, only one of the deposits is being exploited and is an ac-
tive mining facility in the production of granite and other construction ag-
gregate. The active mine is the Maddhapara Granite Mining Company,
located in the Rangpur Region of Bangladesh. It is owned by the company
Petrobangla and has a 1.65 million MTPA capacity, with the majority of
the product sold domestically (Fong-Sam 2014).

3.3.2 Imports and exports

As mentioned previously, the two main ports in Bangladesh are the
Mongla Port and the Chittagong Port. Most imported materials originating
from India arrive at the Mongla Port and several land ports, whereas ma-
terials imported from other countries arrive in the Chittagong Port. Most
of Bangladesh’s trade of cement products is with countries in Asia.

Cement is one of the most competitive industries in Bangladesh, which
leads to a surplus capacity (Hossain 2015). Bangladesh exports around
$12.5 million per year in cement, which is almost completely transported
to India (Simoes 2013). There are only eight cement companies in Bangla-
desh, and they cumulatively export 0.26 million MTPA of cement via ves-
sel to India. These companies are listed below:

« Shah Cement

« LafargeHolcim Cement
« Seven Circle Cement

« Unique Cement

 MI Cement

+ Confidence Cement

e Premier Cement

« Aramit Cement

10 Banglapedia, National Encyclopedia of Bangladesh. Online edition, s.v. “Mineral Resources.” Ac-
cessed 23 June 2016. http://en.banglapedia.org/index.php?title=Mineral _Resources .
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These companies all export in very low quantities and mostly to neighbor-
ing countries since they are easily accessible through water transportation
(ships and mother vessels) (Nahar 2011). The country imports around
$706,000 per year in cement, which originates mostly from Singapore,
Egypt, Thailand, and China.

The other main component of concrete is aggregate, which is both im-
ported and exported by Bangladesh. Coarse aggregate is exported almost
exclusively to India, and fine aggregate (construction sand) is exported to
China.

Coarse aggregate is imported mostly from India (71% of product). Other
sources of aggregate are Asia (China, Pakistan, and Singapore) and Europe
(France, Germany, Italy, and the United Kingdom).

Construction stone and hard rock is almost entirely imported because the
materials are either not available or have minimal reserves in Bangladesh.
Typical materials include dolomite, granite, and marble, which are im-
ported from different parts of Asia and Europe.

Lastly, prefabricated concrete products, such as precast concrete, is ex-
changed mostly between Bangladesh and India. There are also some im-
ports originating from China and Thailand (37% of product).

The total value in U.S. dollars of imports and exports of raw materials used
in the production of cement is shown in Table 10.
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Table 10. Imports and exports of materials for RMC, FY2013 (Simoes 2013).

Sum of Value Material |~
Country A Cement Dolomite  Granite Sand Aggregate  Construction Stone  Concrete Marble Grand Total

Export § 12501690 $ - § - § 62100 $5920,000 $ 8390 S 98400 $§ - §18,590,580
Africa

Cote D'lvoire 3 1,690 5 -5 - 5 -5 -5 - 5 - 5 - 5 1,690
Asia

China 5 -5 - 5 -5 62100 § -5 -5 -5 -5 62,100
India $ 12500000 5 - & - & - 55920000 5 - 5 98400 § - 518518400
Eurape

United Kingdom  § - 5 - 5 - 5 - 5 - 5 8390 $ -5 -5 8,390
Import $ 706,620 $ 803,883 $2,994,784 §$1,406,193 53,869,226 $ 6,713,333 $4,950,735 $3,082.772 §24,527,546
Africa

Egypt 5 148,200 S - 5 - &5 225800 S 5 3941 § - 5 147840 5 525581
Madagascar 5 - 5 - 5 5083 5§ - 5 5 - 5 - 5 - 5 5,083
Asia

China 5 15000 5 - & -8 - 5 251550 § 5,392,096 51740700 S -5 7499346
India 5 21480 § 794970 52,631,200 § 211,500 52,747,700 5 1,068,800 53,106,445 S 338800 S 10,920,855
Malaysia 5 40980 S -5 -5 - 5 - 5 - 5 - 5 - 5 4,980
Pakistan 5 -5 3081 0§ 5 -5 356040 S 59452 & -5 203,280 S5 621823
Singapore 5 75000 5 - & $ B3L900 5 BL2TD S - 0§ 2460 5 -5 1,180,630
South Korea 5 - 5 - 5 S 49350 & - 5 - 5 - 5 5 49330
Thailand 5 142,000 & 5862 § 5 5781 § 5 12,682 § 99365 § 5 265,700
Eurape

France 5 5 5 5 18330 § 116100 5 5 5 5 134,430
Germany 5 5 5 § 11562 5 108360 5 -5 5 - 5 11992
Greece 5 5 5 -8 -5 -5 9382 5 5 126280 5 155,672
Italy 5 5 $ 218270 § 5 181,830 5 133,600 § $ 283360 5 817,120
Norway 5 5 5 17641 & 5 - 5 - 5 5 S T A
Portugal 5 5 5 -5 5 5 5 § 12012 5 12002
Spain 5 $ §  BET1 & s 5 $ - 8 - 5 8671
Turkey 5 5 502600 § 5 5 § 1765 51971200 5 2,065,655
Ukraine 5 $ § 21,229 5 - 5 - 5 $ - 8 - 5 21,29
United Kingdem & 5 5 -5 2150 5 26316 5 5 5 5 47466
North America

United States 5 5 5 $ 31020 § 5 13360 $ 5 5 44380

3.3.3 Technology

The basic process in creating ready-mix concrete has been unchanged
since the mid-20th century, as described in the steps below.

1. The dry cement mix, aggregates, and admixtures are measured into a
bin in a stage called batching, according to a set of instructions for a fi-
nal product. This process is completed through an electronic system,
which is controlled by an operator to handle weighing and mixing. This
technology was introduced during the late 1970s and early 1980s.

2. The mix is then placed onto a truck, where water is added. These two
steps are interchangeable and depend on the practice of the plant. The
typical capacity for current cement trucks is 10 cubic yards to as much
as 12 cubic yards and results in a truck that weighs as much as 38 tons
after loading.
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3. Once at the construction site, concrete pumps are used by construction
contractors or firms to place the concrete on a job site (Syverson
2008).

3.3.4 Transportation and distribution

One of the disadvantages of concrete is that it must be placed within
around 120 minutes after batching at the plant, which is a very limited
time span. Delivery of concrete from the batch plant to the construction
site is a logistical coordination since the product is perishable and time-
sensitive to buyers. Deliveries are typically coordinated through a central
office when a company possesses multiple batch plants. There is typically
an optimization of delivery flexibility, capacity, and backup capability
based on the location of plants (Syverson 2008).

3.3.5 Power

The power consumption for a ready-mix plant varies based on its size,
which results in a range between 100 kW and 500 kW (Jahid 2016).
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4.1

Aggregates

Aggregates are characterized as stones, gravel, and sand and are desig-
nated by their grade, which is a spectrum from fine-to-coarse material
ranging from 0.001-1.5 in.1t

Industry
411 Background - Jhama brick chips

Brick chips have been used in Bangladesh to produce concrete for years,
due to the lack of stone availability. There are an estimated 5,000 brick
kilns operating in Bangladesh, with 1,000 brick kilns surrounding Dhaka.
The largest proportion of bricks are Bangla bricks which are molded by
hand and fired in traditional kilns. The heavily fired bricks are broken up
into pieces referred to as pickets, which make up 15%—20% of the produc-
tion of a fixed chimney kiln and are a substitute for stones which are gen-
erally unavailable in Bangladesh. The pickets are mixed with cement to
form concrete used in building construction, and they are used for other
tasks such as building paved roads (Luby et al. 2015). Compared to pro-
duction of stone product, there is greater damage to agricultural land and
deforestation due to the use of firewood (Wee and Lee 1996).

412 Background - crushed stone

Bangladesh is almost entirely dependent on imported stone, with a de-
mand of 7 million metric tons in FY2013 (Uddin et al. 2013). Crushed
stone is an expensive material in Bangladesh, which is why there is a
greater presence of bricks in aggregate (Hossain et al. 2011).

413 Background - gravel

The total gravel reserves is around 10 million cubic meters and it is a re-
source currently being exploited and used in Bangladesh. Gravel deposits
are available along the foothill areas of the Himalayas. The deposits are
typically river-borne and travel downstream during the rainy season.2

11 Britannica Academia, Online ed., s.v., “Concrete.” Accessed 15 January 2016. http://www.britan-
nica.com/technology/concrete-building-material.

12 Banglapedia, National Encyclopedia of Bangladesh. Online edition, s.v. “Mineral Resources.” Ac-
cessed 07 January 2016. http://en.banglapedia.org/index.php?title=Mineral Resources.
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4.1.4 Background - construction sand

Construction sand is a plentiful resource in Bangladesh and is available in
riverbeds throughout the country. Sand is composed of quartz of medium
and coarse grain (“Mineral Resources” 2014).

415 Location of construction material

The geography of Bangladesh determines where aggregates are located
throughout the country. Sand and gravel are located mostly along the
Jamuna (Brahmaputra) River and the Teesta River in the north and the
Meghna river in the south. Stone and gravel are located mostly in the
Sylhet region along the border of India and Bangladesh due to the moun-
tainous geography of the area. Stone can also be found in the Chittagong
region in the mountains of the Chittagong Hill Tract. Sand is located in the
Sylhet region as well along the lesser rivers running from India into Bang-
ladesh. Locations of aggregates within Bangladesh can be found in Figure

41.

Figure 41.. Locations of aggregates in Bangladesh [red: deposit] (Google Maps,
2016).
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4.1.6 Locations of aggregates in India

Within northeast India, gravel and sand are located along the Brahampu-
tra River, which stretches from the northeast border between the Indian
states of Arunachal Pradesh and Nagaland to the north border between
Bangladesh and India. There are additional sand and stone quarry sites
along the north Bangladesh-India border. Locations of aggregates in
northeast India can be found in Figure 42.

Within east India, sand and gravel are located along the rivers, including
the Mahanadi, Hooghly, Hasdo, Damodar, Subarnarekha, and Baitarani
Rivers. There is a spread of stone quarries throughout the region as well.
Locations of aggregates in east India can be found in Figure 43.

Figure 42. Locations of aggregates in northeast India [red: deposit]
(Google Maps, 2016).
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Figure 43. Locations of aggregates in east India [red: deposit] (Google Maps, 2016).
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4.2

Product
42.1 Codes, standards, and methods

Concrete aggregates shall conform to the standards “Coarse and Fine Ag-
gregates from Natural Sources for Concrete” (BDS 243: 1963) and “Specifi-
cation for Concrete Aggregates” (ASTM C33/C33M-08).

4.2.2 Construction material - Jhama brick chips

The absorption and abrasion of brick aggregates and brick chips is higher
than stone aggregates and shingles. Brick chips have the lowest workabil-
ity because of the internal friction between the aggregates and because of
the higher absorption. More water is typically added to mixes with brick
chips to improve the workability (Uddin et al. 2013).

4.2.3 Construction material - crushed stone

The quality of stone chips may be questionable. Shingles, or round-shaped
stone, are used in construction because they provide better workability
due to their round shape (Uddin et al. 2013).

4.2.4 Construction material - demolished concrete

Recycled concrete brick is another possibility for use as an aggregate.
Through recycling, it is possible to create a concrete with a higher strength
compared to the strength of in-situ concrete of old structures in Bangla-
desh. The material is a coarse aggregate which produces a concrete
strength of around 20.7—31.0 MPa. The compressive strength is similar to
that of a virgin-class brick aggregate concrete for up to 50% replacement
of brick. The performance was found to be better for a water content of
0.45 (Mohammed et al. 2014).
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51

Timber

Background

Wood has been put to use since humans appeared on Earth. The natural
material is a strengthening tissue of trees and other plants, and it is plenti-
ful and has multipurpose uses. There are an estimated 3,000—4,000 spe-
cies of plants that produce wood that is suitable for material use. It has
large economic importance because it can be found throughout the world
and is a renewable resource. Wood is strong in relation to its weight and
has insulating capacity to heat and electricity. It is the raw material for
lumber, furniture, plywood, wood-based panels, fuel, pulp and paper, and
a number of chemical products.

5.1.1 Types of products

There are a number of products derived from manufacturing of wood
which possess varying structural properties and processing techniques.

5.1.1.1 Natural wood

Round wood products are used to make poles, posts, and certain mine tim-
bers and are typically given a preservative treatment. Sawn wood is refer-
ring to products derived from a sawmill. The main product of sawn wood
is lumber, which is used in logs, timber, or members of light-frame con-
struction. Timber is used for heavy construction and can be classified as
hardwood or softwood.

5.1.1.2 Layered wood

Veneer is another common product, which is a thin sheet of wood of uni-
form thickness (around 0.02—0.04 in.), and it is used for plywood, furni-
ture, and other household products. Plywood is composed of layers of
glued veneer, with different grains crossing each other at right angles. The
material allows for: stability across more dimensions than natural wood,
uniform strength, splitting resistance, panel forming, and more decorative
value. Structurally it is used for walls, floors, roofs, doors, and has many
other applications. Similarly, laminated wood is built with glued layers of
wood; however, the grain of the wood pieces are glued parallel to the
member’s length. Laminated wood is used for load-carrying members such
as beams or arches.
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5.2

5.1.1.3 Wood residue and fibers

Particle board is a product manufactured with flake-like forms of wood
glued together, typically from sawmill and other wood industry residues.
The product is used for interior uses such as furniture, paneling and doors,
as well as for structural purposes. Fiberboard is made from wood fibers
which are held together by physical forces (hydrogen bonding), flowing of
lignin in fibers, or interweaving of fibers. There are two types of fiber-
board: insulation and compressed. Insulation board is used in construc-
tion for insulation and cushioning, whereas compressed wood has a vari-
ety of uses such as furniture, wall paneling, house siding, and concrete
forms. A relatively new compressed product is medium density fiberboard
(MDF), which is used for the same applications as compressed wood.!3

5.1.1.4 Bamboo

Bamboo is a subfamily of tall tree-like grasses with over 1,400 species and
is located in tropical, subtropical, and mild temperate regions. It is a fast-
growing plant which grows in clusters and consists of woody, ringed stems
called culms, which are typically hollow. Bamboo has a wide range of uses,
especially for those in East and Southeast Asia. Some of the structural pur-
poses of bamboo culms include planks for houses and rafts, scaffoldings,
and flooring.14

Industry
5.2.1 Global scenario

Unlike mineral-based industries, global forest resources are renewable and
can be maintained indefinitely through proper management. The act of de-
forestation of tropical areas accounts for 20% of total human caused car-
bon dioxide emissions. This demand for preservation has led to the for-
mation of forest certification programs. Through certification, forest
managers and owners are given recognition for forest management prac-
tices, which protects the environment and is a sustainable solution. Within
Europe and North American, roughly 50% and 35% of forests are certified,

13 Britannica Academia, Online ed., s.v., “Wood.” Accessed 15 January 2016. http://www.britan-
nica.com/science/wood-plant-tissue.

14 Britannica Academia, Online ed., s.v., “Bamboo.” Accessed 15 January 2016. http://www.britan-
nica.com/plant/bamboo.
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respectively. Whereas in Africa and Asia, this number is approximately
1.0% (Fernholz and Kraxner 2012).

Bangladesh has the fourth-strongest annual growth forecast for wood-
based panels at 4.3% annually, and is ranked 10th for market potential,
which indicates that the market will have more potential in the coming
years. Globally, the growth for the industry is forecasted to be 2.2% per an-
num for 2015—2019. Plywood has the largest global demand at 43.1%, fol-
lowed by fiberboard (24.1%), veneered panels (13.3%), particle board
(7.9%), veneers and plywood sheets (7.3%), waferboard (4.0%), and densi-
fied wood (0.4%) (“Wood-Based Panel Markets” 2015).

5.2.2 Background

5.2.2.1 Forest resources

Currently, timber is expensive in Bangladesh due to deforestation. Two-
thirds of timber is used for fuel in cooking and industry, the rest is used for
paper and construction. In 1989, the Bangladeshi government imposed a
moratorium on log cutting from any natural forest, and therefore the
country’s domestic use of timber is limited to plantations (Choudhury
2016).

Historically, bamboo has been the most widely used building material
within Bangladesh, specifically in construction of homes because 60%—
70% of homes are built with bamboo (Tariq and Jinia 2012). However,
bamboo has a similar future as timber: with population growth in Bangla-
desh, plantation land for bamboo is being destroyed or converted to other
crops. The cost of growing bamboo has been increasing over the past dec-
ade, which has caused many bamboo plantation owners to either change
professions or become unemployed (“Homestead Bambo” 2015).

Flooding has a large effect on the production of timber and bamboo. Trees
aged 1—32 years typically have been found to be affected. Long periods of
inundation and waterlogging cause root rotting, permanent wilting, defoli-
ation of trees, and absence of air in root system which affects respiration.
There are two types of wilting that occur: physiological due to water stress
and water logging, and pathogenic due to infection by fungus (Basak et al.
2015).
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5.2.2.2 Production

Bangladesh has a long history of plantation forestry, beginning in 1871
with teak, which was the dominant plantation species until the 1960s. It
was found that teak removes soil fertility, prevents undergrowth vegeta-
tion, and has success only in suitable site conditions. Therefore, more than
130 different exotic tree species have been tried in plantation programs;
however, only a select number have shown promising growth perfor-
mance.15 It has been reported that 20%—-30% of all plantations estab-
lished during the last 30 years have been destroyed, and those surviving
have reduced capacity from lack of proper maintenance. Many plantations
have been converted into rice fields because of the growing population in
Bangladesh, which has been increasing the demand for the product. How-
ever, the plantation program has been increasing in size daily, with exotic
species having preference over indigenous species (Hossain 2003).

The sawmilling sector within Bangladesh contributes about 2% to the
gross national product (GNP). There is a rapid increase in the number of
operating sawmills, which indicates that it is profitable.

5.2.3 Producers
5.2.3.1 Forest resources

There are two government agencies responsible for Bangladesh timber and
bamboo resources. The Bangladesh Forest Department (BFD) is responsi-
ble for managing and establishing plantations, harvesting, selling forest
produce, and developing parks and gardens. The Bangladesh Forest Re-
search Institute (BFRI) and Bangladesh Forest Industries Development
Corporation (BFIDC) conduct research and process timber and forest
products (Basak et al. 2015).

Bangladesh has very limited forest resources, with uneven distribution of
forest across the country. Natural forest density is getting thinner over

15 These exotic tree species are are Tectona grandis, Paraserianthes falcataria, Hevea brasiliensis, Dal-
bergia sissoo, Swietenia macrophylla, Acacia nilotica, Eucalyptus camaldulensis, E. tereticornis, Pinus
caribaea, Xylia kerrii, Leucaena leucocephala, Acacia mangium, A. auriculiformis and Gliricidia sepium.
However, Eucalyptus camaldulensis, Acacia mangium and A. auriculiformis have already been removed
from large-scale plantation programs because of the controversy about their suitability or poor effects
on the ecosystem.
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time. The yearly production of wood logs is estimated to be 1.8 cubic me-
ters for FY2015. Village forests supply 55%—85% of all wood consumed
(Rahman 2012).

In total, village forests account for 1 million cubic meters is logs, 4 million
cubic meters in fuel wood, and 0.53 million metric ton (MT) of bamboo in
one year (Govil 2000). Rural sawmilling depends on village forest re-
sources, while urban sawmills rely on timber resources from village and
government forests. The southern and southeastern regions have the best
stock of private wood supplies at medium supply. At the same time, the
northwest and northeast regions have lower stock of private tree resources
(Govil 2000).

The level of production of bamboo is declining, despite its high demand
and profit (Stulz 1992). There are a lack of well-managed bamboo planta-
tions and forests, so prices have been increasing. Farmers in the north-
west, northeast, and west hold 70% of private bamboo resources, at 13
culms per capita (Govil 2000).

5.2.3.2 Production

Sawmills in Bangladesh are mostly private, widely distributed, and make
up a small footprint in area. There are officially 4,500 sawmills in the
country without pitsaws and 10,000 units with pitsaws. Sawmills are ei-
ther of regional manufacture (India and Pakistan) or more recently of local
manufacture (Islam et al. 2013). For timber production, the daily capacity
of each sawmill is around 2 cubic meters, which is a capacity of 2.7 million
cubic meter in a year. For plywood, most of the units are old and have an
annual capacity of around 4 mil. square meters. The production locally ap-
pears much greater than local commercial plywood demand. (Govil 2000).

The sawmill sector in Bangladesh can be classified as old, inefficient, and
underutilized. Sawmills have low productivity, inefficient management, and
high waste. Sawmills have been operating around 63% of the present capac-
ity, which shows that there is a lower scale of production. The managerial
capability and technical knowledge does not contribute to a high standard
return on its investment. Waste occurs in the form of work-time because of
log shortage and lack of maintenance. The facilities compete against other
processing facilities to reduce the number of logs in the forest. There is a
clear need for improvement within the sector to minimize waste of usage
timber (Islam et al. 2013).
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5.24 Consumers

Production of timber cannot keep pace with the demand. The gap between
timber demand and production is continuing to grow larger over time. The
highest demand is from Dhaka and the central part of country; however,
this area has the fewest timber resources. The per capita consumption is
0.005 cubic meters, which is the lowest compared to surrounding countries.
The 2015 demand is estimated to be 6.8 million cubic meters (Rahman
2012).

5.2.5 Locations of construction material in Bangladesh

Locations of timber in Bangladesh can be found in Figure 44. Forested areas
in Bangladesh are mostly along the borders of the country, which include
the Chittagong Hill Tracts, Sylhet, the Sundarbans in southwest Bangla-
desh, and in the Rangpur Region. There are also a few forests located in
North Central Dhaka.

Saw mills are mostly located along highways and major roads within the
country and tend to avoid locations along rivers, most likely due to the abil-
ity to transport raw materials and finished product on land. The largest clus-
ters of saw mills are in major cities such as Dhaka, Jessore, Khulna, Barisal,
and Chittagong. These areas are shown in Figure 45, Figure 46, and Figure
47. These clustered locations are due to urbanization and thus the larger
demand for timber in these areas.

A larger range of products are generally produced within the city of Dhaka,
such as veneer board, particle board, and plywood. Whereas in other, lesser
regions such as Khulna, Rajshahi, and Rangpur, there are generally particle
board mills. Chittagong supplies mostly plywood product.
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Figure 44. Locations of timber in Bangladesh [red: plant, green: deposit, blue: office]
(Google Maps, 2016).
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Figure 46. Locations of timber in Jessore and Khulna, Bangladesh [red: plant, green:
deposit] (Google Maps, 2016).
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5.2.6  Construction material industry in India

India’s imports of timber and timber products has increased significantly
over the past decade, from $500 million to $2.7 billion, due to restrictions
on domestic harvesting and limited forest resources. India is a large wooden
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5.3

furniture exporter. For Bangladesh, India is the largest source of imported
wood veneer.

The forest cover of India is around 22% of the land cover, with a significant
portion of forest in mountainous regions that are difficult to access. The
eight northeast states are the most densely forested areas of India and rep-
resent a quarter of the forest cover. Two policies have had a significant effect
on the industry. The 1988 National Forest Policy called for a substitution of
wood wherever possible, which slowed timber production and sparked the
sustainable importation of logs. Additionally, the 1997 Supreme Court of
India ruled that only central government could approve forestry land for
any non-forestry purposes, which closed saw mills lacking approval to har-
vest and lowered domestic production, especially in northeast India.

5.2.7 Construction material industry in Malaysia

Malaysia has the world’s largest area of certified tropical forest, with a total
of 5.79 million hectares. As a result, there is a large demand for certified
timber products globally from Malaysia. Malaysia is among the largest ex-
porters of wood products in the world. The largest sectors of these exports
include sawn timber, plywood, and wooden furniture. For Bangladesh, Ma-
laysia provides the largest source of particle board.

There are a number of policies which have stimulated the timber industry
in Malaysia. The Promotion of Investment Act of 1986 relieves income tax
from industrial, agricultural and other commercial enterprises, which pro-
motes exports from the wood-based industry. The National Timber Indus-
try Policy (NATIP 2009—2020) was established to help the timber industry
become dynamic and progressive with better quality timber products
through the year 2020 (Harun et al. 2014).

Product
5.3.1 Codes, standards, and methods

Timber construction is described in Part 6, Chapter 11 of the Bangladesh
National Building Code (BNBC-2014). Material standards for timber and
wood products and their relevant codes are listed in Part 5, Chapters 2.8
and 2.9.
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5.3.2 Construction material - timber

Teak is often seen as a benchmark with respect to grade and prices of other
wood species because of its availability and resistance to termites and decay.
The major species in plantations include the Acacia nilotica, Dalbergia sis-
soo, Tectona grandis, Lagerstroemia spp., Gmelina arborea, Sonneralia
apetale. All other species are classified as least concern, are data deficient,
or have not been evaluated according to International Union for Conserva-
tion of Nature (IUCN) Red List of Endangered Species (IUCN Red List
2016).

Of this sample of timber for construction, the major forest species within
Bangladesh include the Dipterocarpus alatus, Heritiera spp., Hopea odo-
rata, Michelina montana, and Syzygium spp. Within the Hill Forests of
Bangladesh, one can find Artocarpus chaplasha, Dipterocarpus alatus,
Duabanga sonneratioides, Pterygota alata, and Swintonia floribunda. In
Littoral Mangrove Forest areas are typically the Bruguiera conjugata, Ceri-
ops roxburghiana, Heritiera spp., Sonneralia apetale, and Xylocarpus rol-
loensis species. Within Plain Sal Forest are the Shorea robusta and Lager-
stroemia spp. (Govil 2000). From this list, Hopea odorata is classified as
vulnerable and Ceriops roxburghiana is near threatened. All others are
classified as least concern, are data deficient, or have not been evaluated
according to IUCN Red List of Endangered Species (IUCN Red List 2016).

The species of timber as provided in Table 11.4.1 of the BNBC-2014 code are
presented in Table 11, Table 12, Table 13, and Table 14, along with Figure

48.
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Figure 48. Footnote (BNBC 2014, Table 11.4.1).

T Classification for preservation based on durability tests, etc.
Class
| — Average life more than 120 months;
Il — Average life 60 months or above but less than 120 months; and

Ill - Average life less than 60 manths.

1 Treatability Grades
a — Heartwood easily treatable;
b — Heartwood treatable, but complete penetration not always obtained; in case where the least dimension is more than 60 mm;
¢ — Heartwood only partially treatable;
d — Heartwood refractory to treatment; and

e —Heartwood very refractory to treatment, penetration of preservative being practically nil even from the ends.

Data based on strength properties at three years of age of tree.

§ Classifications based on seasoning behavior of timber and refractoriness w.r.t. cracking , splitting and drying rate.
A - Highly refractory (slow and difficulty to season free from surface and end cracking);
B - Moderately refractory (may be seasoned free from surface and end cracking within reasonably short periods, given a little protection against rapid drying conditions); and

C— Non-refractory (may be rapidly seasoned free from surface and end-cracking even in the open air and sun. If not rapidly dried, they develop blue stain and mould on the surface.

There are a number of preferred cut sizes for use as structural components
according to the BNBC 2014 Building Code. These material sizes vary based
on their application, which includes roof trusses, roof purlins, rafters, floor
beams, and partition framing, covering, and centering. These sizes are
shown in Table 15, Table 16, and Table 17.

Table 15. Preferred cut sizes of structural timbers for roof trusses (span from 3 m to
20 m) (BNBC 2014 Table 11.4.5).

Thickness Width

mim mim
1 2 3 4 5 b 7 8 9
0 40 50 &0 10 100 _ _ )
15 40 50 &0 0 100 120 160 120
30 40 50 &0 10 100 120 160 130
15 _ _ &0 50 100 120 160 120
40 _ _ &0 0 100 120 160 120
50 _ _ &0 10 100 120 160 130
60 _ _ _ 10 100 120 160 120
B0 _ _ _ _ 100 120 160 130
NOTES

1 For s spans marginalty shove 20 m, prefarred cut sizes of stmemral dmber may be allowed.

2 Profumed Lemgths of ttmhoc 1, 15,225 and 3 m
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Table 16. Preferred cut sizes of structural timber for roof purlins, rafters, floor beams,
etc. (BNBC 2014 Table 11.4.6).

Thickmness Width

mim m

1 2 3 4 5 & 7 ]
50 0 100 120 120 _ _ _
&0 0 10D 120 140 160 _ _
20 _ 10D 120 140 160 _ _
100 _ _ _ 140 160 160 200

NOTE —Prufarred langths of timber: 15,225 and 3m

Table 17. Preferred cut sizes of structural timbers for partition framing and covering,
and for centering (BNBC 2014 Table 11.4.7).

Thicknass Width
mim mim
1 z 3 4 5 6 7 B 9 10
10 &0 50 &0 20 _ _ _ _ _
15 &0 50 &0 20 100 _ _ _ _
0 &0 50 &0 20 100 120 160 200 _
5 &0 50 &0 20 100 120 160 200 240
30 &0 50 &0 20 100 120 160 200 240
a0 &0 - &0 20 100 120 160 200 240
50 _ 50 _ 20 100 120 160 200 240
&0 _ _ &0 20 100 120 160 200 240
£ 20 100 120 160 200 240

5.3.2.1 Timber products

According to IS 5539 (1969) Amendment No. 4, the dimensions of plywood
boards shall be:

« 2400 mm X 1,200 mm (around 7'-10" x 3'-11")
2,100 mm X 1,200 mm (around 6'-11" x 3'-11")
e 1,800 mm x 1,200 mm (around 5'-11" x 3'-11")
e 2,100 mm x 900 mm (around 6'-11" x 3'-11")
* 1,800 mm x 900 mm (around 5'-11" x 2'-11")

Thicknesses shall be 3 mm, 4 mm, 5 mm, 6 mm, 8 mm, 9 mm, 12 mm, 15
mm, 19 mm, 22 mm, and 25 mm.

Tolerances for the length are -0 and +6 mm and for the width are -0 and
+3 mm. For thicknesses less than 6 mm, + 10% and for thicknesses 6 mm
and above, + 5% (IS 5539 [1969]).
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Typical particle board thicknesses are estimated to be 9 mm, 12 mm, and
18 mm, based on collected data from particle board mills as part of the
material database.
5.3.3  Construction material - bamboo
Bamboo construction is described in Part 6, Chapter 4 of the Bangladesh
National Building Code (BNBC-2014). There are around 10—12 species of
bamboo cultivated in village grows, which include Bambusa tulda, Bam-
busa balcooa, Bambusa vulgaris, Oxytenanthera nigrociliata, Dendrocal-
amus longispathus, and Melocanna baccifera. All three Bambusa species
are widely produced in bamboo plantations and are very common across the
country. Sixteen of these species are suitable for structural applications and
are classified based on their extreme fiber stress in bending. All are classi-
fied as least concern, are data deficient, or have not been classified accord-
ing to IUCN Red List of Endangered Species (IUCN Red List 2016). Table
18 and Table 19 list data on the species of bamboo recommended for struc-
tural purposes (BNBC 2014).
Table 18. Physical and mechanical properties of bamboos (in round form)
(BNBC 2014, Table 6.4.5).
sl Species Properties
No. In Green Condition In Air Dry Conditions
Density Modulus of Modulus of Maximum Density Modulus Modulus of
kg/m3 Rupture Elasticity 103 Compressive kg/m3 of Rupture | Elasticity 103
N/mm2 N/mm2 strength N/mm2 N/mm2 N/mm2
(1) (2) (3) (4) (s) (&) (7) (8 (9)
] Bambusa auriculata 594 65.1 15.01 36.7 670 891 2141
ii) B. balcooa 740 64.2 7.06 386 850 68.3 9.12
iii) B. bambos (Syn.B.atwndinacea) 559 58.3 595 353 663 801 8.96
iv) B. burmanica 570 59.7 1101 399 672 105.0 17.81
v) B. glancescens (Syn.B.nana) 691 828 1477 53.9 — — —
i) B. nutans 603 529 6.62 456 673 524 10.72
wii) B. pallida 731 55.2 1290 54.0 — — —
wiii) B. polymorpha 610 36.5 6.0 314 840 406 5.89
ix) B. tulda 610 532 10.3 395 830 658 11.18
x) B. ventricosa 626 341 3.38 36.1 — — —
i) B. vulgaris 626 415 287 386 — — —
xii) Cephalostachyum pergracile 601 526 11.16 36.7 640 713 19.22
i) Dendrocalamus giganteous 597 17.2 0.61 35.2 — — —
xiv) 0. hamiltonii 515 400 2.49 434 — — —
xv) D. longispathus 711 33.1 5.51 421 684 478 6.06
i) D. membranacaus 551 26.3 2.44 405 664 378 377
i) D. strictus 631 734 1198 359 728 119.1 15.00
wviii) Melocanna baccifera 817 53.2 11.39 53.8 751 57.6 12.93
xix) Oxytenanthera abyssinicia GEE 836 14.96 46.6 — — —
xx) Oxytenanthera nigrociliata 510 40.70 117 25.2 830 51.98 12.85
wxi) Thyrsostachys oliveri 733 61.9 972 46.9 758 90.0 12.15
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Table 19. Safe working stresses of bamboos for structural designing
(BNBC 2014: Table 6.4.6).

Sl Species Extreme Modulus of Allowable
No. Fibre Elasticity Compressive
Stress 10°N/mm? Stress
in N/mm’>
Bending
NJr'mm2
(1) (2) (3} (4) (3)
GROUP A
i) Barnbusa glancescens (syn. 20.7 3.28 15.4
B. nana)
i) Dendrocalamus strictus 18.4 2.66 10.3
i) Owytenanthera abyss inicia 209 3.31 13.3
GROUP B
iv) Bambusa balcooa 16.05 162 133
v) B. pallida 13.8 2.87 15.4
wi) E. nutans 13.2 147 13.0
wii) B. tulda 13.3 177 11.6
wiii) B. auriculata 16.3 3.34 105
ix) B. burmanica 14.9 245 114
x) Cephalostachyum pergraci[e 13.2 2.48 105
xi) Melocanna baccifera (Syn. 13.3 2.53 15.4
M. bambusoides)
xii) Thyrsotachys oliveri 15.5 2.16 13.4
GROUP C
xiii) Bambusa arundinacea {Syn. 14.6 1.32 101
B. bambaos)
xiv) B. polymorpha 9.15 171 897
) B. ventricosa 85 0.75 103
xvi) B. vulgaris 10.4 0.64 11.0
xvii) Dendrocalamus longispathus 8.3 1.22 12.0
xwiii) Oxytenanthera nigrociliata 10.18 26 72

NOTE — The values of stress in h.l,"mrr'2 have been obtained by converting the

values in I-:g'f,,’crr'2 by dividing the same by 10.

Yrhe values given pertain to testing of bamboo in green condition.

5.3.4 Construction material - preservatives

The main purpose of wood preservation is to preserve timber against the
agents of deterioration by improving the natural durability and service life
of wood through treatment in a solution that is toxic to fungi and insects.
The choice of treatment depends on the timber species, the sapwood con-
tent, and the use after treatment (Rabbi et al. 2015).
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According to IS 5539 (1969): there are four types of preservatives that shall
be used for plywood protection, which include:

« Type 1: (Oil Type) Coal tar creosote with or without admixture with
various grades of petroleum or other suitable oils having high boiling
point

« Type 2: (Organic Solvent Type) Copper naphthenate, zinc naphthenate,
pentachlorophenol, benzene hexachloride and dichlorodiphenyltrichlo-
roethane (DDT)

» Type 3: (Water Soluble Non-fixing Type) Zinc chloride, boric acid, bo-
rax, sodium fluoride and sodium pentachlorophenate.

« Type 4: (Water Soluble Fixed Type) Copper-chrome-arsenate (CCA),
acid-copper-chrome (ACC), chromated zinc chloride and copper-
chrome-boric acid (CCB) (IS 5539 [1969]).

The typical treatment in Bangladesh is CCA, which is used for wood, bam-
boo and sungrass. However, the treatment with CCA is being replaced with
CCB due to the low cost, availability, and environmentally conscious na-
ture of the product (Rabbi et al. 2015). Compared to construction in the
United States, CCA has been phased out of residential uses by the Environ-
mental Protection Agency in 2004; however, existing structures are al-
lowed to continue being sold and used. CCB is safe for humans because of
its low toxicity. It also has the advantage of migrating much deeper into
the wood after treatment (Lebow 2007).

5.3.5 Construction material - adhesives

Adhesives for wood construction include synthetic resin, cold setting casein,
animal, and polyvinyl acetate dispersion glue. Standards are listed in BNBC
Chapter 5, section 2.9.4.

According to IS 848 (2006), there are three different classifications for syn-
thetic resins:

« Phenolic synthetic resin — a resin derived from the reaction of phenol
with an aldehyde.

« Aminoplastic synthetic resin — a resin derived from the reaction of
urea, thiourea, melamine or allied compounds or mixtures of these
compounds with formaldehyde.
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« Synthetic resin adhesive — a composition consisting of either phenolic
synthetic resin or aminoplastic synthetic resin including any hardening
agent, fortifier, filler or extender (IS 848 [2006]).

There are also thee different characteristics of types of synthetic resins
which include:

« Boiling Water Proof (BWP), which make joints highly resistant to
weather, cold, boiling water, steam, and dry heat.

« Boiling Water Resistant (BWR), which makes joints that will survive
weather exposure for only a few years. It will also withstand cold water
indefinitely and boiling water for a limited period.

« Moisture Resistant (MR), which makes joints with these adhesives
withstand cold water for a long people and hot water for a limited time.
However, MR fails in boiling water (IS 848 [2006]).

The most common adhesive in Bangladesh is a urea-formaldehyde, due to
its lower cost. The adhesive can be classified as MR, and it is typically used
for creating commercial grade plywood and particle board. The adhesive
has a tendency to emit formaldehyde for a long period of time after pro-
duction. The amount of urea-formaldehyde resin in a laminated product is
much less than a panel board product (Phadke 2013).

The phenol formaldehyde resin is another common type which allows for a
stronger bond compared to urea-based adhesives and is classified as BWR.
It is commonly used to make exterior-grade and marine-grade plywood.
Due to its high cost relative to urea-formaldehyde, extenders are added to
reduce the amount of glue for penetrating veneer layers (Phadke 2013).

Formaldehyde poses potential human health hazards that occur during a
high level of emissions. For plywood, the synthetic resins used contain for-
maldehyde, and so it cannot be considered eco-friendly as would a natural
wood product. However, these emissions are reduced due to reductions
over time and through proper finishing such as paint or laminates, which
may help in making the product safer for use. Currently more eco-friendly
solutions for adhesives are being researched to counter this concern (Scur-
lock at al. 2000).
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5.3.6 Grade

The BNBC lists three different grades of wood for construction: Select
Grade, Grade I, and Grade II. For each grade the wane is limited to 1/8,
1/6, and Y4 of the width, respectively. Worm holes (except for those due to
powder post beetles) are permissible for all grades. The slope of the grain
is less than 1in 20, 1in 15, and 1 in 12, respectively for each grade. Addi-
tionally, loose grains, splits, compression wood in coniferous species,
heartwood rot, sap rot, and crookedness are not permissible for any grade.
Defects in the timber should be oriented during construction in such a
manner that avoids any adverse effects on the member.

Bamboo is graded based on a number of properties including diameter
and length, taper, straightness, inner-nodal length, wall thickness, density
and strength, and durability and seasoning.

5.3.7 Reported quality

There is no wood-based industry in Bangladesh that possesses facilities for
timber seasoning except for a few enterprises and private industries and
therefore, unseasoned timber is being used in almost all instances. A study
of the wood seasoning practices in the wood furniture industry in three
major cities in Bangladesh in 1988 reported that most of the seasoning
practices were of poor quality. According to the results of the study, most
of the industries produced partially dried wood (Table 20).

Table 20. Result of survey of drying practices for seasoning in major cities of
Bangladesh (“Feasibility of a Wood Seasoning Plant” 2005).

Locality No. of Method Range of me reached Seasoning condition
industries Sawn timber  Manufactured

Dhaka 30 Aar drying 25- 50 18-35 Partially dried

2 Kiln drying 6= 22 14-19 Almost seasoned
Chittagong 30 Air drying 30- 60 22-45 Partially dried

4 Kiln drying 15- 20 14 - 20 Almost seasoned
Khulna 30 Air drying 2550 18-24 Partially dried

1 Kiln drying 15«22 14 - 20 Almost seasoned

Although the survey year in the figure is dated, over the years the condi-
tion of seasoning practice has not improved and has most likely worsened.
Therefore, determining the moisture content of sawn and manufactured
timber within Bangladesh is a necessary step in order to evaluate the con-
dition of the material (“Feasibility of a Wood Seasoning Plant” 2005). If
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5.4

left untreated, the wood is susceptible to termites, ants, and other wood-
damaging insects (Porter 1991).

Most of sawmilling industries in Bangladesh operate at a primitive level
compared to modern technology. In the sawmill industry, sawn materials
are rough and vary in dimension across each board (Islam et al. 2013).

The useful life of bamboo in construction is very short, and it is typically
replaced in a few years after application. This may be improved through
better construction details and/or chemical preservations. However, pre-
servatives are toxic, and one of the largest hurdles in preservation is avoid-
ing health and environmental risks (Stulz and Wehrle 1992). Due to the
scarcity of bamboo for use of low-income households, inferior quality
bamboo is typically used, which results in more frequent maintenance and
a hazard for those living in the homes.

5.3.8 Uses

Timber in Bangladesh is typically used on second stories or in buildings
raised above the ground because the material may be susceptible to rotting.
It is used for walling, roofing, doors, window frames, and shutters (Stouter
2008). Bamboo can be used as a substitute for timber in many applications.
In fact, 90% of the bamboo harvest is used for structural support of houses
or partitions and walls (de Vries 2002).

Production factors
541 Raw materials

Of the forestry in Bangladesh, 84% is natural forest while 16% is on planta-
tions. Plantations are managed agricultural land where timber is cultivated,
whereas natural forests consist of trees that grow without human interac-
tion. The natural forests of Bangladesh are mostly in Chittagong and the
Chittagong Hill Tracts (CHT), Cox’s Bazar, Sylhet, Mymensingh, and Pan-
chagar.

Within forestry there are a number of categories of forests, such as village,
tropical moist-deciduous, tropical evergreen and semi-evergreen, man-
grove forest, and community forests. Forests in Bangladesh can be divided
according to Figure 49.
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Figure 49. Forest cover percentage (Altrell et al. 2007).
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The Sundarbans, which is located in the southwest region of Bangladesh,
composes the largest single-tract mangrove forest in the world. It covers
an area of 577,000 hectares (401.6K land, and 175.6K water bodies). Addi-
tionally, tropical evergreen and semi-evergreen forests cover the southern
and eastern parts of the country. A small portion of forestland is located in
the central and northern districts, yet it is more vulnerable to conversion
to nonforestry uses and urbanization due to its close vicinity with Dhaka.

Overall, the forest land cover has been increasing each year; current esti-
mates for forest are 6%—18% of land mass. The country does not have a
well maintained database on the forestry and so there is uncertainty in this
estimate (Rahman 2012).

The total supply of Bamboo in Bangladesh is around 722 million culms,
which is around 194 million culms of public forests and 528 million culms
of village forests (Govil 2000).

542 Imports and exports

Bangladesh is heavily dependent on imports of forest and forest products
to meet demand (Govil 2000). The largest source of imports was originally
Myanmar, which had met up to 70% of timber demands. However, the
Ministry of Environmental and Conservation and Forestry in Myanmar
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imposed an export ban on timber in effect from 01 April 2014. The forest
had been shrinking (from 57.9% in 1990 to 47.6% in 2005), which led to
the decision for this ban. The price had increased by around 0.38-0.64
cents per cubic foot due to travel distance (Choudhury 2016).

Bangladesh mostly imports wood construction materials rather than ex-
ports. The value of imported and exported product is shown in Table 21.
The yearly total is estimated at $28 million in FY2013. The current largest
source of import is Nigeria, which represents 26% of the value and is the
leading source of densified wood. Nigeria is followed by Malaysia, the larg-
est source of particle board; India, the largest source of veneer sheets;
Canada, the largest source of sawn wood; and the United States. Bangla-
desh exports mostly particle board and sawn wood, which together com-
pose 90% of the total wood construction exports (Simoes 2013).

Table 21. Imports and exports of wood products in FY 2013
(Simoes and Hidalgo 2011).

Imports and Exports of Wood Product hd
Country ~ | Carpentry Wood Densified Wood Particle Board Plywood Rough Wood Sawn Wood Veneer Sheets Wood Fiberboard Grand Total
Export $ 11,200 § - § 112500 § 11,990 % - % 116000 $ -8 3,400 § 255,090
Africa $ - 5 $ - s - 5 $ 116,000 $ $ $ 116,000
Nigeria s -5 s - 5 -5 $ 116000 $ s - § 116,000
Asia $ 1,200 $ $ 112,500 $ 3,330 § $ - $ $ 3,400 $ 130,430
China $ -8 $ - $ 333 3 3 $ -8 3,330
India $ 11,200 $ $ 21,300 $ -8 $ $ $ $ 32,500
Malaysia $ - S $ 91,200 $ S 3 3 $ - $ 91,200
Slovakia 3 5 3 - 3 - 5 5 5 3 3,400 S 3,400
Europe $ 5 $ S 8660 $ $ $ $ -8 8,660
France 3 - 3 - 3 - 3 8,660 S - s - s - 3 - 3 8,660
Import $ 1,060,700 § 6,874,350 $ 1,297,500 52,812,000 % 2,982,470 $5474,280 $ 1,510,100 $ 6,178,690 $28,190,090
Africa $ 15400 § 6,520,000 $ -8 - $2199,000 $ 103,600 % -8 - § 8,838,000
Cote D'lvaire $ -8 -8 $ $ 1,300,000 % $ $ $ 1,300,000
Ghana $ - $ $ $ - 3 87400 3 $ $ 87,400
Mauritius 3 15,400 $ - 3 3 5 - 5 5 3 3 15,400
Nigeria $ - $ 652000 $ s $ 899,000 3 3 $ $ 7,419,000
Republic of the Congo 8 - 3 - 8 - 3 - 3 - $ 16200 S - 8 - 8 16,200
Asia $ 635,900 $ 231,350 $ 1,257,600 $2,787,840 $ $1,186,230 $ 1,094,900 $ 6,178,690 $13,372,510
China $ 238,000 $ -8 58,600 $2,351,900 $ $ 21,200 § 123,000 § 1,666,950 S 4,459,650
India $ 14,700 $ 228,000 $ - $ 25100 $ S $ 857,000 $ - $ 1,124,800
Indonesia $ 105,000 $ -8 - $ 10400 % $1,140,000 % -8 - $ 1,255,400
Malaysia $ 132,000 $ 3,350 $ 1,180,000 §$ 289,000 $ $ 23300 $ -8 3,980,000 $ 5,607,650
Pakistan s -5 - 8 - 5 -5 3 - 8 13,900 $ - § 13,900
Singapore $ -8 $ $ 103,000 $ 3 3 - 8 54,200 § 157,200
South Korea $ 48,600 $ $ S - $ $ $ $ - $ 48,600
Sri Lanka $ -8 $ - $ 8440 $ 3 -8 $ 2,340 $ 10,780
Thailand $ 97,600 $ $ 19,000 $ -8 $ 1730 $ -8 400,000 $ 518,330
Vietnam $ - -8 -8 - % -3 - % 104,000 & 75,200 $ 176,200
Europe $ 30,400 § 123,000 $ 39,900 § 7,460 $ 183,470 $ 541,950 $ 104,200 $ - § 1,030,280
Denmark 3 - 5 - 3 - 5 - 5 - S 82,700 S - 3 3 82,700
Germany $ $ - 8 - 8 - $ 124000 3 368,000 S 21,500 $ $ 513,500
Italy ] S 123,000 $ 39,900 $ 7460 § 42,400 § - 3 82,600 S § 295,360
Poland $ $ -8 -8 -8 - % 83600 % -8 $ 83,600
Spain s -5 s s $ 10,600 S - 8 s s 10,600
Sweden $ 30,400 $ $ s $ - 3 - 8 $ $ 30,400
Switzerland $ - $ $ S - $ 6470 S 7650 S - $ $ 14,120
North America $ $ $ § 3,000 5 584,400 $3,552000 $ 311,100 § $ 4,450,500
Canada $ $ $ $ - $ 21,500 $2,570,000 % 26,100 $ $ 2,617,600
Costa Rica $ $ $ s - % 24900 3 -8 -8 $ 24,900
United States $ -3 $ $ 3000 $ 533000 $ 982,000 $ 285000 $ $ 1,808,000
Oceania $ 379,000 § $ $ 13,700 % - % 980500 $ -8 $ 483,200
Australia $ 379,000 § $ $ 13,700 § 3 -5 $ $ 392,700
MNew Zealand 3 - 5 3 ] - 5 - $ 90,500 5 3 3 90,500
South America $ 5 $ $ $ 15600 % - 5 $ $ 15,600
Argentina $ S $ S S 1,400 S s $ $ 1,400
Ecuador 3 5 3 3 5 14,200 5 5 3 3 14,200
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543 Production process

Logs are converted to sawed lumber through debarking, which occurs
when the log enters a sawmill on a conveyor. A headsaw, or the first saw, is
used to remove slabs and some boards. One of three different types of saws
are used: a band saw, a frame (gang) saw, or a circular saw. A band saw is
composed of a continuous band of steel with teeth on a single edge which
moves around two wheels. Frame saws consist of a reciprocating frame
where saw blades are parallel to each other at a predetermined distance. A
circular saw has a circular blade with teeth in the periphery and is
mounted on a shaft.

The second sawing process re-saws the thick boards into smaller-size
boards. Edging, or the removal of the edge areas of bark or parts of miss-
ing wood and is typically done by a set of circular blades. Lastly, crosscut-
ting is performed to square the ends and remove defects.

The wood is then graded based on strength and appearance. The rest is
scrapped to produce sawdust, slabs, trimmings or chips, or typically is
burned to produce energy.16

Raw timber contains a high moisture content, ranging from 50% to 80% in
its dry weight. Wood in Bangladesh is dried to a level that is in equilibrium
with atmospheric temperature and humidity. The average equilibrium
moisture content is 12%—14% in Bangladesh. The moisture content must
not be more than 14% for interior use and not more than 18% for exterior
uses according to IS-5539 (1969).

Wood is seasoned before being manufactured to improve its mechanical
and physical properties, dimensional stability, finishing, polishing, paint-
ing, and gluing capacity. Seasoning helps to avoid deterioration from fun-
gus and insects, and it thus enhances the life of the product. There are
three common methods used in seasoning: air drying, kiln drying, and so-
lar drying.

16 Encyclopedia Britannica. Online edition, s.v. “Wood”. Accessed 15 January 2016. http://www.britan-
nica.com/science/wood-plant-tissue.
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5.4.3.1 Air drying

Air drying is seasoning wood through exposure to direct sunlight or under-
neath a shed, following proper stacking. According to the Technical Speci-
fications for Buildings Section 2.10 (2005), the recommended width and
height of a stack is 1.5 m and 2.0 m, respectively, while the minimum dis-
tance between stacks is 0.8 m. The air-drying method relies on natural
flow of air, sunshine, and rain. The method is the most simple and inex-
pensive, yet it requires a long time and takes up a larger volume of space
compared to other drying methods.

5.4.3.2 Kiln drying

Kiln drying is seasoning of timber through an enclosed chamber, with full
control of drying elements (heating, humidification, air circulation, and
ventilation). The timber can be dried to a lower level of moisture content
in any time of year. Commercial timbers throughout the world are sea-
soned through this method; kiln drying is efficient, but expensive and
complex to install and operate. When improperly seasoned, there may be
defects or complete damage of the timber. There are 55 conventional sea-
soning kilns in 20 organizations in Bangladesh, with a total capacity of
around 0.71 million cubic feet per year; however, these kilns are not fully
utilized due to lack of technical knowledge, improper maintenance, and
other factors, so some are not in operation.

5.4.3.3 Solar drying

Solar drying is drying of timber in a fully enclosed structure which derives
energy from solar radiation with assistance from a heat absorber. The so-
lar radiation is transmitted through a glazing material, which traps radia-
tion inside the kiln to be used as heat energy to season the wood. Public
and private companies in Bangladesh constructed 22 solar kilns with a to-
tal capacity of 36,000 cubic feet per year; however, most are out of opera-
tion because they have reached the end of their 10-year life and were not
reconstructed (“Feasibility of a Wood Seasoning Plant” 2005). Upon dry-
ing, the wood is then treated.

5.4.3.4 Treatment by pressure impregnation after manufacture

This method is widely used in Bangladesh, as well as the rest of the world,
because it is the most permanent manner of preserving timber life. The
method is most suitable for large-scale production, since the equipment
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and energy costs are the largest disadvantages of the method. Different
process types include full cell, fluctuation pressure, Boucherie, and high-
pressure sap displacement (Rabbi et al. 2015).

Through the process, the timber is placed in a pressure cylinder where it is
stacked vertically or horizontally with spacers or grills between the sheets.
After creating a vacuum, the preservative is introduced and absorbed by
the wood. For plywood, because of the partial permeability of the veneer
and glue lines, plywood can be penetrated from the ends of the veneer.
This penetration varies based on the permeability of the timber used in the
veneer and shall be such that the structure of the wood is not damaged.

5.4.3.5 Treatment by soaking or surface application of preservative after
manufacture

This method is very simple and can be performed by anyone. Surface ap-
plications are completed by using a brush or spray, or through dipping in
preservative solution for a short period; at least two coats are applied.
Soaking applications are long, with people submerging of plywood until
required absorption is obtained. Through the method of hot and cold dip-
ping, the wood is first placed into a hot solution until cooled, and then it is
placed in a cold solution of the same preservative.

5.4.3.6 Treatment of dry or wet veneers before assembly

If timber used in plywood is noncompliant to treatment, treatment is diffi-
cult after manufacture. The veneers themselves can be almost fully pene-
trated with preservatives and may be treated through soaking and diffu-
sion for wet veneers. The adhesive used must be compatible with the
preservative treatment through this method.

Other methods of preservation in Bangladesh include charring, applying
preservatives in bored holes, diffusion processes, and sap displacement.

5.4.3.7 Treatment of bamboo

In Bangladesh, bamboo is treated by submerging it in water with a small
amount of borax for 21 days, after which it is dried in the shade for seven
days to resist termite infection, and then, the bamboo is given a smoke
treatment. Rapid drying in the open sun is another method that can con-
trol decay due to fungal and insect attack. After the project is completed, a
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layer of varnish is applied to allow for further longevity. The bamboo can
usually last if there is no rain or other effects from water (Stouter 2008).

54.4 Power

Sawmills are usually driven by a 15kW electric motor, however this can
range from 11.25 kW—-18.75 kW, using either V-belt or flat-belt drive.
Sawmill units operate on a part-time basis, with production being reduced
through nonavailability of logs, power failures, mechanical breakdowns,
and saw sharpening in situ (Islam et al. 2013).
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6.1

Steel

Steel is the most widely used building material and has other practical uses
in many industries. Steel is a popular material because of its relatively low
cost of production, formation, and processing; the abundance of iron ore
and scrap metal; and its range of mechanical properties. Steel is a metal al-
loy of iron and carbon which has a carbon content from 0%—-2%. The car-
bon content, heat treatment, and added alloy elements determine the
properties of the material. There are many options for microstructure,
shape, and surface finishes available for steel as a product. There are sev-
eral thousand steel grades which are standardized, registered, or published
globally. Steel is formed into either flat or long products, which are either
hot-rolled, cold-rolled, or coated on the surface. Flat products are plates,
strip, and sheets while long products are made of either blooms or bil-
lets.17

Steel is considered to be a sustainable material. It can be recycled many
times without incurring the effects of degradation in properties or perfor-
mance. There is little-to-no waste during steel production. Byproducts in-
clude blast furnace slag cement and gas. The increased use of steel scrap in
production creates less dependence on the raw materials, iron ore and
coal. Over 80% of steel beams are composed of scrap steel. Compared to
concrete, steel has a high strength-to-weight ratio, which allows for
smaller foundations in steel-framed buildings. Steel is also a viable solu-
tion for long span structures, which offers more flexibility for change dur-
ing a building’s life (Islam et al. 2016).

Industry
6.1.1 Global scenario

World steel production in 2013 was around 1.6 billion tons. Globally, the
most steel is produced and used in China. Specifically, carbon steel is the
most produced and used product, and it represents around 90% of world
steel production.18 There is a significant and continued growth worldwide
of the construction industry which prevents demand for steel to be met

17 Britannica Academia, Online ed., s.v., “Steel.” Accessed 15 January 2016. http://www.britan-
nica.com/technology/steel.
18 ibid.
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solely by recycling of end-of-life products and so, virgin iron is necessary
to convert into steel.

6.1.2 Background

The first steel mill in the land of Bangladesh was established in 1952 by the
Bangladesh Steel Re-Rolling Mills (commonly known as BSRM) in
Nasirabad, Chittagong, much before the country gained its independence
in 1971. Since then, the Bangladesh steel industry has emerged as one of
the major industrial sectors in the country and consists of small- to large-
scale steel factories around the country. The revolution and development
in the steel industry occurred in the 1990s, when building construction
agencies or developer companies strived to build modern infrastructure.

Currently, the average growth rate of the steel industry has been 6%,
however this number is expected to grow to 10% over the next few years.
The construction industry as a whole has a calculated average growth rate
(CAGR) of 12.2% (Hasan 2013).

6.1.3 Producers

There are more than 400 steel mills of different categories and sizes oper-
ating within the country. Most of the plants are manual while only 30 mills
are automated. The yearly production of a typical, medium-sized plant is
estimated to be 0.0112 million MTPA for scrap melting and 0.016 million
MTPA for rerolling.19

The top 10 companies and their installed capacities are shown in Figure
50. The figure was formed from a collection of capacities of steel compa-
nies from a variety of data sources within the material database. These
data sources are included within the database itself. Abdul Khair Steel Ltd.
(AKS) is currently the highest-producing steel company. The top three
companies—AKS, BSRM, and KSRM—together produce 2.2 million MTPA
(compared to the demand of 3.5—4 million MTPA).

19 Britannica Academia, Online ed., s.v., “Steel.” Accessed 15 January 2016. http://www.britan-
nica.com/technology/steel.
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Figure 50. Capacity of prominent steel producers in Bangladesh, FY2015
(ERDC-CERL, 2016).20
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There are a number of challenges in the growth of the steel industry, as
listed here:

« Competitive market: newly invested companies have started operation
while existing companies are expanding on existing capacity, making it
difficult to newcomers.

« Economic crunch: 2008 recession, socio-political situation, and 2011
stock market crash have stagnated development works in the real es-
tate sector, causing the supply to outpace demand.

» High borrowing cost and exchange rate risk: high interest rate of
banks and financial institutions contributes to reduced profit margins
of steel-producing companies.

20 Capacity data is limited to companies with published production data.
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« Energy crisis: steelmaking has exhaustive power requirements, needs
a constant power supply, and requires gas production; lack of energy
resources slows down growth of industry.

« Technology risk: many still use manual production methods, mills can-
not compete with automated factories in terms of cost, efficiency, and
production volume.

« Environmental risk: Bangladesh possesses no iron ore deposits or
mines, therefore ship scrapping is a major source of raw materials.
However environmental standards for ship breakers (2011 Ship Break-
ing and Recycling Rules act) has caused this component of the industry
to come to a halt with high demand (Hasan 2013).

6.1.4 Consumers

Bangladesh consumes 4 million MTPA of steel. The per capita consump-
tion in Bangladesh is 25 kg, which is less than the neighboring country of
India (55 kg). Compared to the world per capita average of 206 kg, this
quantity is relatively small. The government accounts for close to 40% of
steel consumption. Other domestic consumers of steel products include
but are not limited to contractors, property developers, export processing
zones, road and bridge construction companies, and shipbuilding compa-
nies. The supply of steel tends to be larger than the demand (Hasan 2013).

6.1.5 Locations of construction material

The locations of steel mills and corporate offices are shown in Figure 51
and Figure 52. Factories of steel and rerolling mills are mostly located in
the Dhaka and Chittagong regions.

In Dhaka, mills are mostly located in Narayangaj in the south and are
along major roads and riverways. Corporate offices are located in the city
center of Dhaka. Steel demand in the capital city necessitates having a
supply centered around the core construction area, where high steel
demand exists. Areas of activity include Demra, Shampur, Matuail,
Gazipur, Rupganj and Modonganj (Hasan 2013). Locations of steel sites
within the Dhaka region can be found in Figure 53 and Figure 54.

In Chittagong, mills are spatially close to the shipbreaking industry and
are almost entirely located along the coast of the Bay of Bengal. Corporate
offices are located in the city center of Chittagong. Regions of major steel
activity include Bhaitari, Fousdarhat, Kumira, Baizid Bostami, and
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Nasirabad (Hasan 2013). Locations of steel sites within the Chittagong
region can be found in Figure 55 and Figure 56.

Because of the connectivity between Dhaka and Chittagong, a number of
mills and offices are located along the Dhaka-Chittagong highway, which
makes the transportation of the metal economically feasible.

With regard to general steel shapes and rebar, there is a large overlap be-
tween the centers of activity of the two products. Rebar is more highly pro-
duced, and so there are generally more steel mills producing the product
than steel shapes, because reinforced concrete is a more common con-
struction material for the country.

Figure 51. Locations of steel shapes in Bangladesh [green: office, orange: plant]
(Google Maps, 2016).
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Figure 52. Locations of steel rebar in Bangladesh [green: office, orange: plant]
(Google Maps, 2016).

Figure 53. Locations of steel shapes in Dhaka, Bangladesh [green: office, orange:
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Figure 54. Locations of steel rebar in Dhaka, Bangladesh [green: office, orange:
plant] (Google Maps, 2016).
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Figure 55. Locations of steel shapes in Chittagong, Bangladesh [green: office,
orange: plant, blue: deposit] (Google Maps, 2016).
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Figure 56. Locations of steel rebar in Chittagong, Bangladesh [green: office, orange:
plant, blue: deposit] (Google Maps, 2016).
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6.1.6 Construction material industry in India

The Indian steel sector is around a century old and is important to the
economy in India due to the rising demand in infrastructure and other
markets. The steel industry is divided into two sectors: the primary sector,
which is composed of a few large integrated steel producers, and the
secondary sector, which includes small units focused on production of
value-added products.21 The country is the fourth-largest producer of
crude steel and the largest producer of soft iron in the world (“Steel
Industry of India” 2016).

The top 11 companies in east and northeast India and their installed
capacities are shown in Figure 57. The figure was formed from a collection
of capacities of steel companies from a variety of data sources within the
material database. These data sources are included within the database
itself.

21 Value-added products are those where the physical state of a product is altered to produce a new prod-
uct. Integrated steel producers refer to mills which use iron ore as a basic material to produce crude
steel, which becomes rolled steel.
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The largest current steel producer in east India is the Steel Authority of
India, Ltd. (SAIL), which has locations in West Bengal, Odissa, Assam, and
Chhattisgarh and is part of the public sector. All other companies in East
India are in the private sector. The second largest is Tata Iron and Steel
Co. Ltd. These two companies comprise the majority of the steel industry
in the region. There are also a number of smaller-sized plants with very
small capacity (less than 2 million MTPA) This data is expected to change
over the coming years, with many larger companies currently expanding
into east India for steel production.

Figure 57. Capacity of prominent steel producers in east India, FY2015
(ERDC-CERL, 2016).22
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Similar to Bangladesh, raw materials for steel in India originate from a
shipbreaking yard, which located on the western side of the country.
Unlike Bangladesh, India possesses the additional resource of iron ore
deposits for steel production, particularly in the region of Odissa. Many of
the steel mills are located closer to the Bay of Bengal and Odissa. An
overview of the locations of steel in India is shown in Figure 58 and Figure
59. There are very few mills in northeast India because of the limited
access to raw materials. Also, similar to Bangladesh, there is overlap
between the locations of steel shapes and rebar, with many plants
producing both products. Centers of activity include Durgapur, Asanol,

22 Capacity data is limited to companies with published production data.
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Durg, Raipur, Raigarh, Jharsuguda, Rourkela, and Kolkata, which are
shown in Figure 60, Figure 61, Figure 62, and Figure 63.

Figure 58. Locations of steel shapes in India [green: office, orange: plant]

(Google Maps, 2016).
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Figure 60. Locations of steel (Durgapur and Asanol, West Bengal, east India) [orange:
plant] (Google Maps, 2016).
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Figure 62.
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Figure 63. Locations of steel (Kolkata; West Bengal E. India) [green
plant] (Google Maps, 2016).

Locations of steel (Raigarh, Jharsuguda, Rourkela; Chhattisgarh, Orissa; E.
India) [green: office, orange: plant] (Google Maps, 2016).
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6.2 Product
6.2.1 Codes, standards, and methods

The construction sector in Bangladesh follows the international standard
of steel construction in order to maintain a quality product with respect to
other developed countries. Steel design is provided in Part 6, Chapter 10 of
BNBC-2014 code. According to the code, steel material from an acceptable
testing laboratory shall conform to ASTM standards, based on the applica-
bility. A selection of these standards are shown below for specific prod-
ucts.23

« Hot-rolled structural shapes: ASTM A36/A36M, ASTM A529/ A529M,
ASTM As72/A572M, ASTM A588/A588M, ASTM A709/ A709M,
ASTM A913/A913M, ASTM A992/ Agg2M

« Structural tubing: ASTM A500, ASTM A501, ASTM A618, ASTM A847,
BDS 1031:2006

« Pipe: ASTM A53/A53M, Gr. B, BDS 1031:2006

« Plates: ASTM A36/A36M, ASTM A242/A242M, ASTM A283/ A283M,
ASTM As14/A514M, ASTM A529/A529M, ASTM As572/ A572M, ASTM
A588/A588M, ASTM A709/A709M, ASTM A852/A852M, ASTM
A1011/A1011M, BDS 1122:1987 Reaffirmed 2007

« Bars: ASTM A36/A36M, ASTM A529/A520M, ASTM A572/A572M,
ASTM A709/A709M, BDS ISO 6935-1:2006, BDS ISO 6935-2:2006

« Sheets: ASTM A606, A1011/A1011M SS, HSLAS, AND HSLAS-F, BDS
1122:1987 Reaffirmed 2007

Nominal dimensions for structural steel sections are provided by the BIS
and can be found in the SP 6-1 (1964): ISI Handbook for Structural Engi-
neers — Part-1 Structural Steel Sections (BNBC 2014).

6.2.2 Construction material

There are a number of different types of steel products manufactured in
Bangladesh, as listed below:

6.2.2.1 Semi-finished casting products

« Billet

23 “All Standards & Publications,” ASTM International. Accessed June 21, 2016.
http://www.astm.org/Standard/index.html.
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« Bloom
« Slab
+ Ingot

6.2.2.2 Finished casting products

«  Wide-flange shape (W)
« American standard beam (S)
« American standard channel (C)

« Angle (L)

o Structural tee (WT or ST)
» Pipe

» Tubing

 Bar

« Plate

Additionally, a new product called a thermo-mechanically treated (TMT)
bar is starting to be used in construction. This product provides produc-
tion advantages compared to traditional types of steel, since no twisting
operation is involved in production, resulting in no residual stresses and
increased corrosion resistance (Hasan 2013).

6.2.3 Grade

There are three main grades of deformed bar produced in Bangladesh,
which include Grades 40, 60, and 500 steel: 40 grade yields at 40 ksi
strength, 60 grade yields at 60 ksi strength, and 500W yields at 500 MPa
strength (72.5 ksi) (Hasan 2013). Some companies in the country produce
550W grade bars, which have a yield strength of 80 ksi.

6.2.4 Quality standards

The quality of good steel is determined based on the chemical composi-

tion, cleanliness and gas content. The quality is ranked according to the

following carbon level, which is tested using an ultrasonic thickness ma-
chine (UTM). This quality spectrum is shown in Table 22.
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Table 22. Quality of steel based on carbon level (Hasan 2013).

Carbon Equivalent (CE) Weldability
0to0.35 Excellent
0.36-0.40 Very Good
0.41-0.45 Good
0.46-0.50 Fair
Ower 0.50 Poor
Source: 3eminar on Quality Steel and ks Importance in Civil Engineering

Applications, BSRM

According to the BNBC, materials produced by the fabricator shall be of
quality that is at least equal to that of the ASTM specifications. The mate-
rial test reports shall be accepted as sufficient record of quality of materi-
als taken from stock by the fabricator. Materials that are produced under
no particular specification or a less rigorous specification shall not be used
without approval of owner’s structural design representative.

6.2.5 Uses

Steel is used for a variety of structural purposes in Bangladesh, including
framing, beams, girders, columns, footings, trusses, arches, and domes.

6.2.5.1 Connections

There are four types of steel connections or joints used globally, which
include pins, rivets, bolts, and welds. Pins are classified as smooth large-
diameter fasteners without a thread. These are not very common in
Bangladesh. Rivets are permanent mechanical fasteners. This technique
was used extensively in the past; however, it has been replaced by welds
and bolts. Bolts are a connection suitable for almost any type of section
and are very commonly used in Bangladesh. Welding is used to join two
metal sections through heating and/or pressure application. This
connection is commonly used in Bangladesh (Islam et al. 2016).

6.2.5.2 Structural systems

Steel as a material is used in four major construction activities including
the foundation, columns, beams, and slabs of a building structure. As part
of a study on several structural systems for buildings in Bangladesh, the
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reported construction and material costs allow for conclusions to be made
on each system. These costs are shown in Figure 64 and Figure 65.

It was observed that for a steel-framed building with a composite floor and
a steel-framed building with a precast floor, the maximum material cost is
associated with the beams and slabs, and the maximum construction cost
is associated with post-tensioned beam erection. For precast frame with
precast concrete floor structures, the maximum material cost is associated
with beams and slabs, and the maximum construction cost is in erection of
slab panels (Islam et al. 2016).

Figure 64. Material cost of a building in Bangladesh (Islam et al. 2016).
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Figure 65. Construction cost of a building in Bangladesh (Islam et al. 2016).
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6.3

When comparing structural system costs, a precast frame with precast
concrete floor has around 23.1% savings, compared with a steel frame with
a composite deck. A steel frame with precast concrete floor has around
0.52% savings compared with a steel frame with composite deck floor. A
precast concrete frame with a precast concrete floor has 22.7% savings
compared to a steel frame with precast concrete floor. With large span
post-tensioned composite steel beams, the project cost increases by 11%.
The cost of foundations and columns is relativity small in comparison with
beams and slabs. The cost of steel building is higher than concrete because
of the higher cost of the material (Islam et al. 2016).

Production factors
6.3.1 Imports and exports

Exports of steel products are shown in Table 23. Bangladesh exports prod-
uct almost entirely to Asian countries. They export mostly cold-rolled iron
product, where Indonesia receives around 60% of the exports, followed by
India with 34% of the product. The largest recipient of scrap iron is India,
which receives almost all of the raw material (99%). Bangladesh exports a
relatively small amount of flat-rolled iron. Sri Lanka receives the largest
amount of flat-rolled iron product or 56% of export.

Table 23. Exports of iron products, FY 2013 (Simoes 2013).

Exports Product -
Country IT| Cold-Rolled Iron Scrap Iron Flat-Rolled Iron Grand Total
= Export $ 18,360,000 $10,064,830 $ 1,202,500 $29,717,330
- Asia $ 18,360,000 $10,033,930 $ 1,202,500 % 29,686,430
Indonesia $ 11,000,000 & $ - $ 11,000,000
India S 5 9,930,000 5 60,500 S 9,990,500
Singapore S 6,220,000 S 58,500 S - S 6,278,500
Sri Lanka S S S 731,000 $ 731,000
Cambodia S 711,000 S S - S 711,000
Ghana S S S 385,000 S 385,000
Malaysia 5 288,000 S 3 - $ 288,000
Thailand S 141,000 S S - S 141,000
Malawi S - S S 116,000 $ 116,000
Japan 5 $ 42300 § - % 42,300
Pakistan S S 3,130 S - S 3,130
=IEurope 5 5 30,900 5 - 5 30,900
Metherlands 5 5 30,900 S - 5 30,500
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Imports of steel products are shown in Table 24. Bangladesh imports a
wide variety of iron products from across the globe. The largest source of
iron product imports is Japan, followed by India and South Korea. The
largest imported product is semi-finished iron, which is imported mostly
from India, followed by Russia and the Ukraine. The second-largest im-
ported product is hot-rolled iron, which comes from Japan, India, and
South Korea. Following closely behind hot-rolled iron is flat-rolled iron as
the third-largest imported product, which originates mostly from Japan,
China, and South Korea.
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Table 24. Imports of iron products, FY 2013 (Simoes 2013).

Imports Product hd
Country T/ Cold-Rolled Iron Hot-Rolled Iron Scrap lron
= Import 5 19,616,920 % 354,486,200 % 113,655,000
= Africa s s - $ 1,035,000
South Africa s 5 - 5 477,000
Egypt 5 $ - % 558,000
Tanzania S - S - ] -
= Asia 5 4,265,020 5 338,670,300 5 8,789,000
Japan 5 2,820,000 S 188,000,000 S -
India 3 3,020 § 65,900,000 S 136,000
South Korea S 630,000 § 77,420,300 S
China S 575,000 $ 1,653,000 S
Turkey S S - ]
Malaysia S S 177,000 S
Vietnam 3 $ 1,060,000 S -
Thailand 3 - 3 - % 3,950,000
Singapore s 237,000 5 - S 4,190,000
Indonesia s $ 4,460,000 5 -
Phillippines S S - ] 499,000
Sri Lanka S 5 -8
Jordan s - s - s 14,000
=/Europe s 2,421,900 $ 11,365,000 5 63,043,000
Russia S - 5 - $ .
Ukraine S $ - S
United Kingdom S - S - $ 38,500,000
Belgium-Luxembourg S 1,770,000 S 4,882,700 S 2,420,000
MNetherlands 5 4,580,000 S 1,440,000 5 4,400,000
Sweden 3 972,000 5 2,960,000 S 6,680,000
Germany S 83,500 $ 444,000 5 2,470,000
Bosnia and Herzegovina 5 - 5 - 5 -
italy g 905,000 % 1,020,000 S
Poland 5 5 - $ 3,010,000
France 5 5 179,000 5 381,000
Estonia 3 3 - 3 2,020,000
Latvia ] s - $ 1,820,000
Spain S 98,500 $ 385,000 S -
Finland g 12,900 S - % 404,000
Ireland S S - ] 644,000
Czech Republic 3 ] - ] -
Denmark 3 3 - 3 294,000
Slovakia 3 3 - 3
Greece S S - ]
Austria S S 55,200 S
Switzerland 3 - 3 - 3 -
=IMorth America ] 6,030,000 § 4,450,000 % 36,170,000
Canada s 4,430,000 5 2,730,000 5 9,070,000
United States S 2,500,000 S 1,720,000 S 27,100,000
Mexico S S - ] -
= Oceania s ] - $ 2,978,000
Australia 3 3 - $ 2,130,000
New Zealand S S - 3 248,000
=ISouth America ) $ - $ 1,640,000
Brazil S S - $ 1,640,000

6.3.2 Technology

Semi-Finished Iron
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411,524,090

248,482,680
15,562,600
115,221,000
48,540,000
2,224,080
56,400,000
10,400,000

135,000

132,127,010
65,800,000
61,200,000

21,600

86,200
9,210

5,010,000

30,914,400
30,900,000
14,400

Flat-Rolled Iron Grand Total

$ 342,448,490
$ 2,491,600
2,480,000

11,600
235,616,900
100,039,800

7,682,800
48,275,000
65,830,000

19,200

4,012,500

6,146,000

2,418,000

1,170,300

23,300

47,575,200
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$ 1,104,800
$ 25,530,000
$ 7,047,000
$§ 2,858,450
$ 4,874,000
s -
$ 2,805,800
$ 32,100
$ 1,808,400
3 -
$
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438,000
383,000

475,000

115,000
91,800

11,940
56,749,600
41,854,100
14,834,000

61,500

15,100

15,100

$1,241,720,700
) 3,526,600
] 2,957,000
] 558,000
] 11,600
$ 835,823,900
S 306,422,400
$ 188,942,820
$ 174,865,300
$ 70,282,080
$ 56,419,200
$ 14,589,500
s 7,206,000
3 6,368,000
$ 5,732,300
$ 4,460,000
5 499,000
] 23,300
s 14,000
$ 262,523,100
$ 65,800,000
$ 61,200,000
$ 39,626,400
S 34,602,700
$ 17,553,200
$ 13,479,660
] 7,871,500
$ 5,010,000
$ 4,730,800
] 3,042,100
s 2,368,400
3 2,020,000
s 1,820,000
] 921,500
5 799,900
] 644,000
s 475,000
3 294,000
s 115,000
5 91,800
S 55,200
s 11,940
$ 135,214,000
$ 88,984,100
$ 46,168,400
5 61,500
5 2,993,100
s 2,145,100
S 248,000
$ 1,640,000
] 1,640,000

There are two major processes in steel production: the conventional pro-
cess and the alternative process. The method of production depends on the
type of raw materials that are used.
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6.3.2.1 Conventional process

The conventional process accounts for 65% of world steel production and
is used to produce steel from iron ore. Production from iron ore requires
7,400 MJ of energy. There are three steps in production, as listed below:

1. The blast iron furnace is set to the proper temperature and contain-
ment measures.

2. Iron ore is placed in the furnace and melted at around 1700 °C, which
melts the scrap, lowers the carbon content, and removes unwanted
chemical elements. Pure oxygen is used instead of air.

3. Molten iron is processed through a variety of means to produce steel.

6.3.2.2 Alternative process

The alternative process accounts for 35% of world steel production and is
used to produce steel from scrap metals. Plants using this method are
known as mini steel plants. The method is typically used in countries with
low-cost labor, such as Bangladesh, India, and Indonesia (Kusumaning-
dyah et al. 2013). Production from scrap-iron metal needs 1,350 MJ of en-
ergy, which makes it a much less energy-intensive option than the conven-
tional process.

Scrap metals are melted, and impurities are removed either through a di-
rect reduced iron or sponge iron, and the metal is cast into desired shapes.
This method involves the use of an electric arc furnace (EAF), which melts
scrap metal in the presence of electric energy and oxygen (Hasan 2013).

6.3.3  Transportation and distribution

In Chittagong, traders buy from Chittagong shipbreaking yards in whole-
sale quantities and sell to businessmen in smaller quantities. These traders
specialize in certain kinds of scraps. Only plain sheets are purchased from
shipyards by businessmen in Dhaka, which are transferred from the yards
(around 185 miles away). Almost all businessmen in Dhaka depend on
scraps from these Chittagong yards. The expansion of family businesses
and deployment of relatives as intermediaries are a factor in having drawn
resources from Chittagong shipyards to Dhaka. Once in Dhaka, there are
thousands of small- and medium-sized firms that process the scrap metal.
The area is famous for specialized skill and knowledge as well as social and
cultural attributes (Mizanur Rahman and Mayer 2015).
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6.3.4 Power

Energy is consumed by mills in the form of electricity and thermal energy
for heating. Reheating furnaces use natural gas while arc/induction fur-
naces use electricity. Most companies use grid electricity, and most mills
have standby generation capacity. The process of melting is the most en-
ergy-intensive process in steelmaking.

For a typical, medium-sized plant in Bangladesh with 320 production
days, the electricity consumption can be divided into two production lines:
one for scrap melting and one for rerolling. For scrap melting, electricity
consumption is approximately 700 kilowatt hours (kWh) per ton. For re-
rolling, the gas consumption is approximately 615 kWh per ton(“NAMA
Proposal” 2014).
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71

Recycled Steel and Iron Ore

Industry
711 Global scenario

Recycling steel through the process of shipbreaking was originally carried
out in industrialized ports in the United States and the United Kingdom
until well into the 20th century. Afterward, the major centers of the
shipbreaking and recycling industry (SBRI) moved to East Asia, and since
the 1980s to South Asia. The major center of activity is in Bangladesh, In-
dia, and Pakistan, which together account for 70%—80% of the interna-
tional recycling market. The remainder of the industry is covered by China
and Turkey.

7.1.2 Background

The scrap-metal recycling industry began in Bangladesh in the 1970s. The
Fauzdarhat Ship Breaking Yard in Chittagong is the largest shipbreaking
area in the world, and it was introduced in 1969. The yard employs
200,000 Bangladeshis, and it accounts for 60% of steel production in
Bangladesh due to the unavailability of quality coke and iron ire. The in-
dustry plays a key economic role in Bangladesh. At a macroscale, the need
to meet demand, the weakness of the Bangladesh currency, and the lack of
environmental regulations has driven the shipbreaking industry (Mizanur
Rahman and Mayer 2015; Hasan 2015).

The SBRI has had a major social impact on Bangladesh. Most workers are
migrants from poorer regions of Bangladesh. The hazardous nature of the
job, and the variations in employment levels are a major reason for em-
ployment of migrant labor. Historically, working conditions have been
poor, due to exposure to hazardous materials and unsafe conditions, which
have led to fatalities and injuries (Sarraf et al. 2010).

7.1.3 Producers

The official association of shipbreakers is the Bangladesh Ship Breakers
Association; almost all of the shipbreakers in Chittagong are members.
The shipbreaking industry is based on a balance of business competition
and tight-knit social ties. Family members are typically recruited to max-



ERDC/CERL TR-16-14 125

imize strong ties (Hasan 2013). As of 2010, there are 119 active shipbreak-
ing yards in Chittagong (up from 57 in 2008). The output from the yards is
almost all used locally in Bangladesh (Sarraf et al. 2010).

7.1.4 Cyclicality

The supply of vessels for scrapping from the shipping sector is subject to
large variations, depending on the global demand for sea transport. Dur-
ing periods of high demand, older ships are kept in operation and there-
fore, fewer vessels are offered for scrapping. On average, 700—800 ships
are scrapped annually. However during shipping industry boom years, this
figure is reduced to 300—400 vessels (Sarraf et al. 2010).

7.1.5 Locations of construction material

The key location of shipbreaking yards is in Chittagong because of the ac-
cess to the Bay of Bengal (“Ship Recycling” 2011). The shipbreaking yard
location can be found in Figure 66. Around half of the Chittagong
shipbreaking yards are in the Sitakunda Thana region, which stretches for
around 12—13 miles along the coast. Figure 67 shows an aerial photograph
of a section of the shipyard.

Figure 66. Chittagong shipbreaking yard (Google Maps, 2016).
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Figure 67. Aerial view of a section of Chittagong shipbreaking yard.24

¥

7.1.6  Construction material industry in India

Locations of iron ore in east India are shown in Figure 68. Iron ore
deposits are mostly located within Odissa, particularly along the
Odissa/Jharkhand border. Sponge Iron plants are generally located close
to iron ore resources and closer to the Bay of Bengal. Centers of activity
include Durgapur, West Bengal; Cuttack, Odissa; Raipur, Chhattisgarh;
and Raigarh, Chhattisgarh. There are a very limited number plants and
iron ore mines in northeast India.

24 “The Ship-Breakers,” National Geographic, accessed June 21, 2016.
http://s.ngm.com/2014/05/shipbreakers/hettwer-photography.
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Figure 68. Locations of iron ore in east India [orange: office, green: plant,
blue: deposit] (Google Maps, 2016).
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As a method of production for iron ore resources in the region, the sponge
iron industry in India was promoted in the early 1990s. The industry is an
alternative to steel scrap melting, which due to its scarcity had to be im-
ported in large quantities and used for steelmaking. Today, India as a
country is the largest producer of sponge iron in the world. The method it-
self is a common production approach in the Middle East, South America,
India, and Mexico. Natural gas and coal are the two main fuel sources for
direct-reduced iron (DRI) production, with coal as the primary fuel for
eastern India (“Indian Minerals Yearbook 2012” 2014).

During the process of direct reduction, iron is extracted from ore at a tem-
perature below the melting point of the material. The DRI can be pro-
cessed to produce wrought iron, where it is removed from an EAF called a
bloomer, beaten with hammers to remove slag, oxidize carbon, and weld
the iron together. This is an energy-efficient alternative to making steel
from scrap metal. The method is also attractive for small-scale production
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due to the low investment requirements and the suitability to local raw
material situations..25

The top nine companies and their installed capacities for steel production
are shown in Figure 69. The figure was formed from a collection of capaci-
ties of cement companies from a variety of data sources within the mate-
rial database. These data sources are included within the database itself. In
East India, the largest producer of sponge iron is Jindal Steel and Power
Ltd, with a capacity of 1.32 million MTPA. Most of the companies are
around the same size and produce less than 0.5 million MTPA of sponge

iron.
Figure 69. Capacity of prominent steel producers in East India, FY2015
(ERDC-CERL).26
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25 Britannica Academia, Online ed., s.v., “Iron Processing.” Accessed 15 January 2016. http://www.bri-
tannica.com/technology/iron-processing.

26 Capacity data is limited to companies with published production data.
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7.1.7 Locations of construction material in Myanmar

Locations of iron ore in Myanmar are shown in Figure 70. There are lim-
ited resources of iron ore in Myanmar; deposits can be found mostly
within the north-central portion of the country near Mandalay. Raw mate-
rials are processed at a sponge iron plant in Mandalay that is managed by
the Myanmar Ministry of Mines.

Figure 70. Locations of iron ore in Myanmar [green: plant, blue: deposit]
(Google Maps, 2016).
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7.2 Product
7.2.1 Reported quality

The scrap metal industry in Bangladesh divides the high and low quality
metal resources from each other for use in different ways. High quality
metal can be reused with little processing while low quality metal is recy-
cled, melted, or rolled into rebar. This approach eliminates mixing of qual-
ity resources (Mizanur Rahman and Mayer 2015). Final products made us-
ing plain sheets are more durable than those made from raw iron, since
international ships are made up of high-quality iron sheets (Hasan 2013).
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7.3 Production factors
7.3.1 Raw material

Bangladesh does not have any production of steel based on iron ore. The
major source of scrap metal material is from the shipbreaking industry.

Regarding ships and the shipbreaking industry, sea vessels or ships have a
normal lifespan of around 30—40 years, after which repair and renovation
are considered to be uneconomical. The retired ships are sold to commer-
cial shipbreakers, which are currently centered in South Asia. The compo-
nents of the ship are dismantled and recycled, depending on the resource.
The shipbreaking industry itself may be considered as “green,” because al-
most everything on the ship is recycled and reused (Sarraf et al. 2010). The
components of material in an average shipbreaking are shown in Table 25.

Table 25. Percentage by weights and value of type of scraps recovered from average
ship (Kusumaningdyah et al. 2013).

Type of resources Weights in percentage Value in percentage
Re-rollable ferrous scrap 30-35 25

Reusable metal sheets 40 40

Re-conditioned machinery 10-15 25

Re-melting scrap 3 2

Cable, stainless steel, Cu, brass I 7

Furnace oil and oils, paints 2 0.50

Wooden and furniture 2 0.50

Burning, cutting losses and wastes 5-10 0

Scrap steel from shipbreaking represents up to 1.5 million MTPA. Total
steel production is estimated at 2.2—2.5 million MTPA (Hasan 2013).

7.3.2 Technology

There are three main processes in shipbreaking: beaching, dry dock, and
afloat/slipway. Beaching is the method most used in developed countries
because it is nonmechanized. Dry dock is a more environmental-friendly
option which occurs in developed countries because of the high capital in-
vestment required. Afloat/slipway is more difficult than dry dock; how-
ever, it is a more cost-effective option.
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The beaching process is used in Bangladesh. Because of spring tides, ships
can be displaced over mudflats and onto the beach. When ships do not
make it over mudflats, they are pulled higher with chains or heavy steel-
wire hawsers at the next tide to make them lighter.

Through the process of oxygen cutting, winches that drag the ship up the
beach remove the steel from the exterior of the ship. These end-of-life

ships are decomposed, and every part of the hull and machinery are recy-
cled.

Iron materials are processed through multiple stages on site. The re-
sources reused for final steel products represent up to 50% of the total
metal resources of a ship. Low-quality or rusty scraps that are sold to re-
rolling mills to produce rebar represent the other 50% of total metal re-
sources. Non-iron materials are directly sold to end-users with minimal or
no processing (“Ship Recycling” 2011).
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8.1

Masonry

Masonry is the art and craft of building and fabricating with stone, clay,
brick, or concrete block. The first use of masonry dates to prehistoric
times, making it one of the oldest building materials in the world. It con-
tinues to be the most popular and leading construction material in devel-
oping regions. The choice of the material depends on geological for-
mations and conditions in the area of interest. Masonry as a construction
material is strong in compression and lacks tensile strength, therefore it is
suitable for structural purposes such as walls, domes, vaults, and arches
which are entirely under compression. Additional properties include
sound insulation, fire resistance, and insulating against heavy temperature
fluctuations. Architecturally, masonry is used for its color, scale, texture,
pattern, and appearance of permanence.27

Industry
8.1.1 Global scenario

There are roughly 1.5 trillion bricks that are produced worldwide every
year. A number of production technologies are used worldwide with vastly
different emissions. For instance, China has the largest global annual out-
put of approximately 800 billion bricks and has manufacturing that is
dominated by modern technologies which produce lower emissions. The
second-largest producer globally is India, which has an annual output of
approximately 250 billion bricks and is also the largest artisanal producer
of bricks. These artisanal kilns release greenhouse gases and other pollu-
tants into the atmosphere and pose a health risk to brick workers and sur-
rounding communities (Schmidt 2013).

8.1.2 Background

Bricks are an essential construction material in Bangladesh and have been
popular for thousands of years. In a country like Bangladesh, clay soil is
virtually the only natural raw material for construction, and so structures
made of burnt bricks will dominate the built environment as well as the
preferred construction material for the foreseeable future. Brick masonry
also plays a significant role in the construction sector because natural

27 Britannica Academia, Online ed., s.v., “Masonry.” Accessed 15 January 2016. http://www.britan-
nica.com/technology/masonry .
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stones for aggregate are not readily available, and other building materials
are costly (Ortlepp et al. 2015).

The brick sector in Bangladesh contributes around 1% to the country’s
GDP and provides employment to 750,000 people (“Financing Brick Kiln
Efficiency” 2012). Currently, the demand for bricks is growing, and the
brick sector is expected to grow annually by 2%—3% over the next decade
due to housing and commercial development.

The kilns are large contributors to air quality pollution and poor
community health in Dhaka, due to a lack of environmental regulation.
This has resulted in between 530—5,000 premature deaths annually due to
air pollution generated by brick kilns. However, the manufacturing
process of using highly polluting kilns is not limited to Bangladesh: it is
widespread throughout India, Nepal, Pakistan, China, Mexico (Luby et al.
2015; Darian et al. 2013).

8.1.3 Seasonality

Production of bricks occurs only during the dry season (from October to
March), which means that kilns are only in operation for a total of six
months because current technology does not allow for production during
the monsoon. Floodwaters can easily wash away any unburned bricks in a
monsoon season (Guttikunda et al. 2012). Because of dry season opera-
tion, construction of kilns is permitted on floodplain lands, or lands that
flood during the annual rainy season in Bangladesh (Luby et al. 2015).

Brick kilns are not recognized as an industry in Bangladesh because year-
round employment is not provided, and kilns do not have substantial fixed
assets. The brick sector has remained underdeveloped from lack of financ-
ing. As a result, the kilns are not advancing technologically and have re-
mained unchanged for years with inefficient energy consumption.

8.14 Producers

Many of the brickfields in Bangladesh are informal, small- to medium-
sized businesses operating with outdated technologies, and they are se-
verely polluting and have poor labor standards.28 There are an estimated

28 The only exception are fixed chimney kilns, which are almost entirely individually owned, with each
owner possessing a single kiln. Having multiple ownership of one kiln and multiple kilns under the same
ownership is rare.
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5,000 brick kilns operating throughout Bangladesh, with approximately
1,000 surrounding Dhaka.29

During the typical year, there are around 17 billion bricks produced annu-
ally in Bangladesh (“Financing Brick Kiln Efficiency” 2012). It is estimated
that the production rate is approximately 20,000 bricks per kiln per day
for a half-year of operation. The primary workforce during this time period
are agricultural laborers, who find less work during the dry season (Luby
et al. 2015). There are around 200—300 daily workers per kiln on a sea-
sonal basis (Corner 2014). Bricks produced in Bangladesh are traditionally
manufactured for local consumption (Darian et al. 2013).

8.1.5 Consumers

According to kiln owners, there is a strong market demand for bricks fired
in fixed-chimney kilns. Over 80% of a sample of interviewed kiln owners
had sold out of the entire production inventory before the next season
(Luby et al. 2015).3° However, the brick industry has proven to be flexible
in its response to changes in demand (Stulz 1992).

8.1.6 Locations of construction material

Brickfields are located near towns or major construction sites, with many
of the sites used repeatedly over the years. Focusing on the Dhaka region,
there are approximately 1,000 brick kilns spread across an area of 1,500
kmz2, over the districts of Dhaka, Gazipur, Manikganj, and Narayanganj, as
shown in Figure 71. Most of the kilns are located along intracity canals
linking rivers, which also serve as arteries for raw material transport to the
kilns and finished product distribution and delivery to construction sites
(Corner 2014).

29 The government authorities do not have the necessary resources to keep track of brickfields in Bangla-
desh. Many brickfields do not have a proper license to operate.

30 The sample of interviewed brick kiln owners includes 15 in Dhaka and 5 in Jessore, Bangladesh.
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Figure 71. Location of brick kilns within the Dhaka region (Corner 2014).
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Within the Dhaka region, the largest cluster of kilns is Gazipur, which has
around 320 kilns, and Narayanganj with 270 kilns. This is followed by
Savar, Dhamrai in Dhaka, and Kaliganj in Gazipur, which each have over
100 kilns. Next is Rupganj in Narayanganj, with less than 100 kilns (Corner
2014).

Bricks are a regional project in Bangladesh in their production. The regional
production of bricks is shown in Figure 72, and a heat map of the brick pro-
duction is shown in Figure 73. Many brickfields are located within the
Dhaka and Chittagong regions, in particular they are clustered in locations
with floodplains. For instance in the Chittagong region, there are high con-
centrations of brick kilns in the Comilla and Chittagong districts because of
the floodplain soils present in those locations (Hossain 2008).
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Figure 72. Billions of bricks produced in Bangladesh per year in each division
(Hossain 2008; Corner 2014).
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Figure 73. Map of brick kilns by region in Bangladesh (Corner 2014).
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8.2 Product
8.2.1 Codes, methods, and standards

Masonry construction is covered in Part 5 Chapter 2.2 and Part 6 Chapter 7
of the BNBC (2014).

8.2.1.1 Clay and concrete masonry units

According to Section 7.2.2 BNBC-2014, there are four common types of
masonry units which can be used in construction. Other types are listed in
section 5.2.2.4.

« Common building clay bricks (BDS 208:1980)

« Burnt clay hollow bricks (BDS 1263:1990)

« Burnt clay facing bricks (BDS 1250: 1989)

« Hollow load-bearing concrete blocks (ASTM C90)

8.2.1.2 Mortar

According to Section 5.2.2.5 of BNBC-2014, mortar shall consist of a mix-

ture of cementitious material and aggregates to which sufficient water and
additives (if any) have been added. Mortar shall be one or more of the fol-

lowing: lime, masonry, cement, Portland cement, and mortar cement and

shall conform to ASTM C270. The mix proportions of mortar are shown in
Table 26.

Table 26. Mix proportion and strength of commonly used mortars
(Table 6.7.1 in BNBC-2014).

Grade of Mix Proportion by Volume 1,2 Minimum Compressive
Mortar Strength at 28 days,
MN/mm2
Cement Sand

M1 3 10

M2 4 75

M3 1 5 5

M4 6 3

M5 7 2

ME 8 1

1 Sand and cement shall be measured in loose velume and sand shall be well graded with a

minimum F.M. of 1.2,

- Lime to 3 maximum of '_E'th part by volume of cement may be used to increase workability.
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8.2.1.3 Grout

According to Section 5.2.2.5 of BNBC-2014, grout shall consist of cementi-
tious materials and aggregates to which water has been added. Grout shall
be one or both of the following: lime and Portland cement, and the grout
shall have a minimum compressive strength of 13 MPa. Grout used in rein-
forced and unreinforced masonry shall conform to ASTM C476.

8.2.1.4 Masonry wall thickness

The minimum design dimensions are provided in the code as well. For
basic design requirements, the minimum thickness of load-bearing walls is
250 mm (10 in.), with the exception that stiffened bearing walls over 3 m
(10 ft) in height may have a minimum effective thickness of 165 mm (6.5
in.) when gable construction is used. For parapet walls, the thickness must
be at least 200 mm (8 in.), and the height shall be less than 4 times the
thickness (BNBC 2014, 7.4.9.1).

For stiffening walls, the thickness shall be at least 100 mm (4 in.) for 1-3
stories and at least 200 mm (8 in.) for 4—5 stories (BNBC 7.4.4.1).

In seismic zone 4, the nominal thickness shall not be less than 150 mm
(6 in.), with the exception of load-bearing reinforced hollow-clay units
with a net area unit strength larger than 55 N/mmz2, in which case the

nominal thickness shall not be less than 100 mm (4 in.) (BNBC 2014,

7.8.5.4).

In high-wind regions, the minimum thickness for unreinforced grouted
brick is 250 mm (10 in.); for reinforced exterior bearing wall and unrein-
forced hollow and solid masonry wall, the minimum thickness is 200 mm
(8 in.); and for interior nonbearing walls, the minimum thickness is 150
mm (6 in.) (BNBC 2014, 7.9.6.1). For confined masonry, the minimum
wall thickness should not be less than 100 mm (4 in.), and the wall height-
to-thickness ratio should not exceed 30 (BNBC 2014, 7.11.8.12).

8.2.2 Construction material

There are several types of bricks on the market in Bangladesh, as listed in
the subsections below (Luby et al. 2015).
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8.2.2.1 Bangla bricks

The largest portion is Bangla bricks, which are bricks that are molded by
hand and fired in a fixed-chimney kiln. There are four classifications as-
signed to Bangla bricks, based on how they are fired:

« Grade A bricks refer to bricks that are fired in the center of the kiln,
thus thoroughly firing them. These bricks have the best strength and
represent 50%—55% of bricks fired in a fixed-chimney kiln. This option
costs $0.07 - $0.08 per brick in Bangladesh. This brick is suitable for
construction of buildings, roads, and bridges.

» Grade B bricks are bricks that are fired above and below the optimal
center firing zone of fixed-chimney kilns, and they represent approxi-
mately 10% of manufactured bricks. This grade of bricks is used in ap-
plications for structures requiring relatively less compressive strength
and by purchasers to build outside boundary walls, foot paths, and
courtyards. This option costs $0.05 - $0.06 per brick in Bangladesh.

« Grade C bricks are bricks that are of very poor quality and are gener-
ally used in temporary structures. It is typically purchased by low-in-
come households for use as flooring in animal sheds or in the home.
These bricks represent 5% of production.

» Pickets are bricks which are overly-fired in a kiln and are typically bro-
ken up into small pieces. These constitute 15%—20% of production and
are typically a substitute for stones which are mostly unavailable in
Bangladesh. The product is used as a base layer for nearly all paved
roads in Bangladesh, and it is mixed with cement to form concrete for
building construction. Pieces of fired brick comprise the most common
coarse aggregate in concrete production. Brick aggregates produce con-
crete with a higher strength than concrete made with stone aggregate.

8.2.2.2 Auto bricks

Auto bricks are bricks that are machine molded and fired in a Hybrid Hoff-
man kiln. These bricks have a more consistent quality and shape, and they
are typically purchased by builders of high-income neighborhoods and
well-funded commercial buildings. These bricks typically cost $0.10 —
$0.14 per brick in Bangladesh (Luby et al. 2015).
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8.2.2.3 Ceramic bricks

Ceramic bricks are bricks that are the highest quality of bricks manufac-
tured in Bangladesh. These are also produced by Hybrid Hoffman kilns.
The bricks are machine molded, perforated with air spaces, exact in size,
well fired, attractive, and have good strength. These bricks are used for ar-
chitectural purposes. These bricks are the most costly option at $0.21—
$0.24 per brick in Bangladesh (Luby et al. 2015).

8.2.2.4 Concrete bricks

Concrete bricks are not commonly made in Bangladesh. They are compa-
rable to bricks in terms of service, but there exists consumer resistance in
Bangladesh over the product. Using concrete block instead of brick in-
creases the cost of the product because of the limited limestone resources,
which is an essential raw material in cement production. The limestone
deposits within Bangladesh are too deep to mine, which results in reliance
on imported cement product (Luby et al. 2015). On the other hand, bricks
use imported coal, which is a significantly smaller financial burden than
cement bags (Hossain 2008). Some researchers suggest that using fly ash
from thermal power plants to produce a different type of concrete brick
(flyash brick) is a possible technical solution.

8.2.3 Quality standards

According to the Technical Specification for Buildings (2005), bricks shall
be hard, sound, and give a clear metallic ring when struck with a small
hammer or another brick. The brick shall be manufactured from clay,
shale, or a combination of the two materials and shall be uniformly burnt.
The brick shall not break when dropped from a height of 1.5 m (5 ft). The
surface shall be too hard to scratch with a fingernail.

When testing brick quality, the salinity of the soil used in making the brick
and the water absorption capacity of the bricks are of concern. The soil sa-
linity of bricks can result in crystal formation on the brick surface. Water
absorption capacity is determined through submerging the brick under
water for 5—6 hours. If over 20% of the brick weight is absorbed in water,
then the brick is considered to be low quality (Luby et al. 2015).
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8.2.3.1 First-class bricks

First-class bricks shall be sound; hard and well burnt; free from cracks,
nodules, and flaws; uniform in size, shape, and color; homogeneous in tex-
ture; and shall have plain rectangular faces with parallel sides and sharp,
straight right-angled edges. The dimension of the brick shall be 240 mm x
115 mm X 70 mm, with a tolerance of £+3 mm. The maximum water absorp-
tion shall be 20% of the dry weight. The crushing strength shall not be less
than 140 kg/cm2 and shall be 170 kg/cm2 on average. Lastly, the unit
weight shall be 2,000 kg/m3.

8.2.3.2 Picked Jhama bricks

Picked Jhama bricks shall be over-burnt first-class bricks which have been
uniformly vitrified, hard, and slightly black in color without cracks or
spongy areas. The maximum water absorption shall not exceed 15%, and
the crushing strength shall not be less than 170 kg/cm2 and shall be

210 kg/cm2 on average. All other requirements of first-class bricks shall

apply.
8.2.3.3 First-class machine-made bricks

First-class machine-made bricks shall be thoroughly burnt and shall have
plain regular faces with parallel sides and sharp, straight right-angled
edges. The bricks shall be uniform in color, homogeneous in texture, and
free from cracks, nodules, and flaws. The dimensions of the brick shall be
200 mm X 100 mm X 5 omm, with a tolerance of +5 mm. The maximum
water absorption shall be 10% of the dry weight, and the crushing strength
shall not be less than 210 kg/cm>.

8.2.3.4 Clinker bricks

Clinker bricks shall be manufactured using a dry process, burnt at a higher
temperature, and uniformly vitrified. The dimension of clinker bricks shall
be 203 mm x 102 mm x 51 mm. The maximum water absorption shall be
12%—15% of the dry weight. The minimum compressive strength shall be
562 kg/cm2 and the modulus of rupture shall be at least 42 kg/cmz=.
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8.3

8.24 Reported quality

According to a report done for the Army Corps of Engineers, bricks are not
durable enough to withstand the violent storms of the monsoon season
and the accompanying heavy floods (Porter 1991).

From a sampling of brick buyers in Bangladesh, there are reports that the
same kiln owners have supplied bricks for several years, and that buyers
have received a high-quality product at a fair price. The buyers were
spared the need to visit the brick kiln and assess the quality with each pur-
chase. When dealing with a new brickfield, they would visit the area regu-
larly to assess the quality (Luby et al. 2015).3!

Production factors
8.3.1 Raw materials

Clay used in brick production is usually mined from nearby brickfield sites
because of the abundance of soil resources. Depending on the site condi-
tions, suitable clay may be transported from distant locations.32 From the
geology of Bangladesh, there are different types of soils that can be used in
brick making: alluvial soils, top soils, silty clay loam, and silty clay soils,
which are shown in Figure 74. Topsoil is the most commonly exploited due
to hand-mining techniques being prevalent throughout Bangladesh, which
allow for easier and cheaper mining than other soil types. Deep soils re-
quire mechanical equipment, which is only available to large mining com-
panies. From a building material point of view, clay should have as little
organic matter as possible because this reduces the final strength of the
brick, which makes topsoil a poor choice as a raw material in brick produc-
tion (Ortlepp et al. 2015).

31 Sampling of buyers consisted of buyers that purchase many bricks and included different types of buy-
ers such as wholesalers, retailers, developers, and end-users. There were 27 buyers interviewed in
Dhaka and 5 in Jessore, Bangladesh.

32 Banglapedia. Online edition, s.v. “Brickfield”. Accessed June 22, 2016. http://en.banglapedia.org/in-
dex.php?title=Brickfield,
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Figure 74. Classification of soils in Bangladesh (“Banglapedia”).33
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8.3.2 Imports and exports

Imports and exports of masonry are shown in Table 27. India is the largest
source of clay imports for Bangladesh, followed by China, Japan, and Thai-
land. Additional imported clay resources originate from various countries
in Europe and North America. A relatively small amount of clay is exported
to India and the United Kingdom. Brick product is imported almost entirely
from China, the producer of the largest number of bricks per year over any
other country. However, brick produced in Bangladesh is exported to parts
of Africa, Asia, Europe, and North America. The largest destination of ex-
ports are Italy and Singapore (Simoes 2013).

Table 27. Imports and exports of masonry, FY2013 (Simoes 2013).34

Imports and Exports of Masonry Product |~

Country -4 Brick Clay Grand Total

= Export
= Africa 5 31,367 5 5 31,367
South Africa 5 31,367 5 - S 31,367
=l Asia 5 80,776 5 .,587 § 86,363
India 5 5 5,587 § 5,387
Singapore 5 BO776 5 5 B0,776
=Europe $ 341,160 % 44,450 %5 385,619
United Kingdom S 63,823 S 44459 5 108,282
Netherlands § 10,959 5 5 10,959
Germany 3 9,305 5 3 9,305
Italy S5 257,073 & 5 257,073
='North America 5 10870 5 5 10,870
United States 5 10,870 5 3 10,870

= Import
=IAsia $2,504,453 54,678,077 57,182,530
India $ 37,711 51,760,515 51,798,226
China 52,466,742 51,209,576 53,676,318
Japan 5 - S 837,775 5 837,775
Thailand 5 S 765,728 5 765,728
Singapore 3 $ 93441 5 93,441
Pakistan 5 S 11,042 5 11,042
=Europe 5 $ 107,167 %5 107,167
Turkey 5 $ 56,852 5 56,852
United Kingdom 5 § 35976 5 35,978
Germany 3 $ 12,005 S 12,005
Bulgaria 3 3 2,334 5 2,334
='North America ] $ 632,541 5 632,541
United States 3 3 632,541 5 /32,541

34 Data is limited to general bricks made from the raw material of clay. Concrete has been omitted because
the material has been covered in a previous section. The category of clay includes material used in con-
struction and does not include fireclay, which is used for creating brick kilns.
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8.3.3 Technology

Most of the brick production in Bangladesh is artisanal, meaning that
bricks are shaped by hand. An artisanal kiln in Bangladesh requires a
workforce of approximately 150 people to make four million bricks a year.
During production, workers combine topsoil, manure, or other raw mate-
rials with water to form a thick slurry, which is then pressed into molds to
be dried under the sun. The sun-dried “green” bricks are then fired in kilns
and stacked on pallets for transport (Maral 2013).

There are a number of different kilns in operation in Bangladesh for arti-
sanal brick production including Fixed Chimney Bull’s Trench Kilns
(FCBTKSs), Zigzag Kilns, Vertical Shaft Brick Kilns (VSBKs), Hoffman
Kilns, and Tunnel Kilns. The most common kilns are described in detail
below.

8.3.3.1 Fixed chimney bull’s trench kiln

The most common is a fixed chimney bull’s trench kiln, which comprises
91% of all manufactured bricks in Bangladesh. The FCBTK is a retrofit of
the original Bull’s Trench kiln design, which was banned in Bangladesh
due to its draft and high emissions. Many of the Bull’s Trench kilns in
Bangladesh were outfitted with a fixed chimney, which results in lower lev-
els of pollution and, as a result, lower environmental and health impacts.
However, the Kkiln is still very environmentally hazardous.

Most brick manufacturers prefer this method over other kiln options be-
cause of the low capital costs. The knowledge of FCBTK construction and
operation is widespread, and the only skilled position for operation is the
fireman who adds coal and/or firewood to the kiln, and this experience is
widely available. Fixed-chimney kilns use firewood to start the fire at the
beginning of the season, and they use coal as a fuel source through the ma-
jority of the season. However, some kiln owners report using both fire-
wood and coal (Luby et al. 2015).35

35 Data originates from a survey of 15 brick kiln owners in Dhaka and 5 in Jessore, Bangladesh. The
sample consists of recommended owners from officials from the Bangladesh Brick Manufacturing Own-
ers Association (BBMOA) and their additional contacts.
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8.3.3.2 Hoffman kiln

The second-most common kiln is a Hoffman kiln, and this type of kiln pro-
duces 5% of the manufactured bricks in Bangladesh. The Hoffman kiln has
a fixed roof that allows for high energy efficiency and for operation during
the rainy season if the operator has sufficient land for storing unfired
bricks. The Hoffman kiln is built of low thermal-conductivity firebricks.
Most of the Hoffman kilns in Bangladesh use coal as an energy source; on
a global scale, electricity and natural gas are used more typically (Luby et
al. 2015).

8.3.3.3 Hybrid Hoffman kiln

A hybrid Hoffman kiln is a version of the Hoffman kiln that improves heat
retention and captures waste heat for recirculation in the drying tunnel.
The consumption of coal is reduced by allowing for pulverized coal to enter
the wet clay in each brick, which bakes the brick from the inside. Com-
pared to the Hoffman kiln, this is a lower-cost option that has thinner
walls, is built of regular bricks, and has no cover over the kiln. The produc-
tion capacity is a minimum of 50,000 bricks per day per kiln or 15 million
bricks per year (“Project Design Document” 2014).

8.3.3.4 Zigzag kiln

The zigzag kiln accounts for 1% of the bricks manufactured in Bangladesh.
Despite their limited use, the Government of Bangladesh has promoted
this kiln option as an alternative to fixed-chimney kilns. Airflow in the kiln
is directed with a zigzag arrangement of bricks, and a draft fan moves the
heated air more thoroughly through the bricks. The design, construction,
and operation of zigzag kilns determine the efficiency of the kiln (Maral
2013).

Zigzag kilns have a higher initial cost, and fewer people know how to con-
struct them. Operation of zigzag kilns requires more laborers with train-
ing, which increases operational costs (Luby et al. 2015). The operation
procedure is more sophisticated than for an FCBTK and, as a result, poor
operation has the same energy consumption and pollution effe (Hossain
2008). However with suitable operation, the zigzag kiln offers an alterna-
tive to the more expensive Hoffman and tunnel kilns (Maral 2013).
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8.34 Power

The brick-making industry is highly energy intensive, with energy account-
ing for around 50% of production costs. There are a number of ways to im-
prove energy usage, such as increasing the number of bricks fired at a
time, improving the temperature control through the chimney system, in-
troducing a higher-draft kiln (Stulz 1992). Brick kilns do not rely on the
electricity grid for power, but rather they use a number of other power
sources such as coal, natural gas, wood, and electricity generators.

A fixed-chimney kiln, the most common kiln in Bangladesh, does not re-
quire electricity, and therefore does not face a loss of productivity when
electricity is not available. Both a fixed-chimney kiln and a Hoffman kiln
rely on coal for energy consumption. Zigzag kilns require an electrical fan
for operation. Because electricity is unavailable in many locations and does
not run continuously when available, kiln owners require a diesel-powered
electricity generator (Luby et al. 2015).
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9.1

9.2

Construction Material Database

Purpose

A database of construction materials is a collection of information that
identifies a site, the geographic location, and the characteristics of that
site. The information on materials in the production of aggregate, cement,
concrete, brick, steel, and lumber for Bangladesh are to be implemented
into a geodatabase to more easily picture, analyze, and comprehend pat-
terns and relationships.

Categories

Each entry within the database is given 18 fields, which may be a string or a
number variable type.

9.2.1 Site identification

« Company: additional information about the name of the company that
is most currently operating at the particular location will be included in
case there are operations occurring at the site.

« Site Name: identifies the site by a title, which represents the name of
the operation or deposit at the location. For instance, specific titles or
descriptions of production facilities and corporate offices will be in-
cluded.

9.2.2 Geographic location

« Country: the name of the country in which the site is located.

« City: a more in-depth political state, province, or territory within the
country that the construction resource is located in.

« Latitude: geographic latitude of the site represented in decimal degrees
and WGS84 Web Mercator projection.

« Longitude: geographic longitude of the site represented in decimal de-
grees and WGS84 Web Mercator projection.

« Precision: the preciseness of the latitude-longitude location. This is de-
fined by the following characters:
o S: the latitude-longitude coordinate pair that represents the exact

site location
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o A:an approximate location of an individual site provided as a lati-
tude-longitude coordinate pair, which may be represented by a re-
gion or city if limited information is available.

o C: a cluster of sites to represent the characteristics of a region or
city, represented as latitude-longitude coordinate pair.

9.2.3 Site characteristics

« Construction resource: the commodity produced at the site, such as a
deposit or resource, regardless of operation.

« Product: the specific type of commodity produced at the site.

« Industry type: the type of operations occurring at the site including the
following three categories:

o Seasonal: variations exist in the production and/or consumption of
the material based on the season.

o Cyclical: variations exist in the production and/or consumption of
the material based on business cycles.

o Regular: no variations occur due to the aforementioned industry
behavior effects.

« Site type: the type of operation most currently existing at the site; these
include four different categories:

o Office: corporate offices locations, which are an important part in
the control and operations of processing. This category omits offices
specifically for sales.

o Plant: plants, factories, and other manufacturing sites: where raw
materials are transformed into the final product.

o Terminal: terminals and shipping ports: where the product is
stored for future distribution as well as where the product is im-
ported or exported

o Deposit: mines, natural resource and other raw material deposits:
which is where raw materials are extracted or available for excava-
tion.

« Capacity: the amount of a commodity that is possible to produce at the
plant for a given construction resource. This number does not reflect
the actual capacity, but is rather based on what is installed on site.

« Units: the unit of measurement for the facility’s capacity, if a capacity is
provided.

« Employees: the exact or approximate number of workers at the site.

* Quality: the grade of the product prepared at the plant.
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» Electric requirements: the electric power used by the plant, repre-
sented in megawatts. Power may originate on-site or from the national
grid.

« Import: the source of imported materials to produce commodities, if
imported.

« Notes: any additional and pertinent information about the site.



ERDC/CERL TR-16-14 151

10 Conclusions

Because construction of military facilities is one of the most important as-
pects of military missions, this effort developed a GIS-based decision sup-
port tool to assist in siting FOBs in theater. As a case study, the availability
of locally sourced materials and their suitability for supporting the military
mission were analyzed for the Dhaka, Bangladesh region. The methodol-
ogy took into account 15 different variables in the process. The key factors
included in the analysis and determination of materials and location in-
cluded local materials accessibility, quality and quantity, local transporta-
tion infrastructure, and population densities. This case study is unique due
to Bangladesh’s high flood-risk level, and special care was taken to account
for this factor. The effective proximity factor also allowed for the central
locations of each construction resource within the respective regions to be
determined and tied to each other. It was determined that brick is the
most widely used and trusted construction material in the region.

Overall, this case study serves as an example of creating a materials data-
base and methodology for a megacity. While every region has a unique
methodology, each can be adapted from this case study.
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Appendix: Population Data and Construction
Materials Database

The material provided in this appendix adds data for how the methodology
was created in regards to the population of various cities. Along with this,
the Construction Materials Database is provided as a reference for the
reader.

Table A1 provides a breakdown of the population and density for each of
the eight regions within Bangladesh.

Table Al. Population by division and respective cities with 100,000 or more people
(Population and Housing Census-2011, 2014).

Division and City Population (2011) | Density (people per
sg. km)

Barisal Division 8,325,666 626.1
Barisal 328,278 16,422.1
Chittagong Division 28,423,019 841.6
Chittagong 2,592,439 15,351.7
Comilla 326,386 28,455.6
Brahmanbaria 172,017 9,784.8
Cox’s Bazar 167,477 24,449.2
Chandpur 159,021 15,016.1
Feni 156,971 5,771
Noakhali 107,654 6,779.2
Dhaka Division 36,054,418 1,772.8
Dhaka 7,033,075 45,716.8
Narayanganj 543,090 42,796.7
Tongi 476,350 15,292.1
Savar 286,008 7,526.5
Gazipur 213,061 4,587.9
Rupganj 200,177 -
Nawabganj 180,731 5,261.5
Tangail 167,412 5,688.5
Kadamrasul 166,291 13,313.9
Kaliakhair 157,162 -
Narsingdi 146,115 15,986.3
Faridpur 121,632 5,370.1
Bhairab Bazar 118,992 7,569.5
Kishoreganj 103,798 4,101.1
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Division and City Population (2011) | Density (people per
s@. km)

Khulna Division 15,687,759 704.4
Khulna 1,063,342 9,462.8
Jessore 201,796 13,709
Satkhira 113,322 3,109
Jhenida 107,834 2,721.7
Kushtia 102,998 7,731.8
Mymensingh Division 11,370,000 1,039.9
Mymensingh 258,040 11,874.8
Jamalpur 142,764 2,679.5
Rajshahi Division 18,484,858 1,015.8
Rajshabhi 449,756 4,628.1
Bogra 350,397 32,686.3
Sirajganj 158,913 5,677.9
Naogaon 150,549 4,065.6
Pabna 144,442 5,304.5
Rangpur Division 15,787,758 967.6
Rangpur 294,268 5,805.2
Dinajpur 186,727 9,710.2
Saidpur 123,712 3,586.9
Sylhet Division 9,910,219 12,596
Sylhet 479,837 18,107.1
Sripur 126,249 -



Tables A2—A22 provide the construction materials database, by material, for the region of Dhaka, Bangladesh. Refer to
Section 9.2 for more information about each column. Some cells in some of the tables have no information (blank) due to

lack of availability of information and/or lack of validation of information.

Table A2. Materials database - Bangladesh- masonry (ERDC-CERL).
City Latitude Longjtude Precision | Industry Type | Site Name Site Type g:z::}t;e(an:)"'
Barisal 22.156547 | 90.094176 | C Seasonal EK%GSLTJ’E’?EES'ON PLANT | 44
Barisal 22.356264 | 90.328641 | C Seasonal A DAL REGION. | panT | 79
Barisal 22.320404 | 90.738608 | C Seasonal g'l:'l?s"fEF;EG'ON KN pLant | 75
Barisal 22.621895 | 90.010194 | C Seasonal E'ESJEBURS?ES'ON PLANT | 154
Barisal 22.585165 | 90.187905 | C Seasonal AN ORIEREGION | puant | 88
Barisal 23.240573 | 90.500946 | C Seasonal iTL?IKSLElé?ERREGION PLANT | 66
Barisal 22.704327 | 90.345221 | C Seasonal gﬁS'SSTAELRREG'ON KL pLant | 600
BRAHMANBARIA
Chittagong | 23.975253 | 91.112933 | C Seasonal REGION KILN PLANT | 201
CLUSTER
Chittagong | 23.459002 | 91.184312 | C Seasonal f(ﬁ_'\,ﬂ”é"l_ﬁgfgo'\‘ PLANT | 595
Chittagong | 23.277327 | 90.770896 | C Seasonal R BEGION | pranT | 300
Chittagong | 22.944524 | 90.825945 | C Seasonal LOVIRPIRREGION 1 pLant | 331
Chittagong | 22.781978 | 91.119548 | C Seasonal Eﬁ_ﬁlngﬁ'ggg'o'\‘ PLANT | 322
Chittagong | 22.981493 | 91.425972 | C Seasonal e SION FILN PLANT | 419
Chittagong | 22.62 91.733635 | C Seasonal CHTEEONG REGION. | panT | 1314
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" " N - . . Capacity (mil.
City Latitude Longjtude Precision | Industry Type | Site Name Site Type bricks/year)
KHAGRACHHARI
Chittagong 23.120243 | 91.94491 C Seasonal REGION KILN PLANT 123
CLUSTER
. RANGAMATI REGION
Chittagong 22.726606 | 92.295028 | C Seasonal KILN CLUSTER PLANT 62
. COX'S BAZAR REGION
Chittagong 21.223254 | 92.071232 | C Seasonal KILN CLUSTER PLANT 256
. BANDARBAN REGION
Chittagong 21.822879 | 92.372451 | C Seasonal KILN CLUSTER PLANT 75
GAZIPUR REGION
Dhaka 24 90.335 C Seasonal KILN CLUSTER PLANT 1168
NARAYANGANJ
Dhaka 23.641901 | 90.463802 | C Seasonal REGION KILN PLANT 986
CLUSTER
SAVAR REGION KILN
Dhaka 23.797268 | 90.313717 | C Seasonal CLUSTER PLANT 438
DHAMRAI REGION
Dhaka 23.91831 90.10207 C Seasonal KILN CLUSTER PLANT 292
KALIGANJ REGION
Dhaka 23.891588 | 90.582791 | C Seasonal KILN CLUSTER PLANT 329
RUPGANJ REGION
Dhaka 23.78 90.57873 C Seasonal KILN CLUSTER PLANT 183
GOPALGONJ REGION
Dhaka 23.071007 | 89.881921 | C Seasonal KILN CLUSTER PLANT 123
FARIDPUR REGION
Dhaka 23.485371 | 89.816224 | C Seasonal KILN CLUSTER PLANT 309
MADARIPUR REGION
Dhaka 23.216571 | 90.158232 | C Seasonal KILN CLUSTER PLANT 97
NARSINGHDI REGION
Dhaka 24.027028 | 90.778479 | C Seasonal KILN CLUSTER PLANT 203
MUNSHIGANJ REGION
Dhaka 23.527414 | 90.415875 | C Seasonal KILN CLUSTER PLANT 225
MANKIGANJ REGION
Dhaka 23.86 89.943893 | C Seasonal KILN CLUSTER PLANT 525
TANGAIL REGION KILN
Dhaka 24.31 89.974665 | C Seasonal CLUSTER PLANT 361
KUSHTIA REGION
Khulna 23.913671 | 88.98259 C Seasonal KILN CLUSTER PLANT 132
Khulna 23.782558 | 88.694286 | C Seasonal MEHERPUR REGION PLANT 119

KILN CLUSTER
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City Latitude Longjtude Precision | Industry Type | Site Name Site Type g:zs:}t;e(an:)"'
Khulna 23.486405 | 89.426207 | C Seasonal mf‘UCFf_ﬁgTESFLON PLANT | 71
Khulna 23.127678 | 89.566905 | C Seasonal AL REGIONKIN 1 piant | 335
Khulna 23.651691 | 88.836958 | C Seasonal EHLI{IA(?I'_ALTS(%I'?ESEGION PLANT | 145
Khulna 23.564721 | 89.130754 | C Seasonal ?TE,\'}‘@'I_DUASHTEFEG'ON PLANT | 410
Khulna 23.175359 | 89.152725 | C Seasonal P ouOHE REGION PLANT | 282
Khulna 22.607007 | 89.07519 | C Seasonal iﬁ?gﬁﬁg'o'\‘ PLANT | 392
Khulna 22.719442 | 89.553536 | C Seasonal éﬂj’é‘T'\‘EARREG'ON KILN | pLant | 172
Khulna 22.446006 | 89.745712 | C Seasonal DAGERHAT RESION | pLanT | 185
Mymensingh | 24.932806 | 89.808713 | C Seasonal m"&ig;ﬁem” PLANT | 97
Mymensingh | 25.074273 | 90.086912 | C Seasonal ﬁTLiRgfstFES'ON PLANT | 723
MYMENSINGH
Mymensingh 24.747999 | 90.398679 | C Seasonal REGION KILN PLANT 185
CLUSTER

Mymensingh | 24.876328 | 90.816347 | C Seasonal ElELT,\IRgﬁ?SNTAESEG'ON PLANT | 84
Rajshahi 25.11 89.069989 | C Seasonal JORORART REGION | puant | 454
Rajshahi 24.937312 | 88.717458 | C Seasonal Eﬁ_ﬁfé&'\gg'o'\‘ PLANT | 190
Rajshahi 24.846661 | 89.370548 | C Seasonal ESSSRTAESEG'ON KILN 1 i anT | 269
Rajshahi 23.65665 | 90.153143 | C Seasonal NINOSA REGION | pLanT | 401
Rajshahi 24.383753 | 88.608708 | C Seasonal ﬁfdﬁ"é’?_ﬂggg'o"‘ PLANT | 278
Rajshahi 24.371804 | 89.02162 | C Seasonal gfggﬁEERREG'ON KN | piant | 278
Rajshahi 24.432719 | 89.596795 | C Seasonal SIRAJGANJ REGION | o \N7 | 238

KILN CLUSTER
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" " N - . . Capacity (mil.
City Latitude Longjtude Precision | Industry Type | Site Name Site Type bricks/year)
] ) PABNA REGION KILN

Rajshahi 24.01 89.250307 | C Seasonal CLUSTER PLANT 75
PANCHAGARH REGION

Rangpur 26.335187 | 88.557065 | C Seasonal KILN CLUSTER PLANT 203
THAKURGAON

Rangpur 26.036299 | 88.418663 | C Seasonal REGION KILN PLANT 123
CLUSTER
NILPHAMARI REGION

Rangpur 25.995 88.942531 | C Seasonal KILN CLUSTER PLANT 75
LALMONIRHAT

Rangpur 26.07129 89.190216 | C Seasonal REGION KILN PLANT 264
CLUSTER
RANGPUR REGION

Rangpur 25.744178 | 89.274085 | C Seasonal KILN CLUSTER PLANT 163
KURIGRAM REGION

Rangpur 25.807563 | 89.64396 C Seasonal KILN CLUSTER PLANT 247
GAIBANDHA REGION

Rangpur 25.31 89.53182 C Seasonal KILN CLUSTER PLANT 141
SUNAMGANJ REGION

Sylhet 24931453 | 91.356609 | C Seasonal KILN CLUSTER PLANT 432
SYLHET REGION KILN

Sylhet 24939815 | 92.03391 C Seasonal CLUSTER PLANT 291
MOULVIBAZAR

Sylhet 24.491225 | 91.871026 | C Seasonal REGION KILN PLANT 220
CLUSTER
HOBIGANJ REGION

Sylhet 24.363917 | 91.417847 | C Seasonal KILN CLUSTER PLANT 190
KISHOREGANJ

Sylhet 24.385474 | 90.924064 | C Seasonal REGION KILN PLANT 314
CLUSTER

Barisal 22.668889 | 90.608056 | S Seasonal PLANT 3.65

Chittagong 22.221667 | 92.028889 | S Seasonal PLANT 3.65

Chittagong 22.3575 91.9125 S Seasonal PLANT 3.65

Chittagong 22428611 | 91.884444 | S Seasonal PLANT 3.65

Chittagong 22428611 | 91.884444 | S Seasonal PLANT 3.65

Chittagong 22.552222 | 91.785278 | S Seasonal PLANT 3.65
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City Latitude Longjtude Precision | Industry Type | Site Name Site Type g:zs:}t;e(an:)"'
Chittagong 22.913056 | 91.233056 | S Seasonal PLANT 3.65
Chittagong 22920278 | 91.215 S Seasonal PLANT 3.65
Chittagong 22938333 | 91.228056 | S Seasonal PLANT 3.65
Chittagong 22.939167 | 91.230556 | S Seasonal PLANT 3.65
Chittagong 22940556 | 91.260278 | S Seasonal PLANT 3.65
Chittagong 22.941111 | 91.279444 | S Seasonal PLANT 3.65
Chittagong 22941389 | 91.208056 | S Seasonal PLANT 3.65
Chittagong 22.943333 | 91.313889 | S Seasonal PLANT 3.65
Chittagong 22.943611 | 91.282778 | S Seasonal PLANT 3.65
Chittagong 22948889 | 91.318056 | S Seasonal PLANT 3.65
Chittagong 22.950278 | 91.323889 | S Seasonal PLANT 3.65
Chittagong 22951389 | 91.246389 | S Seasonal PLANT 3.65
Chittagong 22.951944 | 91.201389 | S Seasonal PLANT 3.65
Chittagong 22959444 | 90.819444 | S Seasonal PLANT 3.65
Chittagong 22.965 91.223056 | S Seasonal PLANT 3.65
Chittagong 22.983056 | 91.315833 | S Seasonal PLANT 3.65
Chittagong 23 90.801111 | S Seasonal PLANT 3.65
Chittagong 23.003333 | 91.235833 | S Seasonal PLANT 3.65
Chittagong 23.015833 | 91.295556 | S Seasonal PLANT 3.65
Chittagong 23.038056 | 91.163611 | S Seasonal PLANT 3.65
Chittagong 23.04 91.218333 | S Seasonal PLANT 3.65
Chittagong 23.040556 | 91.165833 | S Seasonal PLANT 3.65
Chittagong 23.041111 | 91.183056 | S Seasonal PLANT 3.65
Chittagong 23.041667 | 91.193056 | S Seasonal PLANT 3.65
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Chittagong 23.051667 | 91.145556 | S Seasonal PLANT 3.65
Chittagong 23.0825 91.2025 S Seasonal PLANT 3.65
Chittagong 23.095833 | 91.976111 | S Seasonal PLANT 3.65
Chittagong 23.095833 | 91.976111 | S Seasonal PLANT 3.65
Chittagong 23.115 91.190278 | S Seasonal PLANT 3.65
Chittagong 23.459722 | 91.004444 | S Seasonal PLANT 3.65
Chittagong 24.794444 | 92.0675 S Seasonal PLANT 3.65
Dhaka 23.199167 | 90.068611 | S Seasonal PLANT 3.65
Dhaka 23.226389 | 89.996111 | S Seasonal PLANT 3.65
Dhaka 23.615556 | 90.43 S Seasonal PLANT 3.65
Dhaka 23.635 90.462778 | S Seasonal PLANT 3.65
Dhaka 23.659722 | 90.140556 | S Seasonal PLANT 3.65
Dhaka 23.830833 | 90.485 S Seasonal PLANT 3.65
Dhaka 23.870833 | 89.982778 | S Seasonal PLANT 3.65
Dhaka 23.918611 | 90.2375 S Seasonal PLANT 3.65
Khulna 22.681111 | 89.099722 | S Seasonal PLANT 3.65
Khulna 23.123333 | 89.136111 | S Seasonal PLANT 3.65
Khulna 23.174167 | 89.524167 | S Seasonal PLANT 3.65
Khulna 23.409444 | 89.1225 S Seasonal PLANT 3.65
Khulna 23.410278 | 89.119444 | S Seasonal PLANT 3.65
Rajshahi 24.121425 | 89.143641 | S Seasonal PLANT 3.65
Rajshahi 24125147 | 89.134973 | S Seasonal PLANT 3.65
Rangpur 25.87783 88.173826 | S Seasonal PLANT 3.65
Sylhet 24.3975 91.744444 | S Seasonal PLANT 3.65
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" " N - . . Capacity (mil.
City Latitude Longjtude Precision | Industry Type | Site Name Site Type bricks/year)
Sylhet 24.794444 | 92.0675 S Seasonal PLANT 3.65
Table A3. Materials database - Bangladesh - cement (ERDC-CERL).
Indust Capacity Electric Re- Electric
City Latitude Longjtude Company Type Y Site Name Site Type (mil. Quality quirements Requirement
yp MTPA) (MW) Source
Mongla 23.06528 | 89.3775 | A RCementMills | Cyclical, |\ oo plant | PLANT 0.6 CEM I 7.38 ESTIMATED
Ltd. Seasonal
Rajshahi 25.103 89.0264g | - RCementMills | Cyclical, | o) 00 te Office | OFFICE
Ltd. Seasonal
Dhaka 23.82397 | 90.42094 | AhadCorporation | Cyclical, | o) o0 o6 office | OFFICE
Ltd. Seasonal
Khulna 23.00923 | 89.417g | AhadCorporation | Cyclical, |\ o plant | PLANT 0.6 7.38 ESTIMATED
Ltd. Seasonal
Dhaka 23.72882 | 90.41863 | AKU Cement Cyclical, | o orate Office | OFFICE
Company Ltd. Seasonal
Dhaka 23.62498 | 90.5142 | AKU Cement Cyclical, | Shitalaksha PLANT 1.2 CEM I 14.76 ESTIMATED
Company Ltd. Seasonal River Plant
Alhaj Mostafa- Cvclical
Chittagong 22.33846 91.81355 Hakim Cement Y ! Corporate Office | OFFICE
. Seasonal
Industries Ltd.
Alhaj Mostafa- Cvelical
Chittagong 22.53194 91.70083 Hakim Cement Y ! Chittagong Plant | PLANT 0.17 CEM | 2.09 ESTIMATED
. Seasonal
Industries Ltd.
Dhaka 23.87091 | 90.40241 | Aman Cement Cyclical, | o orate Office | OFFICE
Mills Ltd. Seasonal
Rajshahi 2429113 | 89.56648 | Aman Cement Cyclical, | bt PLANT 0.21 CEMII
Mills Ltd. Seasonal
Dhaka 23.72735 | 90.41924 | AnwarCement | Cyclical, | o) o0 o6 Office | OFFICE
Ltd. Seasonal
Anwar Cement Cyclical Meghna River
Dhaka 23.60238 | 90.62492 yelical, Plant and Fac- PLANT 0.24 CEM I 3.09 PUBLISHED
Ltd. Seasonal tory
Dhaka 23.53974 | 90.67611 | AnwarCement | Cyclical, — Corrugated PLANT 0108 | CEMI 133 ESTIMATED
Ltd. Seasonal Sheet Plant
Dhaka 23.72623 | 90.43556 | APon Cement Cyclical, | orate Office | OFFICE
Mills Ltd. Seasonal
. . Cyclical, Karnaphuli River
Chittagong 22.38275 91.86962 | Aramit Cement Seasonal | Office and Plant OFFICE

T-9T-41 1¥30/0Qy3

99T



Indust Capacity Electric Re- Electric
City Latitude Longjtude Company Type Y Site Name Site Type (mil. Quality quirements Requirement
yp MTPA) (MW) Source
. . Cyclical, Karnaphuli River CEMII
Chittagong | 22.38275 | 91.86962 | Aramit Cement | oo | CEHNAPIETHET | pLANT 1.33 425N 16.36 ESTIMATED
Dhaka 23.77434 | 90.41188 | AramitCement | 2% | ppaka office OFFICE
Seasonal
Dhaka 23.76576 | 90.40546 | AramitCement | 2% | ppaka Depot TERMINAL
Seasonal
Barisal 2286922 | 90.31981 | AramitCement | 9@ | Barisal Depot TERMINAL
Seasonal
Khulna 2281739 | 89.55368 | AramitCement | 9% | kpuinaDepot | TERMINAL
Seasonal
Rajshahi 24.84389 | 89.36898 | AramitCement | %% | gogra Depot TERMINAL
Seasonal
Sylhet 2449417 | 91.77417 | AramitCement | 9% | siinet Depot TERMINAL
Seasonal
Sylhet 2473441 | 90.40858 | AramitCement | SYelical | Mymensingh De- |t nnal
Seasonal pot
Bashundara . .
Khulna 2251528 | 89.58667 | Industrial Cyclical, | Pashure River | o) s\\p 1.2 CEM Il 14.76 ESTIMATED
Seasonal Plant 42.5N
Complex Ltd.
Bashundara . .
Rajshahi 23.60626 | 90.51099 | Industrial Cyclical, | Madanganj PLANT 0.4 CEM I 4.92 ESTIMATED
Seasonal Plant 42.5N
Complex Ltd.
Bashundara . .
Dhaka 23.58694 | 90.51528 | Industrial Cyclical, | Shitalakshya PLANT 2.1 CEM Il 25.83 ESTIMATED
Seasonal River Plant 42.5N
Complex Ltd.
Bashundara Cvelical
Dhaka 23.81188 90.4301 Industrial Y ! Corporate Office | OFFICE
Seasonal
Complex Ltd.
Dhaka 23.73923 | 90.38712 | Bengal Agencies | %% | corporate Office | OFFICE
Seasonal
Bengal Agen-
Dhaka 23.04611 | 90.61556 | cles/Siam | Cyclical, | oo ot plant PLANT CEM |
Bangla Industries | Seasonal
Ltd.
Bengal Agen-
Dhaka 23.74634 | 90.39291 | Cles/Siam - Cyclical, | o o0 ate Office | OFFICE
Bangla Industries | Seasonal

Ltd.
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Industry Capacity Electric Re- Electric
City Latitude Longjtude Company Type Site Name Site Type (mil. Quality quirements Requirement
yp MTPA) (MW) Source
Dhaka 23.78481 | 90.34701 | BrotherCorpora- | Cyclical, 1 o e Office | OFFICE
tion Seasonal
Dhaka 23.72737 | 90.41593 | BrotherCorpora- | Cyclical, | o) 00 o6 Office | OFFICE
tion Seasonal
CEMEX Cement Cyclical, )
Dhaka 23.75349 90.39226 Bangladesh Ltd. Seasonal Corporate Office | OFFICE
. Shitalakshya
Dhaka 23.59949 | 90.5105 | CEMEXCement ) Cyclical, 1 oo pjoni PLANT 0.55 CEM I 6.77 ESTIMATED
Bangladesh Ltd. Seasonal L . 42.5N
Grinding Mill
Sylhet 2504778 | 91.6577g | Chhatak Cement | Cyclical, | o\ ooy plant | PLANT 0233 | CEMI 2.87 ESTIMATED
Company Ltd. Seasonal
. Confidence Cyclical, Chittagong Of-
Chittagong 22.32336 91.81187 Cement Ltd. Seasonal fice OFFICE
Chittagon 22.44155 | 91.73g02 | Gonfidence Cyelical, oyt PLANT 0.75 CEM I 108.00 PUBLISHED
gong : : Cement Ltd. Seasonal : 42.5N :
Dhaka 23.75067 | 90.39192 | Confidence Cyelical, |24 Office OFFICE
Cement Ltd. Seasonal
Dhaka 23.72506 | 90.42128 | Confidence Cyelical, | gpare Office OFFICE
Cement Ltd. Seasonal
Deshbandhu Cyclical, )
Dhaka 23.79553 90.40801 Cement Mills Ltd. | Seasonal Corporate Office | OFFICE
Rajshahi 2412783 | 89.587 Deshbandhu Cyclical, | o ment Factory | PLANT 0.7 8.61 ESTIMATED
Cement Mills Ltd. | Seasonal
. Diamond Cyclical, )
Chittagong 22.32466 91.82495 Cement Ltd. Seasonal Head Office OFFICE
. Diamond Cement | Cyclical, Karnaphuli River CEMII
Chittagong 22.30778 91.81361 Ltd. Seasonal Plant PLANT 1.33 42.5N 16.36 ESTIMATED
Dhaka 93.77191 90.41154 Diamond Cement | Cyclical, thttagong Of- OFFICE
Ltd. Seasonal fice
Dubai Cyclical
Dhaka 23.73844 90.3811 Bangladesh Y ! Corporate Office | OFFICE
] Seasonal
Cement Mills Ltd.
Dubali Cyclical
Khulna 22.81479 89.56386 Bangladesh Y ! Corporate Office | OFFICE
) Seasonal
Cement Mills Ltd.
Dubai Cyclical, | Mongla Cement CEMII
Khulna 22.50347 89.59095 Bangladesh Y ! g PLANT 0.6 7.38 ESTIMATED
Seasonal Plant 42.5N

Cement Mills Ltd.
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Indust Capacity Electric Re- Electric
City Latitude Longjtude Company Type Y Site Name Site Type (mil. Quality quirements Requirement
yp MTPA) (MW) Source
Dhaka 23.74389 | 90.39501 | Eastern Cement | Cyclical, | o) 00 o6 Office | OFFICE
Industries Ltd. Seasonal
Eastern Cement Cyclical, Shitalakshya CEM I
Dhaka 23.66802 | 9052455 | 25 e~ o | R ot PLANT 0.6 42BN 7.38 ESTIMATED
Dhaka 23.74395 | 90.39201 | Emech Cyclical, | orate Office | OFFICE
Corporation Seasonal
Dhaka 23.82324 | 90.41976 | G- M. Steel Cyclical, | o orate Office | OFFICE
Agency Seasonal
Dhaka 23.74627 | 90.37545 | GemeonGroup | Cyclical, | o) o0 o6 Office | OFFICE
Ltd. Seasonal
Khulna 2201885 | 89.5144 | GemeonGroup | Cyclical, | Khulna Cement | p )\ 05 6.15 ESTIMATED
Ltd. Seasonal Plant
Heidelberg . Lo
Chittagong | 22.27987 | 91.79556 | Cement Cyclical, | Karnaphuli River | cpop
Seasonal Office and Plant
Bangladesh Ltd.
Heidelberg Cyclical Karnaphuli River
Chittagong | 22.27987 | 91.79556 | Cement yelical, 'nap PLANT 1.45 CEM I 10.9 PUBLISHED
Seasonal Office and Plant
Bangladesh Ltd.
Heidelberg Cyclical
Dhaka 23.77563 90.41655 Cement Y ! Corporate Office | OFFICE
Seasonal
Bangladesh Ltd.
Heidelberg . .
Dhaka 23.71296 | 90.51541 | Cement Cyclical, | Shitalakshya PLANT 1.2 CEM I 14.76 ESTIMATED
Seasonal River Plant
Bangladesh Ltd.
Dhaka 23.73299 | 90.40132 | Imam Group Cyclical, | o norate Office | OFFICE
Seasonal
Dhaka 23.79384 | 90.40443 | Imam Group Cyclical, | head Office OFFICE
Seasonal
Imam Group/
Dhaka 23.89528 | 90.58861 | Seneal Tiger Cyclical, 1 oment Plant PLANT 0.1095 | CEMII 1.35 ESTIMATED
Cement Industry Seasonal
Ltd.
Imam Group/ Cvclical
Dhaka 25.04778 91.65778 Prime Cement Y ! Cement Plant PLANT 0.0365 CEM I 0.45 ESTIMATED
Ltd Seasonal
Dhaka 23.72722 | 90.42002 | Xarim Cement Cyclical, | o orate Office | OFFICE
Mills Ltd. Seasonal
Khulna 23.04167 | 89.39111 | arim Cement | Cyclical, | oo 00t wills PLANT 0.073 0.90 ESTIMATED
Mills Ltd. Seasonal
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Indust Capacity Electric Re- Electric
City Latitude Longjtude Company Type Y Site Name Site Type (mil. Quality quirements Requirement
yp MTPA) (MW) Source
Dhaka 23.76077 | 90.42077 | Khan Enterprise | 2@ | Corporate Office | OFFICE
Seasonal
Dhaka 23.78381 | 90.41655 | -efargeSurma | Cyclical, | o) o0 o6 Office | OFFICE
Cement Ltd. Seasonal
Dhaka 23.70005 | 90.51725 | -2fargeSurma | Cyclical, |\ b Depot | TERMINAL
Cement Ltd. Seasonal
Dhaka 93.6457 90.59914 Lafarge Surma Cyclical, Kutubpur Termi- TERMINAL
Cement Ltd. Seasonal nal
Lafarge Surma Cyclical, .
Dhaka 23.78412 90.33026 Cement Lid. Seasonal Mirpur Depot TERMINAL
Lafarge Surma Cyclical, .
Dhaka 23.78417 90.34295 Cement Ltd. Seasonal Dipnagor Depot TERMINAL
Khulna B | sapapppy | OT0r8€ Surma Cyclical, | \owapara Depot | TERMINAL
Cement Ltd. Seasonal
Lafarge Surma Cyclical, Surma River CEM I
Sylhet 25.03666 91.64739 Cement Ltd. Seasonal Plant PLANT 1.5 42.5N 18.45 ESTIMATED
Lafarge Surma Cyclical, Sylhet Depot
Sylhet 24.91213 | 91.8498 Cement Ltd. Seasonal | (Sales Office) TERMINAL
Dhaka 23.77136 | 90.40363 | -@fargetolcim Cyclical, | o orate Office | OFFICE
Ltd. Seasonal
Meghna River
LafargeHolcim Cyclical, Plant: Holcim CEM I
Dhaka 23.61148 | 90.61234 Ltd. Seasonal | (Bangladesh) PLANT 1 425N 12.30 ESTIMATED
Ltd
Meghna River
LafargeHolcim Cyclical, Plant: United Ce- CEM I
Dhaka 23.60889 | 90.60889 Ltd. Seasonal | ment Industries PLANT 0.7 42 5N 8.61 ESTIMATED
Ltd
Pashure River
LafargeHolcim Cyclical, Plant : Saiham CEM I
Dhaka 22.50517 | 89.58986 Ltd. Seasonal | Cement Indus- PLANT 0.5 42 5N 6.15 ESTIMATED
tries Ltd
Dhaka 23.72697 | 90.42132 | Levatus(Bangla- | Cyclical, | o) o0 o6 Office | OFFICE
desh) Ltd. Seasonal
Chittagong | 22.33134 | 91.84641 | M- Cement Gyelical, | | iason Office OFFICE
Factory Ltd. Seasonal
Dhaka 23.79312 | 90.41536 | M- Cement Cyelical, | poad office OFFICE
Factory Ltd. Seasonal
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Indust Capacity Electric Re- Electric
City Latitude Longjtude Company Type Y Site Name Site Type (mil. Quality quirements Requirement
yp MTPA) (MW) Source
M.I. Cement Cyclical, Dhaleshwari CEM I
Dhaka 2357580 | 90.50824 | Lon oSl o | Rivar prane PLANT 1.74 425N 21.40 ESTIMATED
Khulna 23.06694 | 89.37694 | MaccaCement | Cyclical, | oo 00t hils PLANT
Mills Ltd. Seasonal
Dhaka 23.74215 | 90.38484 | Madina Cement | Cyclical, | o) o0 o6 office | OFFICE
Industries Ltd. Seasonal
Madina Cement Cyclical, Meghna River CEM I
Dhaka 23.60799 | 90.60855 | G078 O oo | P PLANT 1.69 425N 20.79 ESTIMATED
Madina Cement Cyclical, Buriganga River CEM I
Dhaka 2371998 | 9035735 | +60TE EM oo | P PLANT 0.09 42BN 1.11 ESTIMATED
Meghna Cement Cyclical, Pashure River CEM I
Khulna 2251528 | 89.58667 | €1 aoea | PLANT 1 495N 12.30 ESTIMATED
Meghna Cement
Mills Ltd. Cvelical
Dhaka 23.8245 90.42966 | /Bashundara In- Y ! Corporate Office | OFFICE
. Seasonal
dustrial Complex
Ltd.
Dhaka 23.72695 | 90.41674 | Metrocem Cyclical, | o orate Office | OFFICE
Cement Ltd. Seasonal
Dhaka 23.57406 | 90.51236 | Metrocem Cyclical, | Dhaleshwari PLANT 0.13 CEM I 1.60 ESTIMATED
Cement Ltd. Seasonal River Plant
Dhaka 23.75411 | 90.37478 | MirCementLtd. | 2% | corporate Office | OFFICE
Seasonal
Dhaka 23.77077 | 905129 | MirCement Ltd, | SY¢lical: | Shitalaksha PLANT 0.18 CEM I 2.1 ESTIMATED
Seasonal River Plant 42.5N
Dhaka 23.72689 | 90.4227g | Modern Cement | Cyclical, | oo 0 oi6 office | OFFICE
Ltd. Seasonal
Dhaka 23.77839 | 90.3954 | MonglaCement | Cyclical, | o) 00 o6 Office | OFFICE
Factory Seasonal
Khulna 2246966 | 89.60659 | MonglaCement | Cyclical, | o w0t otfice OFFICE
Factory Seasonal
Khulna 2051641 | 89.5867 | MonglaCement | Cyclical, | Pashure River | o snp 0.6 CEM I 7.38 ESTIMATED
Factory Seasonal Plant 42.5N
Dhaka 23.75023 | 90.39062 | Musky Enter- Cyclical, | orate Office | OFFICE
prises Ltd. Seasonal
Dhaka 23.7803 | 90.40607 | Nitol Cement Cyclical, | & orate Office | OFFICE
Industries Ltd. Seasonal
Khulna 2312083 | 89.343g9 | Nitol Cement Cyclical, | Grey Cement PLANT 0.13 1.60 ESTIMATED
Industries Ltd. Seasonal Mills
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City Latitude Longjtude Company Type Y Site Name Site Type (mil. Quality quirements Requirement
yp MTPA) (MW) Source
Khulna 23.10806 | 89.35472 | Nitol Cement Cyclical, | White Cement | 5, s\p 0.02 0.25 ESTIMATED
Industries Ltd. Seasonal Mills
Dhaka 23.75583 | 90.37494 | NoaparaCement | Cyclical, | o\ oeice OFFICE
Mills Ltd. Seasonal
Dhaka 23.74377 | 90.383a9 | NoaparaCement | Cyclical, | o) o0 o6 office | OFFICE
Mills Ltd. Seasonal
Khulna 23.02002 | 89.40899 | NoaparaCement | Cyclical, | oo plant | PLANT 0.1 CEMII 1.23 ESTIMATED
Mills Ltd. Seasonal
Khulna 23.06333 | 89.37861 | \\oaparaCement | Cyclical, | oo 00t piis PLANT
Mills Ltd. Seasonal
Dhaka 93.75242 90.39536 Olympic Cement Cyclical, thnsons Group OFFICE
Ltd. Seasonal Office
Dhaka 23.79399 | 90.40532 | OlympicCement | Cyclical, | Olympic Cement | cp)op
Ltd. Seasonal Office
Barisal 2065186 | 90.34523 | OlympicCement | Cyclical, | Kirtonkhola PLANT 1.2 14.76 ESTIMATED
Ltd. Seasonal River Plant
Pacific Cement Cvclical
Dhaka 23.77462 90.41321 Industries (BD) Y ! Corporate Office | OFFICE
Ltd Seasonal
. Premier Cement Cyclical, Registered Of-
Chittagong | 22.32703 | 91.8107 | (TS e | e OFFICE
Dhaka 23.75122 | 90.3933 | Premier Cement | Cyclical, | o) o0 ote Office | OFFICE
Mills Ltd. Seasonal
Premier Cement Cyclical, Shitalakshya CEM I
Dhaka 2357944 | 90.51278 | S o | River Pt PLANT 2.4 425N 5.34 PUBLISHED
Dhaka 23.85134 | 90.41351 | abbaniTrading | Cyclical, | o) 00 o6 office | OFFICE
Corporation Seasonal
Chittagong | 22.32804 | 91.81223 | Roval Cement Cyclical, | orate Office | OFFICE
Ltd. Seasonal
Chittagong | 22.50231 | 91.7149¢ | Royal Cement Cyclical, | bt PLANT 1.15 10.80 PUBLISHED
Ltd. Seasonal
Dhaka 237269 | 90.42136 | RusselGroupof | Cyclical, | o) 00 te Office | OFFICE
Companies Seasonal
. S. Alam Cement Cyclical, Kharnaphuli CEM I
Chittagong | 22.31194 | 91.8579 | - ° o | el PLANT 0.43 42BN 6.00 PUBLISHED
S. Alam Cement Cyclical
Chittagong 22.33765 91.84398 Ltd. /Portman Séasonél Corporate Office | OFFICE

Cements Ltd.
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yp MTPA) (MW) Source
S. Alam Cements | o ol | Kharnaphuli CEMII
Chittagong | 22.31194 | 91.8579 | Ltd./ Portman yelical, harnap PLANT 0.18 6.00 PUBLISHED
Seasonal River Plant 42.5N
Cements Ltd.
Dhaka 23.71373 | 90.40587 | S:Co-Cement | Cyclical, | o) o0 te Office | OFFICE
Ltd. Seasonal
Dhaka 23.78847 | 90.41614 | S.B.Group Cyclical, | o orate Office | OFFICE
Seasonal
Khulna 2200808 | 89.51613 | S.B.Group Cyclical, | coment Mills PLANT 0.52 CEM I 6.40 ESTIMATED
Seasonal 42.5N
Seven Circle (BD) | Cyclical, Shitalakshya CEM I
Dhaka 23.93361 | 90.61167 | o o | River Plant PLANT 1.6 425N 15.26 PUBLISHED
Seven Circle (BD) Cyclical
Dhaka 23.7948 | 90.41492 | Ltd./Shun Shing | X' | Corporate Office | OFFICE
: Seasonal
Cement Mills Ltd.
Dhaka 23.78646 | 90.3a671 | ShahAliCement | Cyclical, | o) o0 te Office | OFFICE
Traders Seasonal
Dhaka 23.79567 | 90.41571 | Shah Cement Cyclical, | o orate Office | OFFICE
Seasonal
Dhaka 23.57022 | 90.5221 | Shah Cement Cyclical, | Dhaleshwari PLANT 5.2 CEM I 17.00 PUBLISHED
Seasonal River Plant 42.5N
Shun Shing Cyclical, Rupsa River CEM I
Khulna 2278481 | 89.5812 | oo PR L RS | PLANT 13 425N 15.26 PUBLISHED
Dhaka 23.78343 | 90.34005 | Shuvro Group Cyclical, | o orate Office | OFFICE
Seasonal
Dhaka 23.79401 | 90.40397 | Yltratech Cyclical, | o orate Office | OFFICE
Cement Seasonal
Dhaka 2357327 | 90.5127 | Ultratech Cement | &Y | ppaka plant PLANT 05 CEM I 6.15 ESTIMATED
Seasonal 32.5N
Ultratech Ce- Cyclical
Dhaka 23.79311 90.41545 ment/Emirates Y ! Corporate Office | OFFICE
Seasonal
Cement Ltd.
Unique Cement
. Industries Ltd. Cyclical, .
Chittagong 22.32706 91.81283 /Fresh Cement Seasonal Uttara Office OFFICE
Industries Ltd.
Unique Cement
Chittagong | 22.37457 | 91.77724 | 'ndustriesLtd. = Cyclical, | Chittagong De- | ) s\p 0.144 | CEMII 177 ESTIMATED
/Fresh Cement Seasonal pot

Industries Ltd.
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City Latitude Longjtude Company Type Y Site Name Site Type (mil. Quality quirements Requirement
yp MTPA) (MW) Source
Unique Cement
Dhaka 23.78732 | 90.41461 | Mdustriesbtd. ) Cyclical, 1 00 office OFFICE
/Fresh Cement Seasonal
Industries Ltd.
Unique Cement
Industries Ltd. Cyclical, Chittagong
Dhaka 23.87067 | 90.39091 /Fresh Cement Seasonal | Office OFFICE
Industries Ltd.
Unique Cement
Dhaka 23.61296 | 90.60986 | 'ndustriesitd. | Cyclical, | Meghna River | p \\r 36 CEM I 35.65 PUBLISHED
/Fresh Cement Seasonal Plant
Industries Ltd.
Unique Cement
Industries Ltd. Cyclical, .
Dhaka 23.91185 90.38895 /Fresh Cement Seasonal Tongi Depot TERMINAL
Industries Ltd.
Unique Cement
Industries Ltd. Cyclical, .
Dhaka 23.76037 | 90.39158 /Fresh Cement Seasonal Tejgaon Depot TERMINAL
Industries Ltd.
Unique Cement
Barisal 2270069 | 90.3534 | Industries Ltd. Cyelical, | g tisal Depot TERMINAL
/Fresh Cement Seasonal
Industries Ltd.
Unique Cement
Industries Ltd. Cyclical,
Rangpur 25.74457 89.27112 /Fresh Cement Seasonal Rangpur Depot TERMINAL
Industries Ltd.
Unique Cement
. . Industries Ltd. Cyclical,
Rajshahi 24.86666 89.35872 /Fresh Cement Seasonal Bogra Depot TERMINAL
Industries Ltd.
Unique Cement
Industries Ltd. Cyclical, Mowlovibazar
Sylhet 24.48961 | 91.75584 /Fresh Cement Seasonal | Depot TERMINAL

Industries Ltd.
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Indust Capacity Electric Re- Electric
City Latitude Longjtude Company Type Y Site Name Site Type (mil. Quality quirements Requirement
yp MTPA) (MW) Source
Unique Cement
Sylhet 2489096 | 91.86642 | INdustiiesltd. ) Cyclical, | o peoot PLANT 0.144 | CEMII 177 ESTIMATED
/Fresh Cement Seasonal
Industries Ltd.
Unique Cement
Mymensingh | 24.73441 | 90.40858 | 'ndustries Ltd. Cyclical, | Mymensingh De- | reppynaL
/Fresh Cement Seasonal pot
Industries Ltd.
Table A4. Materials database - India - cement (ERDC-CERL).
Indust Capacity Electric Electric
City Latitude Longjtude | Company Type ry Site Name Site Type (mil. Quality Requirements | Requirement
yp MTPA) (MW) Source
Chhattisgarh | 21.23841 | 81.38284 | ACC gg‘;';f)ar:;l Jamul Plant PLANT 2.80 CEM 143 | 34.44 ESTIMATED
Jharkland | 22.42364 | 85.75439 | ACC gg‘;‘;ﬁ;l Chaibasa Plant | PLANT 1.20 CEMI43 | 15 PUBLISHED
Jharkland 23.78715 | 86.4274 | ACC gi(;hs%ar:’al Sindri Plant PLANT 0.60 CEM143 | 7.38 ESTIMATED
Odissa 21.3728 83.61671 | ACC gg‘;';f)ar:;l Bargarh Plant PLANT 0.96 CEM 143 11.81 ESTIMATED
West Bengal | 23.63625 | 86.88793 | ACC Cyclical, | Damodhar PLANT 0.60 CEMI143 | 7.38 ESTIMATED
Seasonal Plant
Cyclical, Eastern Region
West Bengal | 22.51737 | 88.40167 | ACC Seasonal | Office (Kolkata) OFFICE
Adhunik Cement | Cyclical Adhunik
Meghalaya 25.19351 | 92.36168 Y ’ Cement Ltd. PLANT 1.5 CEM143 | 25 PUBLISHED
Ltd. Seasonal Plant
Adhunik Cement Cyclical, Registered
West Bengal | 22.577 88.3491 Ltd. Seasonal Office OFFICE
West Bengal | 2253001 | 883551 | Adhunik Cement | Cyclical, | Registered OFFICE
Ltd. Seasonal Office
Assam 26.17812 | 91.74473 | Aditi Industries Cyclical, | Corporate OFFICE
Seasonal Office
Assam 26.53187 | 92.9318 | Aditi Industries gi‘;"s?n"al Plant PLANT 0.165 CEMII 2.03 ESTIMATED
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Industry Capacity Electric Electric
City Latitude Longjtude | Company Type Site Name Site Type (mil. Quality Requirements | Requirement
yp MTPA) (MW) Source
Chhattisgarh | 21.67307 | 82.08553 | Ambuja Cement | SY¢lical | Bhataparalnte- | ) )\p 3.50 CEMII 63 PUBLISHED
Seasonal grated Plant
. Cyclical, Eastern Region
West Bengal | 22.52892 88.36863 | Ambuja Cement Seasonal Office (Kolkata) OFFICE
West Bengal | 22.56939 | 88.19445 | Ambuja Cement | SYelical | Sankrail PLANT 2.40 CEM I 20.52 ESTIMATED
Seasonal Grinding Unit
West Bengal | 24.77591 | 87.88641 | Ambuja Cement | SYolical | Farakka PLANT 1.50 CEMII 18.45 ESTIMATED
Seasonal Grinding Unit
Assam 26.17224 | 91.7965 | Amrit Cement Cyclical, | Corporate Of | op e
Seasonal fice - Guwahati
. Cyclical, Registered
Meghalaya 25.56849 91.88518 | Amrit Cement Seasonal Office - Shillong OFFICE
Cyelical Manufacturing
Meghalaya | 25.35457 | 92.32094 | Amrit Cement siason’al Site - Megha- PLANT 1 12.30 ESTIMATED
laya
West Bengal | 22.54714 | 88.36185 | Amrit Cement Cyclical, | Corporate Of | (yrp) e
Seasonal fice - Kolkata
West Bengal | 23.67628 | 87.00639 | Bakreswar Cyclical, | oot PLANT
Cement Seasonal
Assam 24.86601 | 92.58288 | Barak Valley Gyelical, 1 rssam Plant PLANT 0.27 3.37 ESTIMATED
Cements Ltd. Seasonal
Assam 26.17325 | 91.75698 | Darak Valley Cyelical, | )ccam Office | OFFICE
Cements Ltd. Seasonal
Assam 24.82318 | 92.79679 | Barak Valley Cyelical, | rosam office OFFICE
Cements Ltd. Seasonal
West Bengal | 225021 | 88.41869 | Barak Valley Cyclical, |\ kata Office | OFFICE
Cements Ltd. Seasonal
West Bengal | 23.67306 | 87.09778 | Bhabani Cement | 9Y¢%@h | pan¢ PLANT
Seasonal
Cyclical Durgapur
West Bengal | 23.5625 | 87.23508 | Birla Cement yelieal, | /Durga Hitech | PLANT 2.3 CEM Il 28.29 ESTIMATED
Seasonal
Cement Works
West Bengal | 22.57034 | 88.34997 | Birla Cement Cyclical, | Registered OFFICE
Seasonal Office
West Bengal | 22.56364 | 88.35168 | Birla Cement Cyclical, | Corporate OFFICE
Seasonal Office
Assam 25.89694 | 92.99944 | Bulland Cement gi(;“s%ar:él Plant PLANT 0.073 CEM143 | 0.90 ESTIMATED
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Industry Capacity Electric Electric
City Latitude Longjtude | Company Type Site Name Site Type (mil. Quality Requirements | Requirement
yp MTPA) (MW) Source
Assam 26.16019 | 91.77175 | Bulland Cement | O¥clical, | Corporate OFFICE
Seasonal Office
Jharkland | 23.63465 | 85.30654 | BurnapurCement | Cyclical, 1 oo o piant | PLANT 0.292 CEM 143 | 3.59 ESTIMATED
Ltd. Seasonal
West Bengal | 23.71875 | 86.95495 Et‘g”ap”roeme”t gi‘;"s?n"al Asanol Plant PLANT 0.365 CEM 143 | 4.49 ESTIMATED
West Bengal | 22.56925 | 88.35273 | Burmapur Cement | Cyclical, | Corporate OFFICE
Ltd. Seasonal Office
Assam 26.02135 | 93.76574 | Cement Corpora- | Cyclical, | Bokajan PLANT 0.3 CEM 143 | 3.69 ESTIMATED
tion of India Seasonal Cement works
Chhattisgarh | 22.00248 | 82.40883 | CementCorpora- | Cyclical, | Akaltara PLANT 0.4 CEM 143 | 4.92 ESTIMATED
tion of India Seasonal Cement Works
Chhattisgarh | 21.33519 | 81.70727 | ementCorpora- | Cyclical, | Mandhar PLANT 0.4 CEM143 | 4.92 ESTIMATED
tion of India Seasonal Cement Works
Cement Manufac- Cyclical, Jainta Hills
Meghalaya | 2517764 | 92.38928 | e MR o | PLANT 0.6 CEM143 | 7.38 ESTIMATED
Cement Manufac- Cyclical, )
West Bengal | 22.53671 88.33177 turing Co. Ltd. Seasonal Office OFFICE
Chhattisgarh | 21.498 81.78287 E&”t“"yceme”t gé(;hs%ar:él Cement Works | PLANT 2.1 CEM I 26.70 PUBLISHED
West Bengal | 24.38762 | 88.09586 | Century Cement | Cyclical, | SonarBangla | ) s\p 15 CEM Il 18.45 ESTIMATED
Ltd. Seasonal (Grinding Unit)
Assam 2551203 | 92.7645 | DalmiaCement | Cyclical, | Assam Cement | p s\p 1.72 CEMI143 | 21.16 ESTIMATED
Ltd. Seasonal Plant
. . East Regional
Jharkland 23.35674 | 85.3244 | Dalmia Cement Cyclical, 1 etice OFFICE
Ltd. Seasonal
(Jharkland)
Jharkland | 23.6788 | 86.0737g | DalmiaCement | Cyclical, | Bokaro Cement | p sy 21 CEM 143 | 25.83 ESTIMATED
Ltd. Seasonal Plant
Meghalaya | 25.22674 | 92.38122 | Daimia Cement Cyclical, | Meghalaya PLANT 1.64 CEM143 | 20.20 ESTIMATED
Ltd. Seasonal Cement Plant
Dalmia Cement Cyclical, East Regional
West Bengal | 22.54137 | 88.36658 | | Stasanal | Office (Kolkatay | OFFICE
West Bengal | 23.67389 | 87.0977g | Damodar Cement | Cyclical, | o PLANT
Industries Ltd. Seasonal
Assam 26.12154 | 91.89618 | Delta Cement Cyclical, | oot PLANT
Seasonal
Chhattisgarh | 21.6281 | 82.11739 | Emami Cement ggﬁ:& Plant PLANT 25 CEM143 | 40 PUBLISHED
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City Latitude Longjtude | Company Type Site Name Site Type (mil. Quality Requirements | Requirement
yp MTPA) (MW) Source
West Bengal | 22.51677 | 88.40206 | Emami Cement Cyclical, ) Corporate OFFICE
Seasonal Office
Goldstone Cyclical, Jainta Hills
Meghalaya | 25.20093 | 9235124 | Jo°°°0¢ o | PLANT 2.54 40 PUBLISHED
Goldstone Cyclical, Corporate
West Bengal | 22.55383 | 88.35668 | coo o0 o | ot OFFICE
Assam 26.16722 | 91.76642 | Green Valiey Cyclical, | & wahati Office | OFFICE
Industries Ltd. Seasonal
Green Valliey Cyclical, Jainta Hills
Meghalaya | 25.24035 | 9238979 | "o¢T 18NS o | PLANT 1 12.30 ESTIMATED
Green Valliey Cyclical, Group Corpo-
West Bengal | 22.54185 88.34928 Industries Ltd. Seasonal rate Office OFFICE
Bihar 26.12115 | 85.36625 | Heidelberg Cyclical, | Muzaffarpur Of- | ep)op
Cement Seasonal fice
Bihar 2561363 | 85.11463 | Heidelberg Cyelical, | b1 Office OFFICE
Cement Seasonal
Chhattisgarh | 22.07879 | 82.14528 | Heidelberg Cyclical, | Bilaspur OFFICE
Cement Seasonal Office
West Bengal | 23.5301 | 87.34005 | J3gdamba Cyclical, | oot PLANT 0.1 CEM143 | 1.23 ESTIMATED
Industries Ltd. Seasonal
Jagdamba Cyclical, Communication
West Bengal | 22.58213 | 8g.4182 | °8CEM8 ood | oo OFFICE
Jagdamba Cyclical, Registered
West Bengal | 22.63437 | 88.41368 | 95C°M8 o | o OFFICE
Chhattisgarh | 21.18448 | 81.36652 | Jaypee Cement Cyclical, | Bhilai Grinding | o \ny 2.2 CEMII 27.06 ESTIMATED
Seasonal Plant
Jharkland | 23.69929 | 86.06415 | Jaypee Cement | oyelical | BokaroCement | o 4y 21 CEM Il 25.83 ESTIMATED
Seasonal Plant
Chhattisgarh | 21.35707 | 81.40699 | 2K Lakshmi Cyclical, | Durg Cement | p) \\p 27 CEMI143 | 3321 ESTIMATED
Cement Seasonal Plant
Arunachal Cyclical, Arunachal
Dradoch 28.22877 | 94.72224 | Jud Cements Ltd. | g2 | pEOEAIT | TERMINAL
Assam 26.16094 | 91.77362 | Jud Cements Ltd. | Syelical | Corporate OFFICE
Seasonal Office
Assam 26.49218 | 90.55071 | Jud Cements Ltd. | yehical | LowerAssam | rpppyna)
Seasonal Depot
Assam 26.14278 | 91.72894 | Jud Cements Ltd. gé(;hs%ar:él Guwahati Depot | TERMINAL
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Indust Capacity Electric Electric
City Latitude Longjtude | Company Type Y Site Name Site Type (mil. Quality Requirements | Requirement
yp MTPA) (MW) Source
Assam 26.33999 | 92.67518 | Jud Cements Ltd. gé(;hs%ar:él Nagaon Depot | TERMINAL
Assam 24.86368 92.5623 Jud Cements Ltd. Cyclical, Badarpor Depot | TERMINAL
Seasonal
Assam 26.65023 92.78736 | Jud Cements Ltd. Cyclical, Tezpur Depot TERMINAL
Seasonal
Assam 24.83408 | 92.77574 | Jud Cements Ltd. | Y% | Siichar Depot | TERMINAL
Seasonal
Assam 26.52415 | 93.96244 | Jud Cements Ltd. | 2Y1%8h | Golaghat Depot | TERMINAL
Seasonal
Assam 26.74833 | 94.20453 | Jud Cements Ltd. | YN%8h | jorhatDepot | TERMINAL
Seasonal
Assam 27.22382 | 94.09388 | Jud Cements Ltg. | Syelical | Lakhimpur TERMINAL
Seasonal Depot
Assam 26.9827 94.64213 | Jud Cements Ltd. Cyclical, Sibsagar Depot | TERMINAL
Seasonal
Assam 27.47245 | 94.90867 | Jud Cements Ltd. | Syelical | Dibrugarh TERMINAL
Seasonal Depot
Assam 27.49177 | 95.34538 | Jud Cements Ltd. gé(;hs%ar:él Tinsukia Depot | TERMINAL
Manipur 2467112 | 93.75792 | Jud Cements Ltd. | &Y% | Manipur Depot | TERMINAL
Seasonal
Meghalaya | 25.19043 | 92.403 Jud Cements Ltd. gi‘;"s?n"al Factory Site PLANT 05 CEMI143 | 6.15 ESTIMATED
Meghalaya | 25.58016 | 91.89586 | Jud Cements Ltd. gé(;hs%ar:él Shillong Depot | TERMINAL
Mizoram 23.44734 92.74032 | Jud Cements Ltd. gi(;“sf)anlyal Mizoram Depot | TERMINAL
Nagaland 26.03784 | 94.5635 | Jud Cements Lta. | ovelical | Nagaland TERMINAL
Seasonal Depot
Tripura 23.83144 | 91.28334 | Jud Cements Ltd. gé(;hs%ar:él Agartala Depot | TERMINAL
Tripura 24.37939 | 92.14933 | Jud Cements Ltd, | SYelical | Dharmanagar | reppynap
Seasonal Depot
Bihar 24.67044 | 83.98921 | Kalyanpur Cyclical, | Banjari Cement | p) iy 1 12.30 ESTIMATED
Cements Ltd. Seasonal Works
Bihar 25.61493 | 85.14224 | Kalvanpur Cyclical, | 024 Office OFFICE
Cements Ltd. Seasonal
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Indust Capacity Electric Electric
City Latitude Longjtude | Company Type ry Site Name Site Type (mil. Quality Requirements | Requirement
yp MTPA) (MW) Source
West Bengal | 23.6775 | 87.14 Kamdhenu Cyclical, | oot PLANT 15
Cement Seasonal
West Bengal | 23.6125 | 87.15028 | Khaitan Cement | Y¢%8h | pane PLANT
Seasonal
Chhattisgarh | 21.73218 | 82.21352 | Lafarge Cyclical, | Sonadih PLANT 275 CEM I 33.83 ESTIMATED
Seasonal Cement Plant
Chhattisgarh | 21.96638 | 82.35214 | Lafarge Cyclical, | Arasmeta PLANT 2.75 CEMII 33.83 ESTIMATED
Seasonal Cement Plant
Jharkland | 22.7539 | 86.24462 | Lafarge Cyclical, | Jojobera PLANT 275 CEM I 33.83 ESTIMATED
Seasonal Cement Plant
Cyclical, East Regional
West Bengal | 22.59854 88.40292 | Lafarge Seasonal Office (Kolkata) OFFICE
West Bengal | 23.46041 | 87.1348 | Lafarge Cyclical, | Mejia Cement | py \ny 2.75 CEMII 33.83 ESTIMATED
Seasonal Plant
West Bengal | 23.6175 | 87.14722 | Mangalpur Cyclical, | ot PLANT
Cement Seasonal
Meghalaya | 25.25991 | 91.71239 | Mawmluh-Cherra | Cyclical, | p PLANT 0.2 2.46 ESTIMATED
Cements Ltd. Seasonal
Mawmluh-Cherra Cyclical, Corporate
Meghalaya | 2557862 | 91.89316 | 4o HT- o | ot OFFICE
West Bengal | 23.61222 | 87.14389 | MB Group Cyclical, | Shristi Cement | )y
Seasonal Plant
Meghalaya Cyclical, Registered
Assam 26.1553 91.7794 Cements Ltd. Seasonal Office OFFICE
Meghalaya | 25.20392 | 92.3783g | Meghalaya Cyclical, | oot PLANT 1.314 CEM143 | 10 PUBLISHED
Cements Ltd. Seasonal
Meghalaya Cyclical, Corporate
West Bengal | 22.59733 | 88.41265 | o802 O e | o OFFICE
Bihar 255808 | 84.86562 | NrmanCements | Cyclical, | oo 0 site PLANT
Ltd. Seasonal
Bihar 25.61001 | 85.14165 | \Nirman Cements | Cyclical, | Corporate OFFICE
Ltd. Seasonal Office
Assam 2558722 | 92.01028 | None Cyclical, | Mawpdang PLANT
Seasonal Cement Plant
Meghalaya 25.60472 91.18056 | None Cyclical, Cement Factory | PLANT
Seasonal
Odissa 22.19762 | 84.58726 | OCL India Ltd. Cyclical, | Rajgangpur PLANT 4 CEMI143 | 49.20 ESTIMATED
Seasonal Cement Plant
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City Latitude Longjtude | Company Type ry Site Name Site Type (mil. Quality Requirements | Requirement
yp MTPA) (MW) Source
Odissa 20.62531 | 85.995 OCL India Ltd. Cyclical, | Kapilash PLANT 1.35 CEM143 | 16.61 ESTIMATED
Seasonal Cement Works
West Bengal | 22.57265 | 88.36395 | OCL India Ltd. Cyclical, | o4 Office OFFICE
Seasonal
West Bengal | 23.71306 | 86.94417 | OmniCement Pvt. | Cyclical, — | Mini Cement PLANT
Ltd. Seasonal Plant
Odissa 20.29569 | 85.83503 | Orient Cement Cyclical, | Bhubaneshwar | ep)op
Seasonal Office
Purbanchal Cyclical, Corporate
Assam 2611281 | 91.79808 | (o 90Ce ood | o OFFICE
Assam 26.06057 | 91.88338 | "urbanchal Cyclical, | ot PLANT 0.4 CEM 143 | 4.94 ESTIMATED
Cement Ltd. Seasonal
Purbanchal Cyclical, Registered
West Bengal | 22.54425 | 88.36039 | o onC 18 o | Ot OFFICE
Assam 26.11319 | 91.89145 | RakshaCements | Cyclical, | oo\ gite PLANT 0.06 CEMI43 | 0.74 ESTIMATED
Pvt Ltd. Seasonal
Raksha Cements Cyclical, Corporate
Assam 2616018 | 9177173 | oo e o | ot OFFICE
West Bengal | 22.42199 | 87.86247 | Ramco Cement Cyclical, | Kolaghat PLANT 0.95 CEM 143
Seasonal Grinding Unit
West Bengal | 22.36836 | 87.02525 | Rashmi Group gg(;“sf)anl& Cement Works | PLANT 0.2 CEM143 | 2.46 ESTIMATED
West Bengal | 22.54466 | 88.35882 | Rashmi Group Cyclical, | Registered OFFICE
Seasonal Office
West Bengal | 22.54144 | 88.36643 | Rashmi Group Cyclical, | Corporate OFFICE
Seasonal Office
Jharkland | 23.69235 | 85.51652 | Rishi Cement Cyclical, | oo ment Works | PLANT 0.3 CEM 143 | 3.69 ESTIMATED
Company Ltd. Seasonal
Rishi Cement Cyclical, Corporate
West Bengal | 2251416 | 8832793 | o o0 SRR o | ot OFFICE
Assam 26.16835 | 91.76404 | RN\BCements (P) | Cyclical, ) Corporate OFFICE
Ltd. Seasonal Office
RNB Cements (P) Cyclical, Registered
Meghalaya 25.57625 91.88137 Ltd. Seasonal Office OFFICE
Meghalaya | 25.66446 | 91.91109 | RN\BCements(P) | Cyclical, — | p PLANT 0.438 CEMI143 | 10 PUBLISHED
Ltd. Seasonal
RNB Cements (P) Cyclical, Corporate
Meghalaya | 2557775 | 918815 | |\ o | ot OFFICE
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City Latitude Longjtude | Company Type Site Name Site Type (mil. Quality Requirements | Requirement
yp MTPA) (MW) Source
West Bengal | 23.67361 | 87.09944 | Satwick Cement | 2Y¢%@h | pane PLANT
Seasonal
Odissa 2224224 | 84.80019 | Shiva Cement Ltd. | S¥elical | Corporate OFFICE
Seasonal Office
Odissa 2223448 | 84.7418 | Shiva Cement Lta. | Sychical | Kalunga PLANT 13 CEM143 | 15.99 ESTIMATED
Seasonal Cement Works
Odissa 2221194 | 84.43041 | Shiva Cement Ltd. | Syehical | Telighana PLANT 1.3 CEM143 | 15.99 ESTIMATED
Seasonal Cement Works
Bihar 24.77518 | 84.35119 | Shree Cement Cyclical, | Bihar Grinding | p) ANy 2 CEMI143 | 12 PUBLISHED
Seasonal Unit
Chhattisgarh | 21.60725 | 82.08349 | Shree Cement Cyclical, | Chhattisgarh PLANT 26 CEMI43 | 113 PUBLISHED
Seasonal Cement Plant
West Bengal | 22.57529 | 88.34689 | Shree Cement Cyclical, | Corporate OFFICE
Seasonal Office
West Bengal | 23.61556 | 87.1475 | Shyam Group Cyclical, | ot PLANT
Seasonal
West Bengal | 22.56704 | 88.35387 | Shyam Group Cyclical, | Registered OFFICE
Seasonal Office
West Bengal | 22.56811 | 88.35599 | Shyam Group Cyelical, | \1ain Office OFFICE
Seasonal
West Bengal | 23.67583 | 87.14778 | Srijan Cement gg(;“sf)anl& Plant PLANT 0.6 CEMI 7.38 ESTIMATED
Assam 26.1738 | 91.73222 | TajCementLtg. | S¥clical. | Corporate OFFICE
Seasonal Office
Meghalaya | 25.22583 | 92.38417 | TajCement Ltd. Cyclical, | Registered Of- | ) 5y 1 CEM143 | 10 PUBLISHED
Seasonal fice and Works
Assam 25.08365 | 90.77953 | Ultrabond Cement | S¥elical | Corporate OFFICE
Seasonal Office
Assam 26.18171 | 91.73852 | Ultrabond Cement | Cychical | Corporate Of | opop
Seasonal fice
cyelical Rawan Cement
Chhattisgarh | 21.57755 | 82.02042 | Ultratech Cement S}elason’al Works (Compo- | PLANT 3.3 CEM143 | 453 PUBLISHED
site Plant)
Cvelical Hirmi Cement
Chhattisgarh | 21.54372 81.94731 | Ultratech Cement Séason’al Works (Compo- PLANT 1.9 CEM 143 23.37 ESTIMATED
site Plant)
cyelical Jharsuguda
Odissa 21.8914 | 84.09831 | Ultratech Cement | Y@ | Cement Works | PLANT 0.767 CEM143 | 9.43 ESTIMATED
Seasonal | linding Unit)
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Industry Capacity Electric Electric
City Latitude Longjtude | Company Type Site Name Site Type (mil. Quality Requirements | Requirement
yp MTPA) (MW) Source
cvelical West Bengal
West Bengal | 23.49281 | 87.36227 | Ultratech Cement Sy ! Cement Works PLANT 2.19 CEM 143 26.94 ESTIMATED
easonal L ]
(Grinding Unit)
Table A5. Materials database - Myanmar - cement (ERDC-CERL).
Indust Capacity Quak Electric Re- | Electric Re-
City Latitude Longjtude Company Type ry Site Name Site Type (mil. it quirements | quirement
yp MTPA) y (MW) Source
Mandalay 2157836 | 96.23386 | Arr Thit Man Cyclical, | Kyaukse Ce- | o) sy 1.825 22.45 ESTIMATED
Seasonal | ment Plant
Cyclical Pinlaung
Shan 20.10867 96.7839 Dragon Cement Y ! Cement PLANT 0.24 2.95 ESTIMATED
Seasonal
Plant
Cyclical, )
Yangon 16.83046 96.12183 Dragon Cement Head Office | OFFICE
Seasonal
Jiangsu Pengfei
Mandalay | 21.58703 | 96.20809 | &roupCo.Ltd./ | Cyclical, | Kyaukse Ce- | o )\ 0.9 11.07 ESTIMATED
Tigerhead Ce- Seasonal | ment Plant
ment
Jiangsu Pengfei
Group Co. Cyclical Kyaukse Ce-
Mandalay 2158703 | 96.20809 | Ltd./AAA Cement | -Y°'ca: Y PLANT 0.36 4.43 ESTIMATED
. Seasonal | ment Plant
International Co.
Ltd.
Jiangsu Pengfei
Group Co. Cyclical
Mandalay 21.97637 96.08242 Ltd./AAA Cement Y ! Head Office | OFFICE
. Seasonal
International Co.
Ltd.
Jiangsu Pengfei
Group Co. Cyclical Yangon
Yangon 16.82437 | 96.12886 | Ltd./AAA Cement A ! 8 OFFICE
) Seasonal | Office
International Co.
Ltd.
Mandalay Ce- cyelical
Mandalay 21.9305 96.11049 ment Industries Y ! Head Office OFFICE
Ltd Seasonal
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Indust Capacity Quak Electric Re- | Electric Re-
City Latitude Longjtude Company Type ry Site Name Site Type (mil. it quirements | quirement
yp MTPA) y (MW) Source
Mandalay Ce- Cyclical Kyaukse Ce-
Mandalay 21.58703 96.20809 ment Industries Y ! Y PLANT 0.15
Ltd Seasonal | ment Plant
Mandalay | 21.58703 | 96.20809 | MawkeinnayCe- | Cyclical, | Cement PLANT 0.002 0.02 ESTIMATED
ment Seasonal | Plant
Bago 19.51525 | 96.39917 | Max Cement Cyclical, | Taung Phi- | o \\y 0.18 CEMI 1 4 15 PUBLISHED
Seasonal | Lar Plant 425
Mandalay | 20.77503 | 96.40063 | Max Cement Cyclical, | PyiNyaung | o snp 0.18 CEMT 1 5 00 PUBLISHED
Seasonal | Plant 42.5
Yangon 16.78566 | 96.15593 | Max Cement Cyclical, | ood Office | OFFICE
Seasonal
Myanmar cyelical Hpa An
Kayin 16.88544 | 97.61249 | Economic Y ! Cement PLANT 0.24 2.95 ESTIMATED
) Seasonal
Corporation Plant
Myanmar Cvelical Hpa An
Kayin 16.88544 97.61249 Economic Y ! Cement PLANT 1.20 14.76 ESTIMATED
- Seasonal
Corporation Plant
Myanmar cyelical Hsinmin
Mandalay 16.87636 | 97.64473 | Economic Y ! Cement Ltd. | PLANT 0.12 1.48 ESTIMATED
) Seasonal
Corporation Plant
Myanmar Cyclical Corporate
Yangon 16.78341 | 96.12694 | Economic yelical, P OFFICE
) Seasonal | Office
Corporation
Naypyidaw Cyclical, | -eWe CEMI
Bago 19.46808 | 96.38829 | Development Y ! Naypyidaw PLANT 0.15 1.85 ESTIMATED
: Seasonal 52.5
Committee Plant
Yangon 16.77097 | 96.15675 | Shwe Taung Cyclical, | Corporate | (yrp)op
Seasonal | Office
Shwe Taung/ Cyclical, Mandalay
Mandalay 21.95969 | 96.10833 Apache Cement | Seasonal | Office OFFICE
Mandalay | 20.8672 | 96.39083 | Shwe Taung/ Cyclical, | PyiNyaung | o snp 0.5 CEM | 6.15 ESTIMATED
Apache Cement Seasonal | Plant |
Yangon 16.80584 | 96.17187 | Shwe Taung/ Cyclical, | ood Office | OFFICE
Apache Cement Seasonal
Shwe Taung/
Yangon 16.80834 | 96.19501 | High Tech Cyelical, | oad Office | OFFICE
Concrete Co. Seasonal
Ltd.
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Indust Capacity Quak Electric Re- | Electric Re-
City Latitude Longjtude Company Type ry Site Name Site Type (mil. it quirements | quirement
yp MTPA) y (MW) Source
Mandalay 21.6 96.2568 | onminn Cement | Cyclical, | Kyaukse Ce- | b )y 0.84 CEM | 1033 ESTIMATED
Industry Co. Ltd. Seasonal | ment Plant |
Sinminn Cement | Cyclical, Corporate
Mandalay 21.97328 | 96.10465 Industry Co. Ltd. | Seasonal | Office OFFICE
Mandalay | 21.26929 | 95.44368 | Tee Kyit Cement | yolical | Tee KyitCe- | o \\r 0.002
Seasonal | ment Plant
The Republic of No. (32)
Ayeyarwaddy | 18.30653 | 95.18559 | theUnion of My- 1 Cyclical, | Heawyin-— 1 p \np 0.48 CEMI | 5.90 ESTIMATED
anmar, Ministry Seasonal | dustry
of Industries (Kyangin)
The Republic of No. (33)
Mandalay 2150812 | 96.22703 | theUnion of My- 1 Cyclical, - Heavy PLANT 0.15 CEMI | 1.85 ESTIMATED
anmar, Ministry Seasonal | Industry
of Industries (Kyaukse)
The Republic of .
. . Ministry of
Bago 19.8202 | 96.14021 | theUnionof My- 1 Cyclical, 1 e | OFFICE
anmar, Ministry Seasonal
. No. 2
of Industries
The Republic of No. (31)
Magway 19.30701 | 95.18027 | theUnion of My- | Cyclical, | Heavy PLANT 0.36 CEM | | 4.43 ESTIMATED
anmar, Ministry Seasonal | Industry
of Industries (Thayet)
Union of Myan- cyelical
Yangon 16.7698 96.1815 mar Economic Y ! Head Office | OFFICE
. Seasonal
Holdings Ltd.
Union of Myan- Cvelical Kyaukse
Yangon 21.58703 96.20809 mar Economic Y ! Cement PLANT 0.21 2.58 ESTIMATED
) Seasonal
Holdings Ltd. Plant
Yangon City cyelical Thazi
Mandalay 20.8626 96.0514 Development A ! Cement PLANT 0.18 2.24 ESTIMATED
: Seasonal
Committee Plant
Yangon City Cvelical
Yangon 16.77513 96.1599 Development Y ! Head Office | OFFICE
. Seasonal
Committee
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Table A6. Materials database - Bangladesh - concrete (ERDC-CERL).

Industry Site Capacity Electric Electric
City Latitude Longjtude Company Type Site Name Type (cuft/mo) Requirements | Requirement
yp yp (MW) Source
Dhaka 23.914625 90.320852 ABC Ltd. Regular Ashulia Plant | PLANT | 200000 0.30 ESTIMATE
Dhaka | 24.101307 | 90.432724 | ABC Ltd. Regular ?I""ajst”drap”r PLANT | 150000 0.30 ESTIMATE
Dhaka | 23.793821 90.406009 ABC Ltd. Regular gi’fzggrate OFFICE
Dhaka | 23.748983 90.39237 Abdul Monem Ltd. | Regular | Corporate OFFICE | 75000 ESTIMATE
Head Office
Advanced
Dhaka 23.89416667 | 90.33222222 | Development and Regular Ashulia Plant | PLANT | 734545.14 | 0.30 ESTIMATE
Technology Ltd.
Advanced Devel-
Headquar-
Dhaka 23.798469 90.413386 opment and Tech- | Regular ters OFFICE
nology Ltd.
Dhaka 23.62514 90.514675 AKIJ Cement Regular Plant PLANT 650000 0.30 ESTIMATE
Dhaka | 23.747045 90.370401 Amin Mohammad | g jq | COrporate Of | oepioe
Group fice
Dhaka | 23.93975 90.283129 gr:)'SpMOhammad Regular | Factory PLANT 0.30 ESTIMATE
Bangladesh
Dhaka 23.760744 90.355663 Development and Regular Office OFFICE
Consultants Ltd.
Dhaka | 23.780598 90.416252 Bestec Group Regular ﬁggporate O | oFFICE
Dhaka 23.788701 90.536858 Bestec Group Regular Factory PLANT 0.30 ESTIMATE
Concord Ready Corporate
Dhaka 23.794999 90.413087 Mix & Concrete Regular porate OFFICE
Head Office
Products Ltd.
Concord Ready
Dhaka 23.760093 90.390707 Mix & Concrete Regular Tejgaon Unit | PLANT | 200000 0.30 ESTIMATE
Products Ltd.
Concord Ready Mohammad-
Dhaka 23.765854 90.358284 Mix & Concrete Regular pur Unit PLANT 200000 0.30 ESTIMATE

Products Ltd.
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Industry Site Capacity Electric Electric
City Latitude Longjtude Company Type Site Name Type (cuft/mo) Requirements | Requirement
yp yp (MW) Source
Concord Ready
Dhaka 24.028017 90.38497 Mix & Concrete Regular Shalna Unit PLANT | 200000 0.30 ESTIMATE
Products Ltd.
Concord Ready Tetuitola
Dhaka 23.610509 90.605489 Mix & Concrete Regular Concrete PLANT 200000 0.30 ESTIMATE
Products Ltd. Block Unit
Concord Ready Concrete
Dhaka 23.542134 90.531423 Mix & Concrete Regular Load Bearing | PLANT | 200000 0.30 ESTIMATE
Products Ltd. Products
Concord Ready
Dhaka 23.610509 90.605489 Mix & Concrete Regular Roof Tile Unit | PLANT | 200000 0.30 ESTIMATE
Products Ltd.
Concord Ready
Dhaka 24.028017 90.38497 Mix & Concrete Regular Tiles Unit PLANT 200000 0.30 ESTIMATE
Products Ltd.
Crown Cement
Concrete and
Dhaka 23.878217 90.347768 Building Products Regular Factory PLANT 0.30 ESTIMATE
Ltd.
GBB (Gulbox Corporate
Dhaka 23.769689 90.390029 Bhuiyan Ltd.) Regular Office OFFICE
Dhaka | 23.769689 | 90.390029 GBB (Gulbox Regular | Plant PLANT | 25000 0.30 ESTIMATE
Bhuiyan Ltd.)
Dhaka | 23.7732883 | 90.3416276 | Mir Concrete Regular | Gabtoli Plant | PLANT 0.30 ESTIMATE
Products Ltd.
Mir Concrete Corporate
Dhaka 23.754107 90.374781 Products Ltd. Regular Office OFFICE
Navana Registered
Dhaka 23.729287 90.415879 Construction Ltd. Regular Office OFFICE
Navana .
Dhaka 23.770727 90.41088 Construction Ltd. Regular Office OFFICE
Dhaka | 23.743741 90.383472 Navana Regular | Head Office | OFFICE | 150000 0.30 ESTIMATE
Construction Ltd.
Dhaka | 23774184 | 90340984 | (o= ReadyMix Regular | Factory PLANT | 2387272 | 0.30 ESTIMATE
Dhaka | 23.772908 | 90.413323 NDE Ready Mix Regular | Corporate OFFICE
Concrete Head Office
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Industry Site Capacity Electric Electric
City Latitude Longjtude Company Type Site Name Type (cuft/mo) Requirements | Requirement
yp yp (MW) Source
Dhaka | 23.937523 90.286316 ggtng:y Mix Regular | Plant PLANT 0.30 ESTIMATE
Dhaka | 23.822075 | 90.365334 | >enaKalyan Regular | Batehing PLANT | 214242.33 | 0.30 ESTIMATE
Sangstha Plant
Dhaka 23.77799 90.344157 Shah Cement Regular | Gabtoli Plant | PLANT | 200000 0.30 ESTIMATE
Dhaka 23.911427 90.389174 Shah Cement Regular Tongi Plant PLANT 200000 0.30 ESTIMATE
Dhaka | 23.737345 90.408344 Toma Group Regular 8?;'23“6 OFFICE | 84166.63
Dhaka | 23.777862 90.373418 Virtual Regular 8?;'23“6 OFFICE
Table A7. Materials database - Bangladesh - iron (ERDC-CERL).
. . Capacity | Electric Electric
City Latitude Longjtude sPiroe:l Company _Irndléstry Site Name ?'tee (mil. Requirements | Requirement
yp yp MTPA) (MW) Source
Chittagong | 21.41619 91.98332 A Regular | Bangladesh DEPOSIT
Heavy Minerals
Table A8. Materials database - India - iron (ERDC-CERL).
Indust Capacity Electric Electric
City Latitude Longjtude Precision | Company Type Y | site Name Site Type | (mil. Requirements Requirement
yp MTPA) (MW) Source
Bihar 24.9992 86.0002 A Regular | Chirla DEPOSIT
Alliance Sponge Iron
Chhattisgarh | 21.585061 81.702939 A Integrated Regular pong PLANT 0.5
. Plant
Metallics Ltd.
Chhattisgarh | 22.014354 83.402977 A ‘L\t”éa”'Stee' Regular ﬁfﬂge Iron PLANT 0.102 12 PUBLISHED
Godawari Sponge Iron
Chhattisgarh 21.369973 81.684679 S Power and Is- | Regular PIF;ntg PLANT 0.495
pat Ltd.
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Indust Capacity Electric Electric
City Latitude Longjtude Precision | Company Type Y Site Name Site Type | (mil. Requirements Requirement
yp MTPA) (MW) Source
Shri Bajrang
Chhattisgarh 21.293755 81.615774 S Goel Group Regular Power and PLANT 0.128
Ispat Ltd.
Chhattisgarh | 21.88716 83509233 | A :_T; Syner®y | pegular ﬁl‘;ﬂge Iron PLANT 03
. Jai Balaji Sponge Iron
Chhattisgarh | 21.195201 81.209784 S Steel Pvi. Ltd. Regular Plant PLANT 0.12
. Jayaswal Sponge Iron
Chhattisgarh 21.354942 81.672034 S Neco Ltd. Regular Plant PLANT 0.255
Jindal Steel Snonge Iron
Chhattisgarh 21.93083333 | 83.34277778 | S and Power Regular PIF;ntg PLANT 1.32 894 PUBLISHED
Ltd.
. Monnet ) )
Chhattisgarh 21.251376 81.62969 S Group Regular Registered Office | OFFICE
Chhattisgarh | 21.243864 | 81.770947 | S Monnet Regular | Monnetispatand | o »yp 05
Group Power Ltd.
Chhattisgarh | 21.226538 | 81.773203 | S Monnet Regular | Monnetispatand | o 5y 03
Group Power Ltd.
MSP Steel Sponge Iron
Chhattisgarh | 21.878179 83.554968 A and Power Regular Plr;ntg PLANT 0.192
Ltd.
MSP Steel
Chhattisgarh 21.897398 83.394954 S and Power Regular Corporate Office OFFICE
Ltd.
Nalwa Steel Sponsge Iron
Chhattisgarh 22.021991 83.380209 S and Power Regular PIF;ntg PLANT 0.198
Ltd.
National
Chhattisgarh | 18.7000008 | 81.25 A Mineral Regular | Mineat DEPOSIT | 9
Development Bailadila
Corp. Ltd.
Chhattisgarh | 20.47959 80.98032 A Regular | Kauchar DEPOSIT
Deposit
Chhattisgarh 18.60806 81.24201 A Regular Bailadila No. 14 DEPOSIT
Chhattisgarh | 20.69957 80.63033 A Regular | Kankar DEPOSIT
Chhattisgarh | 18.61643 81.23364 A Regular | BaladilaNo. 14 hepog)r

Mine
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Indust Capacity Electric Electric
City Latitude Longjtude Precision | Company Type Y Site Name Site Type | (mil. Requirements Requirement
yp MTPA) (MW) Source
Chhattisgarh | 18.68308 81.21698 A Regular ga,\'/'lf‘:;'a No.11- | peposiT
Chhattisgarh | 18.68308 81.20031 A Regular ,\BA?::d"a No-5 | peposiT
Chhattisgarh 18.69585 81.19501 A Regular Bailadila No. 5 DEPOSIT
Chhattisgarh 18.7000008 81.4667 A Regular Bailadila DEPOSIT
Chhattisgarh | 21.88694444 | 82.04861111 | S Nova Iron Regular | SPongelron PLANT 0.15
and Steel Plant
Prakash Corporate
Chhattisgarh | 21.262881 81.614732 S Industries Regular P OFFICE
Ltd Office
Prakash Steel and Power
Chhattisgarh 22.0323 82.651906 A Industries Regular PLANT 0.45
Ltd. Complex
Sarda Energy
Chhattisgarh 21.365716 81.681588 S and Minerals Regular Works PLANT 0.21
Ltd.
Sarda Energy
Chhattisgarh 21.365716 81.681588 S and Minerals Regular Head Office OFFICE
Ltd.
Sarda Energy
Chhattisgarh 21.908255 83.390436 A and Minerals Regular Raigarh Office OFFICE
Ltd.
. Shiv Shakti Sponge Iron
Chhattisgarh 21.95277778 | 83.47638889 | S Steel Pyt Ltd. Regular Plant PLANT 0.1
. . API Ispat Power-
Chhattisgarh | 21.254911 81.651966 A Shiva Group Regular tech Pvt. Ltd. PLANT 0.105
Singhal Enter-
Chhattisgarh 21.252696 81.667876 S prises Pvt. Regular Corporate Office OFFICE
Ltd.
Singhal Enter- Sponsge Iron
Chhattisgarh | 21.252696 81.667876 A prises Pvt. Regular Plr;ntg PLANT 0.194
Ltd.
Chhattisgarh | 21.39111111 | 81.64666667 | S ons lspat Regular | SPOnEeIron PLANT | 0.27 85 PUBLISHED
. SKS Ispat Corporate
Chhattisgarh 21.277809 81.601488 S Pvt. Ltd. Regular Office OFFICE
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Indust Capacity Electric Electric
City Latitude Longjtude Precision | Company Type Y Site Name Site Type | (mil. Requirements Requirement
yp MTPA) (MW) Source
Steel
Chhattisgarh | 21.19952 81.28031 A Authority of Regular | Dhalli-Rajhara DEPOSIT
India Ltd.
Steel
Chhattisgarh 21.1800003 81.28 A Authority of Regular Mine DEPOSIT 7
India Ltd.
Sunil Ispat Sponsge Iron
Chhattisgarh | 21.249779 81.635231 S and Power Regular Plr;ntg PLANT 0.105
Ltd.
Sunil Ispat Sponse Iron
Chhattisgarh | 21.255017 81.646215 A and Power Regular PIF;ntg PLANT 0.115
Ltd.
Chhattisgarh 21.257447 81.561251 A Tirupati Steel Regular Head Office OFFICE
. Topworth Crest Steel and
Chhattisgarh | 21.189587 81.199811 S Steel Pvt. Ltd. Regular Power Ltd. PLANT 0.115
. Topworth Sponge Iron
Chhattisgarh 21.188091 81.211992 S Steel Pyt Ltd. Regular Plant PLANT
. Vandana Corporate
Chhattisgarh 21.232994 81.658278 S Global Ltd. Regular Office OFFICE
. Vandana Sponge Iron
Chhattisgarh | 21.251901 81.625084 A Global Ltd. Regular Plant PLANT 0.216
Ashirwad Sponge Iron
Jharkhand 22.802241 86.116655 A Steels and In- | Regular pong PLANT
: Plant
dustries Ltd.
Jharkhand 22.909736 86.074602 s Bihar Sponge | pooja | SPONge Iron PLANT 0.21
Iron Ltd. Plant
Jharkhand 22.13277 85.16688 A Regular Noamundi Mine DEPOSIT
Jharkhand 22.19943 85.4002 A Regular | Jalamial Buru DEPOSIT
Jharkhand 22.19943 85.3302 A Regular | Ajiti Buru Barai DEPOSIT
Jharkhand 22.15943 85.3602 A Regular f_'(r)'\z:'r Buru DEPOSIT
Jharkhand 22.17943 85.4002 A Regular | Not Buru DEPOSIT
Jharkhand 22.21943 85.3602 A Regular Durbar DEPOSIT
Jharkhand 22.17943 85.3302 A Regular Duarguia Buru DEPOSIT
Jharkhand 22.24943 85.4002 A Regular | Landrup Buru DEPOSIT
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Indust Capacity Electric Electric
City Latitude Longjtude Precision | Company Type Y Site Name Site Type | (mil. Requirements Requirement
yp MTPA) (MW) Source
Jharkhand 22.25942 85.4102 Regular Idri Buru DEPOSIT
Jharkhand 22.19943 85.3602 A Regular | Baya Buru DEPOSIT
Jharkhand | 22.17943 85.3302 A Regular éigrpai BuruUp- | pepogit
Jharkhand 22.14943 85.3502 A Regular [(a)t'v";": Buru DEPOSIT
Jharkhand 22.27942 85.28021 A Regular Bogardui Buru DEPOSIT
Jharkhand 22.22943 85.4002 A Regular | Jaridasouth Area DEPOSIT
Jharkhand 22.20943 85.28021 A Regular | Dirisium DEPOSIT
Jharkhand 22.30942 85.3602 A Regular Pansira Buru DEPOSIT
Jharkhand 22.16613 85.5002 A Regular | Tata DEPOSIT
Jharkhand 22.27942 85.3602 A Regular Banalata DEPOSIT
Jharkhand 22.24943 85.3802 A Regular | Jarida Buru DEPOSIT
Jharkhand 22.09944 85.3302 A Regular | Bolani DEPOSIT
Jharkhand 22.25942 85.21021 A Regular Marang Ponga DEPOSIT
Jharkhand 22.18943 85.20021 A Regular | Ajiti Burueast DEPOSIT
Jharkhand 22.15943 85.3502 A Regular E?)t['fé": Buru DEPOSIT
Jharkhand 22.20943 85.4002 A Regular | Jiling Buru DEPOSIT
Jharkhand | 22.5172 86.47207 A Regular | Mosabani- DEPOSIT
Badia Area
Jharkhand 22.20943 85.25021 A Regular | Hokolata DEPOSIT
Jharkhand | 22.18943 85.5252 A Regular | HatuGUtUBUIU- 1 rpgyr
Noamundi Mine
Jharkhand | 22.17943 85.5402 A Regular | Bond Buru- DEPOSIT
Noamundi Mine
Jharkhand 22.15943 85.5002 A Regular | Charipat Buru- DEPOSIT
Noamundi Mine
Jharkhand | 22.15943 85.5302 A Regular | Rachri Buru- DEPOSIT
Noamundi Mine
Jharkhand | 22.12944 85.5302 A Regular | L@girda Buru- DEPOSIT

Noamundi Mine

T-9T-41 1¥30/0Qy3

Cc6T



Industry Capacity Electric Electric
City Latitude Longjtude Precision | Company Type Site Name Site Type | (mil. Requirements Requirement
MTPA) (MW) Source
Jharkhand 22.19943 85.5002 A Regular Eﬂaigg”"\'oam“”d' DEPOSIT
Kotamati Buru
Jharkhand 22.14943 85.5502 A Regular Keonjhar Side- DEPOSIT
Noa
Jharkhand 22.13944 85.5002 A Regular | B2 Bure- DEPOSIT
Noamundi Mine
Kotamati
Jharkhand 22.14943 85.5502 A Regular Burusouth- DEPOSIT
Noamundi Mine
Jharkhand 22.15943 85.4102 A Regular Uli Buru-Bilkundi DEPOSIT
Jharkhand 23.373144 85.324094 A Shiva Group | Regular | BhuwaniaAssoci- | o g 0.073
ates Pvt. Ltd.
Steel Mine in
Jharkhand 22.7999992 86.09 A Authority of Regular | Singhbhum DEPOSIT 2.5
India Ltd. District
Steel Mine in
Jharkhand 22.7999992 86.09 A Authority of Regular | Singhbhum DEPOSIT 35
India Ltd. District
Steel
Jharkhand 22.218722 85.355946 A Authority of Regular Gua Mines DEPOSIT
India Ltd.
Steel
Jharkhand 22.06611 85.26688 S Authority of Regular Kiriburu Mine DEPOSIT
India Ltd.
Steel Meghahatuburu
Jharkhand 22.072453 85.26977 S Authority of Regular - DEPOSIT
] Iron Ore Mines
India Ltd.
Steel Manoharpur
Jharkhand 22.374262 85.195618 A Authority of Regular - ; DEPOSIT
] (Chiria) Mine
India Ltd.
Steel
Jharkhand 22.1333008 85.3167 A Authority of Regular | Bolani DEPOSIT
India Ltd.
Tata Iron and Mlne n
Jharkhand 22.7999992 86.09 A Regular | Singhbhum DEPOSIT 3.5
Steel Co. Ltd. Lo
District
Jharkhand | 23.748838 | 86.151416 | A Zoom Vallabh | oo 1o | SPONge Iron PLANT 0.12
Steels Ltd. Plant
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Indust Capacity Electric Electric
City Latitude Longjtude Precision | Company Type Y Site Name Site Type | (mil. Requirements Requirement
yp MTPA) (MW) Source
Orissa 20.51833333 | 85.73027778 | S ‘L\fd”' Steels | pegular ﬁf‘mge Iron PLANT 0.18 20 PUBLISHED
Action Ispat Sponge Iron
Orissa 21.843123 83.98113 S and Power Regular pong PLANT 0.25
Plant
Pvt. Ltd.
Orissa 22.30826 84.764113 S Adhunik Regular | AdhunikMetaliks | o) 5\ 0.18
Group Ltd.
Beekay Steel Sponge Iron
Orissa 22.112995 85.374732 A and Power Regular pong PLANT 0.105
Ltd. Plant
Bhushan Sponge Iron
Orissa 20.284114 85.815332 S Steel and Regular pong PLANT 0.3
. Plant
Strips Ltd.
Deepak Steel Sponge Iron
Orissa 22.049333 85.166117 A and Power Regular PIF;ntg PLANT 0.144
Ltd.
Essel Mining -
Orissa 21.91888889 | 85.41111111 | S and Indus- Regular | JlinglLangalota | nepogr
. Iron Mine
tries Ltd.
Jain Steel Snonge Iron
Orissa 21.91277778 | 84.02944444 | S and Power Regular PIF;ntg PLANT 0.11 8 PUBLISHED
Ltd.
Orissa 20.96833333 | 86.04916667 | A Mesco Steel | Regular ﬁf‘mge fron PLANT
Orissa 20.773683 85.33883 S MGM Group Regular MGM Steels Ltd. PLANT 0.1
Orissa 20.255021 85.826279 S MGM Group Regular Corporate Office OFFICE
Orissa 22.07444 85.2802 A Regular Maghahata Buru DEPOSIT
Orissa 21.90946 85.4002 A Regular ?g;t: East of DEPOSIT
Orissa 21.8715746 85.149695 A Regular Barsua DEPOSIT
Orissa 21.80946 85.3602 A Regular r,:‘gr:tjg of Miti- DEPOSIT
Orissa 21.86946 85.19021 A Regular ggﬁffrapora DEPOSIT
Orissa 21.92945 85.3602 A Regular | Satkutnia Pahar DEPOSIT
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Indust Capacity Electric Electric
City Latitude Longjtude Precision | Company Type Y Site Name Site Type | (mil. Requirements Requirement
yp MTPA) (MW) Source

Orissa 21.95945 85.3002 A Regular Guali-Godabudini | DEPOSIT

Orissa 21.94945 85.4102 A Regular Kurband-Joruri DEPOSIT

Orissa 21.90861111 | 85.36416667 | S Regular | Mohantylronand | pepoq
Manganese Mine

Orissa 22.04944 86.21018 A Regular Gorumakisani DEPOSIT

Orissa 21.9025 85.36722222 | S Regular | Mrapodh Mo- DEPOSIT
hanty Iron Mine

Orissa 21.90946 85.3702 A Regular Gurda-Gonua DEPOSIT
Mandajoda Iron

Orissa 21.90833333 | 85.35833333 | S Regular and Manganese DEPOSIT
Mine

Orissa 21.92945 85.3902 A Regular ﬂ\‘oc’rirg;"rveSt of DEPOSIT

Orissa 21.91945 85.17021 A Regular | Samlaibar DEPOSIT

Orissa 21.77947 85.10021 A Regular Kandadhar Pahar | DEPOSIT

Orissa 21.99946 85.23021 A Regular Majurnacha DEPOSIT

Orissa 21.94945 85.3802 A Regular | Northwestof DEPOSIT
Satkutnia

Orissa 21.79947 85.25021 A Regular | B@lia Pahar- DEPOSIT
Badamgarh

Orissa 21.92138889 | 85.3925 S Regular Serajuddin Mines | DEPOSIT

Orissa 21.82946 85.4002 A Regular Chrisai-Loiaboga DEPOSIT

Orissa 21.79947 85.23021 A Regular Badamgarh DEPOSIT

Orissa 21.95945 85.3902 A Regular | Dale PaharNorth | e pyp
of Kurband

Orissa 21.95945 85.4302 A Regular | lJilling Pahar DEPOSIT

Orissa 21.89946 85.24021 A Regular | R@ssira- DEPOSIT
Rengerbera

Orissa 21.85946 85.4302 A Regular Maha Parbat DEPOSIT

Orissa 21.74947 86.16018 A Regular Badam Pahar DEPOSIT

Orissa 21.89946 85.25021 A Regular f,i';‘l‘gya'm”a DEPOSIT
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Indust Capacity Electric Electric
City Latitude Longjtude Precision | Company Type Y Site Name Site Type | (mil. Requirements Requirement
yp MTPA) (MW) Source
Orissa 21.89946 85.4002 A Regular Ranga Parbat DEPOSIT
Orissa 21.77947 85.20021 A Regular 'Ifi"iﬁ”karma"ha DEPOSIT
Orissa 22.07944 85.3602 A Regular | Jhargaon DEPOSIT
Orissa 21.79947 85.3602 A Regular | Kesijoda DEPOSIT
Orissa 20.82955 86.33018 A Regular Kansa DEPOSIT
Orissa 21.80946 85.3602 A Regular | South of DEPOSIT
Mitihurda
Orissa 22.04944 85.4502 A Regular | Bara ParbatJoda | nepogr
East Mine
Orissa 22.09944 85.3302 A Regular Bolani DEPOSIT
Orissa 22.02944 85.4002 Regular Durga Parbat DEPOSIT
Thakurani Mine:
Orissa 22.09944 85.4302 A Regular | West DEPOSIT
Thakuranino
Orissa 21.89946 85.23021 A Regular Khajardi DEPOSIT
Orissa 21.95945 85.4302 S Regular Langalota DEPOSIT
Orissa 21.84946 85.3602 A Regular | East of Mitihurda | DEPOSIT
. Raisua Resi-
Orissa 21.77947 85.16021 A Regular Jhubba Dinakora DEPOSIT
Orissa 21.94945 85.20021 A Regular Karspani Pahar DEPOSIT
Orissa 20.82955 86.33018 A Regular | Daiteri DEPOSIT
Orissa 22.04944 85.3502 A Regular Sidamat Parbat DEPOSIT
Orissa 21.74947 86.45017 A Regular | Rumdabadiand | npepogp
Bandgaon
Saraikela
Orissa 21.77447 85.15021 A Regular Roatha-Raisua DEPOSIT
Resi
Orissa 21.82946 85.2802 A Regular Malang Toli DEPOSIT
Orissa 21.77947 85.3002 A Regular Balia Pahar DEPOSIT
Orissa 21.73947 85.13021 A Regular | Rumritar Pahar- 1 e poqyr
Cheliatoka
Orissa 22.11614 85.3502 A Regular Barbill Mine DEPOSIT
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Indust Capacity Electric Electric
City Latitude Longjtude Precision | Company Type Y Site Name Site Type | (mil. Requirements Requirement
yp MTPA) (MW) Source

Orissa 21.90946 85.4002 A Regular North of Palsa DEPOSIT

Orissa 21.94945 86.16018 A Regular Sulaipatokampad | DEPOSIT

Orissa 21.85946 85.3902 A Regular | Diring Buru DEPOSIT

Orissa 21.80946 85.21021 A Regular | Jhubka DEPOSIT

Orissa 22.07944 85.3002 A Regular Kiri Buru DEPOSIT

. West of Kurband-

Orissa 21.94945 85.4002 A Regular Northeast of Satk DEPOSIT
West of

Orissa 21.95945 85.4002 A Regular Banspani-North DEPOSIT
of Johohur

Orissa 19.44968 83.15026 A Regular | Manjimali DEPOSIT

Orissa 20.49958 85.00022 A Regular | Daitari Mine DEPOSIT

Orissa 22.08277 85.33353 A Regular Bolani Mine DEPOSIT

Orissa 22.01612 85.43353 S Regular | Joda Mine DEPOSIT

Orissa 22.07444 85.4102 A Regular Raikora-Borita DEPOSIT

Orissa 21.75947 85.14021 A Regular Kumritar Pahar DEPOSIT

Orissa 22.05944 85.4002 A Regular Badraeai DEPOSIT

Orissa 21.99946 85.4302 s Regular | BanspaniPahar- | pppqq
Joda East Mine

Orissa 22.04944 85.4102 A Regular Kela Parbat DEPOSIT

Orissa 21.79947 85.20021 A Regular | Badamgarh- DEPOSIT
Mankarmacha

Orissa 20.82955 86.33018 A Regular | Bamanipaland | nepogr
Tomka

Orissa 21.92445 85.4002 A Regular Jsgr‘i‘;gfaSt of DEPOSIT
Kotamati

Orissa 22.14943 85.5502 A Regular Burunorth- DEPOSIT
Noamundi Mine

Orissa 22.00945 85.4102 Regular | Surjat Parbat DEPOSIT

Orissa 21.90946 85.4302 Regular Boradha-Kunipas | DEPOSIT

Orissa 21.9475 85.43361111 | S Regular | | B Lallajang DEPOSIT

Mine
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Indust Capacity Electric Electric
City Latitude Longjtude Precision | Company Type Y Site Name Site Type | (mil. Requirements Requirement
yp MTPA) (MW) Source
) S C Padhi
Orissa 21.96972222 | 85.44611111 | S Regular . DEPOSIT
Gurubeda Mine
Orissa 21.96861111 | 85.40805556 | S Regular | 11OM9PONAIrON | pepogy
Orissa 21.96138889 | 85.43194444 | S Regular | H G Pandya Mine | DEPOSIT
Orissa 22.00945 85.4002 A Regular Baliathori Parbat DEPOSIT
Orissa 21.97666667 | 85.44527778 | A Regular | S CPadhi DEPOSIT
Banspari Mine
. Kundrupani-
Orissa 22.02944 85.4602 A Regular Churr Malda DEPOSIT
Mayurbanj Area:
Orissa 21.94945 86.43017 A Regular | Kaduani, DEPOSIT
Kumhardh
B C Dagra, Dalita
Orissa 21.88888889 | 85.36138889 | S Regular Iron and DEPOSIT
Manganese
Orissa 21.80946 85.3602 A Regular | Southeastof DEPOSIT
Mitihurda
Singhbhum-
Orissa 21.99946 86.0002 A Regular Mayurbhanj DEPOSIT
District
Orissa 22.0832996 85.2833 A Regular | Kiriburu DEPOSIT
Orissa 21.8075 85.56805556 | S Regular if;onr;ge Iron PLANT
Orissa 22.188017 84.580082 A gt%';l'rftga”d Regular | Registered Office | OFFICE
Orissa 22213088 | 84551887 | S gt%"el"l‘_’t?ja”d Regular | Works PLANT 0.12 18 PUBLISHED
Orissa
Orissa 20.296109 85.824551 S Sponge Iron Regular Corporate Office OFFICE
and Steel Ltd.
Orissa Sponge Iron
Orissa 21.805 85.56388889 | S Sponge Iron Regular pong PLANT 0.25 40 PUBLISHED
Plant
and Steel Ltd.
. Patnaik Min- Jaribahal Iron
Orissa 21.92945 85.4002 S erals Pvi. Ltd. Regular Mine DEPOSIT
Orissa 21.884996 85.3785217 | S Rungta Mines | poo g | Siliora Kalimati DEPOSIT
Ltd. Mn. Mines
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Indust Capacity Electric Electric
City Latitude Longjtude Precision | Company Type Y Site Name Site Type | (mil. Requirements Requirement
yp MTPA) (MW) Source
Orissa 22.123512 84.041816 A Et‘&”gta Mines | pegular ﬁfﬁge fron PLANT 0.33
. Scaw Indus- Sponge Iron
Orissa 20.651015 85.595846 A tries Pvt. Ltd. Regular Plant PLANT 0.1
Orissa 21.683792 | 85.4358 A ftrge Metaliks | pegular | Head Office OFFICE
Orissa 21.683792 85.4358 S “E’trge Metaliks | pegular ﬁfﬁge fron PLANT 0.174 28 PUBLISHED
Steel
Orissa 21.85305556 | 85.12555556 | S Authority of Regular Barsua DEPOSIT
India Ltd.
Steel Barsuan Iron
Orissa 21.84946 85.15021 A Authority of Regular - DEPOSIT
. Mine
India Ltd.
Steel
Orissa 21.969493 85.223126 A Authority of Regular Kalta DEPOSIT
India Ltd.
Steel Mine in
Orissa 21.6900005 85.52 A Authority of Regular Kendujhar DEPOSIT 3
India Ltd. District
Orissa 21.9316396 | 85.3804659 | S Tatalronand | pooiiar | Khondbond Mine | DEPOSIT
Steel Co. Ltd.
Tata Iron and Mine at
Orissa 21.6900005 85.52 A Regular Kendujhar Dis- DEPOSIT 2
Steel Co. Ltd. trict
Orissa 22.019208 85.406811 A IT;? Sponge | pesular | Registered Office | OFFICE
Orissa 22055822 | 85.46567 s Tata Sponge | pogyar | SPOngelron PLANT 0.39
Iron Plant
Orissa 20.943447 86.061403 s Visa Steel Regular ﬁfﬁge Iron PLANT 0.3 75 PUBLISHED
West Bengal | 22.539904 | 88.355113 | S :ﬁ&‘;’f‘t‘; Met | pegular | Corporate Office | OFFICE
Ashirwad
West Bengal 22.567702 88.350917 S Steels and In- | Regular Corporate Office OFFICE
dustries Ltd.
Beekay Steel
West Bengal 22.539922 88.355051 S and Power Regular Corporate Office OFFICE
Ltd.
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Indust Capacity Electric Electric
City Latitude Longjtude Precision | Company Type Y Site Name Site Type | (mil. Requirements Requirement
yp MTPA) (MW) Source
West Bengal | 22.551723 88.352488 s gré‘jga” Regular | Corporate Office | OFFICE
Jai Balaji Sponge Iron
West Bengal 23.611124 87.147394 S Sponge Ltd. Regular Plant PLANT 0.105
West Bengal 23.41599 86.91683 A Regular Shaltora Area DEPOSIT
West Bengal 23.7493 86.86016 A Regular Kulti-Raniganj DEPOSIT
West Bengal | 24.69611111 | 87.09416667 | S Regular | DamodarSponge | o syp
Iron Factory
Orissa
West Bengal 22.537937 88.350638 S Sponge Iron Regular Corporate Office OFFICE
and Steel Ltd.
West Bengal | 22.545119 88.353639 s Et%”gta Mines | pegular | Corporate Office | OFFICE
West Bengal 22.567036 88.353873 S Shyam Group | Regular Registered Office | OFFICE
West Bengal 22.568107 88.355991 S Shyam Group | Regular Corporate Office OFFICE
West Bengal | 23.508663 87.282936 A Shyam Group | Regular ifﬁge Iron PLANT 0.1
Re-rolling Mill/
West Bengal 23.513214 87.331602 S SPS Group Regular | Sponge Iron PLANT 0.6
Plant
West Bengal 22.541317 88.356191 S SPS Group Regular Corporate Office OFFICE
West Bengal | 22.545075 | 88.35502 s ftrge Metaliks | pegular | Registered Office | OFFICE
Sunil Ispat
West Bengal 22.555863 88.365008 S and Power Regular Corporate Office OFFICE
Ltd.
West Bengal | 23.52388889 | 87.13222222 | S Tirupati Steel | Regular ﬁgﬂge Iron PLANT
Table A9. Materials database - Myanmar - iron (ERDC-CERL).
Indust Capacity Electric Electric
City Latitude Longitude Precision Company Type ry Site Name Site Type | (mil. Requirements | Requirement
yp MTPA) (MW) Source
Bago 18.0329 96.89989 A Regular Tungoo Deposit DEPOSIT
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Indust Capacity Electric Electric
City Latitude Longitude Precision Company Type ry Site Name Site Type | (mil. Requirements | Requirement
yp MTPA) (MW) Source
Republic of
the Union of Sponge Iron
Mandalay 21.98611111 96.40666667 S Myanmar, Regular PIZntg PLANT 0.45
Ministry of
Industry
Shan 20.83285 97.33318 A Regular Hopong Mine DEPOSIT
Shan 21.83276 97.71657 A Regular Lai Twarge Mine | DEPOSIT
Shan 22.13273 96.6332 A Regular Wetwun Area DEPOSIT
Shan 21.94945 96.4166 A Regular Twinnge Deposit | DEPOSIT
Shan 20.91624 96.88319 A Regular | FangPet DEPOSIT
Deposits
Manmaklang
Shan 22.83267 97.66657 A Regular /Nam Phat DEPOSIT
Mines
Shan 23.21604 97.28318 A Regular Kunghka Mine DEPOSIT
Table A10. Materials database - Bangladesh - limestone (ERDC-CERL).
. . I Industry ! . Capacity (mil.
City Latitude Longitude Company Type Site Name Site Type MT reserve)
Rajshahi 24.793954 | 88.931438 Regular | Faranagar DEPOSIT
Naogaon Mine
Rajshahi 25.10212 89.031188 Regular Joypurhat Mine DEPOSIT | 100
Jahanpur
Rangpur 25.123927 88.924741 Regular Naogaon Mine DEPOSIT
Sylhet 24.847888 91.235116 Regular Bagalibazar Mine | DEPOSIT | 17
Sylhet 25.067205 91.407288 Regular Lalghat Mine DEPOSIT 12.9
Sylhet 25.201605 91.199592 Regular Takerghat Mine DEPOSIT 12.9
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Table A11. Materials database - India - limestone (ERDC-CERL).

. . " Industry . Site Ca_pacity

City Latitude Longitude Company Type Site Name Type (mil. MT
reserve)

Chhattisgarh 20.425 81.52083333 Regular DEPOSIT
Chhattisgarh | 20.79306 81.05833 Regular Egﬁ;triasg:r;h:asm / DEPOSIT
Chhattisgarh 21.2163889 | 81.75 Regular DEPOSIT | 143.83
Chhattisgarh 21.3416667 | 81.75 Regular DEPOSIT | 48.25
Chhattisgarh 21.3583333 | 82.04166667 Regular DEPOSIT | 37.881
Chhattisgarh 21.3770833 | 82.00833333 Regular DEPOSIT | 10.02
Chhattisgarh 21.3958333 | 81.76111111 Regular DEPOSIT | 70.82
Chhattisgarh 21.4033333 | 81.79763889 Regular DEPOSIT | 56.89
Chhattisgarh 21.4113889 | 81.81611111 Regular DEPOSIT | 5.925
Chhattisgarh 21.45 81.87777778 Regular DEPOSIT | 13.6
Chhattisgarh 21.4606944 | 81.81055556 Regular DEPOSIT | 39.66
Chhattisgarh 21.4958333 | 81.75 Regular DEPOSIT | 47.95
Chhattisgarh 21.5016667 | 81.88930556 Regular DEPOSIT | 173.44
Chhattisgarh 21.5025 81.76388889 Regular DEPOSIT | 33.65
Chhattisgarh 21.5493056 | 82.03458333 Regular DEPOSIT | 162.51
Chhattisgarh 21.55 81.98333333 Regular DEPOSIT | 206.787
Chhattisgarh 21.56 81.9875 Regular DEPOSIT | 171.4
Chhattisgarh 21.5652778 | 81.99444444 | Ultratech Cement Regular DEPOSIT
Chhattisgarh 21.5708333 | 81.97916667 Regular DEPOSIT | 1.829
Chhattisgarh 21.5708333 | 81.99166667 Regular DEPOSIT | 79.1
Chhattisgarh 21.5833333 | 81.91666667 Regular DEPOSIT | 146.288
Chhattisgarh 21.5854167 | 81.92916667 Regular DEPOSIT | 0.842
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City Latitude Longitude Company _Irr;cri)léstry Site Name %i}:e ?maﬁa ’(\:,::cry
reserve)
Chhattisgarh 21.6 82.07916667 Regular DEPOSIT | 518.65
Chhattisgarh 21.6041667 | 81.96666667 Regular DEPOSIT | 13.83
Chhattisgarh 21.6125 81.975 Regular DEPOSIT | 10.03
Chhattisgarh 21.6166667 | 82.03472222 Regular DEPOSIT | 86.88
Chhattisgarh 21.6354167 | 81.95 Regular DEPOSIT | 0.908
Chhattisgarh 21.65375 82.05777778 Regular DEPOSIT | 342.952
Chhattisgarh 21.6579167 | 82.10416667 Regular DEPOSIT | 484.736
Chhattisgarh 21.66875 81.48333333 Regular DEPOSIT | 8.42
Chhattisgarh 21.6708333 | 82.10430556 Regular DEPOSIT | 335.15
Chhattisgarh 21.6729167 | 82.10055556 Regular DEPOSIT | 188.04
Chhattisgarh 21.6833333 | 82.64583333 Regular DEPOSIT | 517.74
Chhattisgarh 21.6854167 | 82.11666667 Regular DEPOSIT | 117.13
Chhattisgarh 21.7395833 | 82.20625 Regular DEPOSIT | 191
Chhattisgarh 21.75 82.28333333 Regular DEPOSIT
Chhattisgarh 21.7541667 | 82.38333333 Regular DEPOSIT | 48
Chhattisgarh | 21.9586111 | 82.34166667 ’J;ngeta Limestone | pegylar DEPOSIT
Chhattisgarh 21.0833333 | 82.05 Regular DEPOSIT
Chhattisgarh 21.2166667 | 81.95 Regular DEPOSIT | 0.5
Chhattisgarh 21.25 81.8 Regular DEPOSIT | 0.75
Chhattisgarh 21.2333333 | 81.78333333 Regular DEPOSIT
Chhattisgarh 21.2 81.73333333 Regular DEPOSIT | 3
Chhattisgarh 21.4420833 | 81.24055556 Regular DEPOSIT | 101.04
Chhattisgarh 21.4020833 | 81.44791667 Regular DEPOSIT
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City Latitude Longitude Company _Irr;cri)léstry Site Name %i}:e ?maﬁa ’(\:,::cry
reserve)
Chhattisgarh 22.1347222 | 81.42916667 Regular DEPOSIT | 1500
Chhattisgarh 21.4525 81.40861111 Regular DEPOSIT | 109.19
Chhattisgarh 21.4358333 | 81.39597222 Regular DEPOSIT | 45.57
Chhattisgarh 21.5208333 | 81.22916667 Regular DEPOSIT
Chhattisgarh 21.6180556 | 81.15194444 Regular DEPOSIT
Chhattisgarh 215619444 | 81.19861111 Regular DEPOSIT
Chhattisgarh 21.2138889 | 81.21527778 Regular DEPOSIT
Chhattisgarh 21.0977778 | 81.24583333 Regular DEPOSIT
Chhattisgarh 21.025 81.35833333 Regular DEPOSIT
Chhattisgarh 21.0958333 | 81.33055556 Regular DEPOSIT
Chhattisgarh 21.1069444 | 81.31805556 Regular DEPOSIT
Chhattisgarh 21.2333333 | 81.29916667 Regular DEPOSIT
Chhattisgarh 21.9180556 | 81.57083333 Regular DEPOSIT
Chhattisgarh 21.3383333 | 81.56861111 Regular DEPOSIT
Chhattisgarh 21.5208333 | 81.22916667 Regular DEPOSIT
Chhattisgarh 21.3958333 | 81.36666667 Regular DEPOSIT
Chhattisgarh 21.4333333 | 81.425 Regular DEPOSIT
Chhattisgarh 21.3958333 | 81.36666667 Regular DEPOSIT | 15
Chhattisgarh 21.3791667 | 81.3 Regular DEPOSIT
Chhattisgarh 21.3708333 | 81.30833333 Regular DEPOSIT
Chhattisgarh 21.4041667 | 81.34583333 Regular DEPOSIT
Chhattisgarh 21.4708333 | 81.34166667 Regular DEPOSIT
Chhattisgarh 21.45 81.35833333 Regular DEPOSIT
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City Latitude Longitude Company _Irr;cri)léstry Site Name %i}:e ?maﬁa ’(\:,::cry
reserve)
Chhattisgarh 21.2125 81.075 Regular DEPOSIT
Chhattisgarh 21.3208333 | 81.07916667 Regular DEPOSIT
Chhattisgarh 21.3833333 | 81.275 Regular DEPOSIT
Chhattisgarh 22.375 81.16666667 Regular DEPOSIT | 31.419
Chhattisgarh 217777778 | 81.22152778 Regular DEPOSIT | 178.057
Chhattisgarh 22.1916667 | 81.14166667 Regular DEPOSIT
Chhattisgarh 21.7683333 | 81.21041667 Regular DEPOSIT | 23.769
Chhattisgarh 20.9638889 | 80.90694444 Regular DEPOSIT
Chhattisgarh 21.6214444 | 81.76466667 Regular DEPOSIT
Chhattisgarh 21.5979722 | 81.09091667 Regular DEPOSIT
Chhattisgarh 21.6670278 | 81.13877778 Regular DEPOSIT
Chhattisgarh 21.3608889 | 80.98294444 Regular DEPOSIT
Chhattisgarh 21.4281111 | 80.92305556 Regular DEPOSIT
Chhattisgarh 21.67275 80.90213889 Regular DEPOSIT
Chhattisgarh 21.5936111 | 81.85222222 Regular DEPOSIT
Chhattisgarh 215703056 | 80.84511111 Regular DEPOSIT | 0.1
Chhattisgarh 22.375 81.16666667 Regular DEPOSIT | 31.419
Chhattisgarh 217777778 | 81.22152778 Regular DEPOSIT | 150.355
Chhattisgarh 21.7972222 | 81.21111111 Regular DEPOSIT | 27.702
Chhattisgarh 22.1916667 | 81.29166667 Regular DEPOSIT
Chhattisgarh 21.7683333 | 81.21041667 Regular DEPOSIT | 23.769
Chhattisgarh 21.2866667 | 81.41305556 Regular DEPOSIT
Chhattisgarh 22.0763889 | 81.30027778 Regular DEPOSIT | 0.6
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City Latitude Longitude Company _Irr;cri)léstry Site Name %i}:e ?maﬁa ’(\:,::cry
reserve)
Chhattisgarh 22.0377778 | 81.30666667 Regular DEPOSIT | 0.375
Chhattisgarh 22.2936111 | 81.53027778 Regular DEPOSIT | 0.075
Chhattisgarh 21.6666667 | 83.125 Regular DEPOSIT | 384.118
Chhattisgarh 21.5208333 | 83.15833333 Regular DEPOSIT | 12.3
Chhattisgarh 21.6166667 | 83.16666667 Regular DEPOSIT
Chhattisgarh 21.9416667 | 82.95833333 Regular DEPOSIT | 15.092
Chhattisgarh 215 83.16666667 Regular DEPOSIT
Chhattisgarh 21.5055556 | 83.15833333 Regular DEPOSIT
Chhattisgarh 21.6055556 | 83.13333333 Regular DEPOSIT
Chhattisgarh 21.6055556 | 83.15 Regular DEPOSIT
Chhattisgarh 21.625 83.13333333 Regular DEPOSIT
Chhattisgarh 21.6333333 | 83.1 Regular DEPOSIT
Chhattisgarh 21.6 21.11666667 Regular DEPOSIT
Chhattisgarh 21.6333333 | 83.06666667 Regular DEPOSIT
Chhattisgarh 21.6083333 | 83.05 Regular DEPOSIT
Chhattisgarh 21.625 83.06666667 Regular DEPOSIT
Chhattisgarh 21.65 83.18333333 Regular DEPOSIT
Chhattisgarh 21.6 82.95 Regular DEPOSIT
Chhattisgarh 216 82.95833333 Regular DEPOSIT
Chhattisgarh 21.5694444 | 83.16666667 Regular DEPOSIT
Chhattisgarh 21.6083333 | 83.43333333 Regular DEPOSIT
Chhattisgarh 21.6227778 | 57 Regular DEPOSIT
Chhattisgarh 19.25 81.875 Regular DEPOSIT | 72.65
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City Latitude Longitude Company _Irr;cri)léstry Site Name %i}:e ?maﬁa ’(\:,::cry
reserve)
Chhattisgarh 19.2083333 | 81.95833333 Regular DEPOSIT | 7.8
Chhattisgarh 19.125 81.5 Regular DEPOSIT | 7.8
Chhattisgarh 18.9583333 | 81.53333333 Regular DEPOSIT | 48.55
Chhattisgarh 19.0145833 | 81.82083333 Regular DEPOSIT
Chhattisgarh 19.15 81.85069444 Regular DEPOSIT | 47.73
Chhattisgarh 19.1458333 | 81.80319444 Regular DEPOSIT | 44.93
Chhattisgarh 19.3968056 | 81.45833333 Regular DEPOSIT | 44.89
Chhattisgarh 19.0833333 | 81.84166667 Regular DEPOSIT | 45.98
Chhattisgarh 19.1333333 | 81.84166667 Regular DEPOSIT | 14.55
Chhattisgarh 19.4347222 | 81.83333333 Regular DEPOSIT | 21.22
Chhattisgarh 18.9645833 | 81.82402778 Regular DEPOSIT | 40
Chhattisgarh 18.95 81.825 Regular DEPOSIT | 19
Chhattisgarh 19.4186111 | 81.83333333 Regular DEPOSIT | 85.88
Chhattisgarh 19.13125 81.82722222 Regular DEPOSIT | 61.98
Chhattisgarh 18.875 81.91666667 Regular DEPOSIT | 3.64
Chhattisgarh 18.9583333 | 81.95833333 Regular DEPOSIT | 47.11
Chhattisgarh 18.9166667 | 81.875 Regular DEPOSIT | 4
Chhattisgarh 18.9583333 | 81.875 Regular DEPOSIT | 6.3
Chhattisgarh 20.9279167 | 56.125 Regular DEPOSIT | 176.29
Chhattisgarh 22.2625 81.84375 Regular DEPOSIT | 82.24
Chhattisgarh 22.2722222 | 81.49166667 Regular DEPOSIT | 6.311
Chhattisgarh 21.2326389 | 81.59166667 Regular DEPOSIT
Chhattisgarh 21.7916667 | 82.25416667 Regular DEPOSIT | 16.37
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City Latitude Longitude Company _Irr;cri)léstry Site Name %i}:e ?maﬁa ’(\:,::cry
reserve)
Chhattisgarh 22.0416667 | 82.96111111 Regular DEPOSIT | 0.09
Chhattisgarh 21.9666667 | 82.79166667 Regular DEPOSIT | 0.072
Chhattisgarh 22 82.78333333 Regular DEPOSIT | 0.072
Chhattisgarh 22.0833333 | 82.63333333 Regular DEPOSIT | 13.5
Chhattisgarh 22.0561111 | 37.5 Regular DEPOSIT | 1.2
Chhattisgarh 21.8166667 | 82.65833333 Regular DEPOSIT | 3
Chhattisgarh 21.825 82.625 Regular DEPOSIT | 0.3
Chhattisgarh 21.8416667 | 82.60833333 Regular DEPOSIT | 0.131
Chhattisgarh 21.7833333 | 82.70833333 Regular DEPOSIT
Chhattisgarh 22.0833333 | 82.56666667 Regular DEPOSIT | 0.36
Chhattisgarh 22.05 82.575 Regular DEPOSIT
Chhattisgarh 22.0583333 | 82.54166667 Regular DEPOSIT
Chhattisgarh 22.0416667 | 82.49166667 Regular DEPOSIT
Chhattisgarh 22.0666667 | 82.26666667 Regular DEPOSIT
Chhattisgarh 21.85875 82.35138889 Regular DEPOSIT | 110.54
Chhattisgarh 21.9027778 | 82.51666667 Regular DEPOSIT | 85.75
Chhattisgarh 21.9504167 | 82.33333333 Regular DEPOSIT | 133.86
Chhattisgarh 21.8708333 | 82.55833333 Regular DEPOSIT | 3.67
Chhattisgarh 21.8520833 | 82.625 Regular DEPOSIT | 41
Chhattisgarh 21.8388889 | 82.63611111 Regular DEPOSIT | 9
Chhattisgarh 21.8597222 | 82.57027778 Regular DEPOSIT | 1
Chhattisgarh 22.3625 82.53333333 Regular DEPOSIT | 47
Chhattisgarh 21.9166667 | 82.5 Regular DEPOSIT | 37
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. Capacity
City Latitude Longitude Company _Irndléstry Site Name ?'tee (mil. MT
yp yp reserve)
Chhattisgarh 21.5583333 | 82.54166667 Regular DEPOSIT
Jharkland 22.870003 85.451987 Regular Singhbhum DEPOSIT | 192.98
Jharkland 23.34724 85.30621 Regular Ranchi DEPOSIT | 192.98
Jharkland 23.996224 85.369318 Regular Hazaribagh DEPOSIT | 192.98
Jharkland 24.264705 83.593786 Regular Palamu DEPOSIT | 192.98
Jharkland 24.27557 87.253244 Regular Santhal Pargana DEPOSIT | 192.98
Barak Valley Cement
Ltd./Meghalaya Meghalaya Minerals &
Meghalaya 25.165093 92.379262 Minerals & Mines Regular Mines Ltd. DEPOSIT
Ltd.
Star Cement/
Meghalaya 25.165622 92.369604 Cement Manufactur- Regular Khub DEPOSIT
ing Co. Ltd
Meghalaya 25.168644 91.690354 K. Singh Wann & Son | Regular DEPOSIT
Meghalaya 25.19043 92.402997 Jud Cements Ltd. Regular DEPOSIT
Meghalaya 25.191218 92.358692 Adhunik Cement Ltd. Regular DEPOSIT
Lafarge Umiam Min-
Meghalaya 25.195138 91.629027 ing Pvt Ltd./!_um Regular DEPOSIT | 2
Mawshun Minerals
Pvt Ltd.
Barak Valley Cement Meshalava Cement
Meghalaya 25.203959 92.378122 Ltd./Meghalaya Min- Regular g Y DEPOSIT
. Ltd.
erals & Mines Ltd.
Meghalaya 25259533 | 91.712003 | Mawmluh Cherra Regular | Mawmluh Cherra Mine | DEPOSIT
Cement Ltd.
Lafarge Umiam )
Meghalaya 25.580794 91.886864 Mining Pvt Ltd. Regular Corporate Office OFFICE
Odissa 18.6258333 | 82.91666667 | Manoj Quarry Regular Quarry DEPOSIT
Odissa 20.268218 85.83338 IDC of Odissa Ltd. Regular Corporate Office DEPOSIT
Odissa 20.289103 85.842426 Kalinga Lime Regular Corporate Office OFFICE
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City Latitude Longitude Company _Irr;(:)léstry Site Name %i}:e ?r:rl)a ’(\:,::cry
reserve)

Odissa 20.292153 | 85.81093 ?Aaiggglasma” Regular | Corporate Office OFFICE

Odissa 20573871 | 82.931994 Efdt.”a‘k Minerals PVt. | posiiar | Sarmuhan Mine DEPOSIT

Odissa 21372798 | 83.616713 | ACC Regular PLANT

Odissa 21620179 | 85581519 | i MINOASPYL | Reguiar | Registered Office OFFICE

Odissa 21761562 | 85.445433 | oncl Mrn€and Regular DEPOSIT

Odissa 21.820813 84.951294 Saligram Khirwal Regular Bonrai Mine DEPOSIT

Odissa 22108039 | 85.388263 Efjjs't';"eis”il_”t%_a”d Regular | Corporate Office OFFICE

Odissa 22202738 | 84.487023 | VK. Lal Regular wgzur&marbeda DEPOSIT

Odissa 22.211889 84.430132 Om Ganesh Minerals Regular Telighana Mine DEPOSIT

Odissa 22.224753 84.818857 Kalinga Lime Regular Branch Office OFFICE

Odissa 22227848 | 84.922303 | RA.Jalan Regular | Dharura-Kukuda Mine | DEPOSIT

Odissa 22.254017 84.509753 G.S. Sharma & Sons Regular Jharbeda Mine DEPOSIT

Odissa 22.25654 84.432685 Mideast Carbon Ltd. Regular Dabhijira Mine DEPOSIT

Odissa 22261883 | 84.579056 Ef‘dt.”a”‘ Minerals PVt. | pesiiar | Alanda Mine DEPOSIT

Odissa 22.261883 84.579056 United Minerals Regular Alanda Mine DEPOSIT

Odissa 22.277925 84.724845 OCL India Ltd. Regular Lanjiberna Mine DEPOSIT

Odissa 22277925 | 84.724845 R.V. Enterprisers Regular k/laiggbema'Kata”g DEPOSIT

Odissa 22.279859 84.482495 Shiva Cement Ltd. Regular Khatkurbahal Mine DEPOSIT

Odissa 22.279859 84.482495 Sadasiva Tripathy Regular Khatkurbahal Mine DEPOSIT

Odissa 22298586 | 84.900537 Efdt_”aik Minerals Pvt. | pesular | Kadalibahal Mine DEPOSIT

Odissa 22401179 | 84.834018 ,\Rﬂ?ggglzma” Regular g:;”nrgffgtr Mine DEPOSIT

Odissa 22407778 | 84.874485 | Kalinga Lime Regular | ©urnapani-Bhojpur DEPOSIT | 0.06

Mine
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. Capacity
City Latitude Longitude Company _Irndléstry Site Name ?'tee (mil. MT
yp yp reserve)
Odissa 22.408962 84.71503 B.S.L.Co. Ltd Regular DEPOSIT
Sikkim 27.133965 | 88.27493 Regular | RangeetValley DEPOSIT
Tectonic Window
West Bengal | 22.54943 88.357962 Etadt”a'k Minerals Pvt. | pesular | Corporate Office OFFICE
Chhattisgarh 21.259985 81.358991 ACC Regular DEPOSIT
Table A12. Materials database - Myanmar - limestone (ERDC-CERL).
. . " Industry . . Capacity (mil.
City Latitude Longjtude Company Type Site Name Site Type MT reserve)
Lewe ' 19.525829 96.428177 Max Cement Regular Limestone Quarry | DEPOSIT
Naypyidaw
The Republic of the Limestone Quar
Thayet 19.2747222 | 95.15888889 | Union of Myanmar, Regular ™ | DEPOSIT
L . for (31)
Ministry of Industries
Table A13. Materials database - Bangladesh - steel (ERDC-CERL).
. Capacity Electric :
. . . . Industry . Site : } Electric
City Latitude Longitude Precision Company Type Product Site Name Type S\;ITJIEIF;A) Employees m%lrements Requirement Source
Barisal 22.690121 90.35888 A ’I\BASilll?sl\/ll_t?jteel Cyclical Steel Shape Barisal Office OFFICE
Bangladesh
. Steel and . Plant at
Chittagong | 22.36 91.8 A Engineering Cyclical Tube Chittagong PLANT 0.02 54.70 ESTIMATED
Corp.
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Industry Site Capacity Electric Electric
City Latitude Longjtude Precision Company Product Site Name (mil. Employees Requirements ]
Type Type Requirement Source
MTPA) (MW)
Flat Bar,
Channel, .
Chittagong | 22.331395 91.831244 | S BSRM Steel | o viical | 1Beam, Chittagong OFFICE
Mills Ltd. Office
H Beam,
Shaft
Flat Bar,
Channel, .
Chittagong | 22.870921 91.546463 | S BSRM Steel | o viical | 1Beam, Chittagong PLANT | 0.15 75 PUBLISHED
Mills Ltd. Steel Plant
H Beam,
Shaft
Flat Bar,
. BSRM Steel . Channel, | Chittagong
Chittagong | 22.380432 91.767833 S Mills Ltd. Cyclical Beam, H Steel Plant PLANT 0.15 75 PUBLISHED
Beam, Shaft
Flat Bar,
. BSRM Steel . Channel, | Chittagong
Chittagong | 23.449927 91.185665 S Mills Ltd. Cyclical Beam, H Steel Plant PLANT 0.15 410.28 ESTIMATED
Beam, Shaft
Chittagong | 22.39277778 21'8205555 S KDS Group Cyclical Sheet Head Office OFFICE
Chittagong | 22.49944444 21'7158333 S KDS Group Cyclical Sheet Factory PLANT
. KSRM Steel . Angle, Chan- Corporate
Chittagong | 22.32055 91.811585 S Plant Lid. Cyclical nel Office OFFICE
. KSRM Steel . Angle, Chan- . X
Chittagong | 23.459588 91.17455 S Plant Lid. Cyclical nel Comilla Office | OFFICE
KSRM Billets
Chittagong | 22.503557 91.714607 S KSRM Steel Cyclical Angle, Chan- Industries PLANT 0.2 25 PUBLISHED
Plant Ltd. nel Ltd
KSRM Re-
Chittagong | 22.501614 | 91.716807 | S KSRMSteel | oy ijical | AN€le: Chan- | poling Mills | PLANT | 0.2 25 PUBLISHED
Plant Ltd. nel Ltd
Chittagong
. . Recycled Ship-Breaking
Chittagong | 22.4424 91.732 A Cyclical Steel Yard (Fauzda- DEPOSIT 200,000
hart Beach)
Chittagong | 22.325769 91.813462 | A PHP Steel Cyclical | Sheet Corporate OFFICE
Industries Office
Chittagong | 22.51444444 | 917116666 | o PHP Steel Cyclical | Sheet Production PLANT | 0.25 683.8 ESTIMATED
7 Industries Plant
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Industry Site Capacity Electric Electric
City Latitude Longjtude Precision Company Product Site Name (mil. Employees Requirements ]
Type Type Requirement Source
MTPA) (MW)
Chittagong | 23.451509 91.147599 S SM/?I?SSL%QI Cyclical Tube Factory PLANT
Sheema
Automatic .
Chittagong | 22.327675 91.814144 | S Steel Re- Cyclical | Angle, Billet, | Corporate OFFICE
) ) Channel Office
rolling Mills
Ltd.
Sheema Au-
tomatic .
Chittagong | 22.41444444 | 917561111 | o Steel Re- Cyclical | Ang'e, Billet, | oo mil PLANT
1 ) ) Channel
rolling Mills
Ltd.
T.K. Grou Corporate
Chittagong | 22.338731 91.844335 S . p Cyclical Steel Shape Office OFFICE
of Industries )
(Chittagong)
. 91.7136111 T.K. Group . Karnaphully
Chittagong | 22.5075 1 S of Industries Cyclical Steel Shape Steel Mill PLANT 0.08 218.82 ESTIMATED
Bandar Corporate
Dhaka 23.734126 90.409777 S Steel Indus- Cyclical Billet .p OFFICE
. Office
tries Ltd.
Bandar
Dhaka 23.69 90539355 | S Steel Indus- | Cyclical | Billet Dhaka Steel | p) ant
: Plant
tries Ltd.
Bangladesh
Steel and . National
Dhaka 23.90 90.402103 S Engineering Cyclical Tube Tubes Ltd. PLANT 0.039 49.89 ESTIMATED
Corp.
Bashundhar
Dhaka 23.824559 | 90.42961 s a Steel Cyclical | Billet, Tube | Coreorate OFFICE
Complex Office
Ltd.
Bashundhar
Dhaka 23.80138889 | 20-0372222 | g a Steel Cyclical | Billet, Tube Factory PLANT
2 Complex
Ltd.
Flat Bar,
BSRM Steel . Channel, | Dhaka Corpo-
Dhaka 23.736393 90.412547 S Mills Ltd. Cyclical Beam, H rate Office OFFICE
Beam, Shaft
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Industry Site Capacity Electric Electric
City Latitude Longjtude Precision Company Product Site Name (mil. Employees Requirements ]
Type Type Requirement Source
MTPA) (MW)
Flat Bar,
Dhaka 23.856957 90.40178 s BSRM Steel | jjq | Channel,| Uttara Office | OFFICE
Mills Ltd. Beam, H
Beam, Shaft
Flat Bar,
Dhaka 23.791323 90.36519 s BSRM Steel | (o jjjq | Channel,| DhakaSteel | p ANt | 015 410.28 ESTIMATED
Mills Ltd. Beam, H Plant
Beam, Shaft
Chakda
Steel and Angle, Billet,
Dhaka 23.67067 90.454831 S Re-rolling Cyclical Ingot, Square Factory PLANT
Mills Pvt. Bar, Z Bar
Ltd.
F.M.S. Steel . Steel Pipe
Dhaka 23.695933 90.495717 S Mills Ltd. Cyclical Tube Mill PLANT
Haque Steel . Billet, Various Corporate
Dhaka 23.738071 90.381116 S Group Cyclical Steel Shapes Office OFFICE
Dhaka 23.600147 | 90.614683 | S Haque Steel | o gy | BilleL Various | g0 i PLANT
Group Steel Shapes
Dhaka 23.753898 | 90.391841 | S Hossains Cyclical | Angl&: Chan- 1 poodoffice | OFFICE
Group nel, Flat Bar
Ali & Shohag
Dhaka 23.718842 90.483697 | S Hossains Cyclical | Angle, Chan- | Steels &Re- | ) \nr | 005 400 13.68 ESTIMATED
Group nel, Flat Bar Rolling Co.
Ltd.
Hossains' Angle, Chan- Faisal Steel &
Dhaka 23.721948 90.502059 S Cyclical gle, Re-Rolling Co. PLANT 0.01 227 27.35 ESTIMATED
Group nel, Flat Bar Ltd
Hossains' Angle, Chan- Jamuna Steel
Dhaka 23.638009 90.482862 S Cyclical gle, & Re-Rolling PLANT 0.016 325 43.76 ESTIMATED
Group nel, Flat Bar Co. Ltd
Hossains' Angle, Chan- Tejgaon Re-
Dhaka 23.771742 90.377368 S Cyclical gle, Rolling Co. PLANT 0.015 300 41.03 ESTIMATED
Group nel, Flat Bar Ltd
Dhaka 23711771 | 90.349361 | S Hossains Cyclical | ANEI& Chan— 4 ghoo) il PLANT
Group nel, Flat Bar
Dhaka 23.795688 90.402004 S KDS Group Cyclical Steel Shape Dhaka Office OFFICE
KSRM Steel . Dhaka Office -
Dhaka 23.746518 90.392458 S Plant Ltd. Cyclical Steel Shape Banglamotor OFFICE
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Electric

. . - Industry . Site : . Electric
City Latitude Longjtude Precision Company Type Product Site Name Type mIPA Employees Requirements Requirement Source
) (MW)
KSRM Steel . Dhaka Office -
Dhaka 23.794647 90.414716 S Plant Ltd. Cyclical Steel Shape Gulshan OFFICE
McDonald . Built-up Sec- Corporate
Dhaka 23.770488 90.406399 S Steel Ltd. Cyclical tion, Plate Office OFFICE
McDonald . Built-up .
Dhaka 24.088965 90.373771 A Steel Ltd. Cyclical Section, Plate Steel Mill PLANT 0.15 410.28 ESTIMATED
Rahim Steel Corporate
Dhaka 23.744726 90.447247 S Mills Co. Cyclical Billet, Plate P OFFICE
Office
(Pvt.) Ltd.
Rahim Steel
X . . Dhaka Steel
Dhaka 23.70065 90.532507 S Mills Co. Cyclical Billet, Plate PLANT 0.016 2.5 PUBLISHED
Plant
(Pvt.) Ltd.
Rahim Steel
Mills Co.
(Pvt)
Dhaka 23.678542 | 90.441615 | S Ld./Dia- Cyclical | Billet, Plate | DhakasSteel | o a\Nt | 0,016 25 PUBLISHED
mond Steel Plant
Produces
Co. (Pvt.)
Ltd.
Rahim Steel
Mills Co.
Dhaka 23.70065 90532507 | S (Pvt.) Cyclical | Billet, Plate | DhakasSteel | o a\Nt | 0,016 25 PUBLISHED
Ltd./So- Plant
nargaon
Steels Ltd.
Rani Re- Corporate
Dhaka 23.794377 90.424245 S Rolling Mills | Cyclical Angle, Billet oﬁ,.p OFFICE
Ltd. ice
Rani Re-
Dhaka 23.674811 90.448272 S Rolling Mills | Cyclical Angle, Billet Steel Mill PLANT 500
Ltd.
Sarker Steel . Joist, Deck, Corporate
Dhaka 23.746876 90.392832 S Ltd. Cyclical Wall Panel Office OFFICE
Dhaka 23.919413 90.112158 | S SarkerSteel | o qjigar | J0iSt Deck, Factory PLANT
: ’ Ltd. Wall Panel
SAS Steel . Corporate
Dhaka 23.799327 90.407333 S Mills Ltd. Cyclical Steel Shape Office OFFICE
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Industry Site Capacity Electric Electric
City Latitude Longjtude Precision Company Product Site Name (mil. Employees Requirements ]
Type Type Requirement Source
MTPA) (MW)
Sheema
Automatic
Dhaka 23.719582 90.419016 S Steel Re- Cyclical Steel Shape Dhaka Office OFFICE
rolling Mills
Ltd.
T.K. Grou Corporate
Dhaka 23.751189 90.393294 S . p Cyclical Steel Shape Office OFFICE
of Industries
(Dhaka)
Dhaka 23.743421 | 90.386679 | S Vikrampur | oy cjicgy | ANgle,Chan- )\ eod office | OFFICE
Steel Ltd. nel
Vikrampur . Angle, Chan-
Dhaka 23.813115 90.537975 A Steel Ltd. Cyclical nel Factory PLANT
Khulna 22.915798 89.503482 A ’I\BASilll?sl\/ll_tzteel Cyclical Steel Shape Khulna Office | OFFICE
Khulna 23.449945 91.185765 S ’I\BASilll?sl\/ll_t?jteel Cyclical Steel Shape Comilla Office | OFFICE
Khulna 22.806506 89.569303 S ngtMuS;eel Cyclical Steel Shape Khulna Office OFFICE
Rajshahi 24.839288 89.347628 S ’I\BASilll?sl\/ll_t?jteel Cyclical Steel Shape Bogra Office OFFICE
. ) BSRM Steel . Rajshahi
Rajshahi 24.363326 88.604359 A Mills Ltd. Cyclical Steel Shape Office OFFICE
. ) BSRM Steel . Rangpur
Rajshahi 25.756035 89.230816 S Mills Ltd. Cyclical Steel Shape Office OFFICE
Rajshahi 24.843886 89.36941 S ;Sailt\llusseel Cyclical Steel Shape Bogra Office OFFICE
Sylhet 24.885862 91.88149 S &S“Tzslvll-t%teel Cyclical Steel Shape Sylhet Office OFFICE
Sylhet 24.889181 91.887322 S ;Sailt\/lusgeel Cyclical Steel Shape Sylhet Office OFFICE
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Table A14. Materials Database - India - Steel (ERDC-CERL).

" . . . Industry . . Capacity Electric Require- | Electric Require-
City Latitude Longitude Precision | Company Type Product Site Name Site Type (mil. MTPA) Employees ments (MW) ment Source
Assam 26.182547 91.74129 S JSW Steel Cyclical Steel Shape 8%:52’“8 OFFICE

Satyam Steel . Corporate
Assam 26.160922 91.773636 S Pvt. Ltd. Cyclical Steel Shape Office OFFICE
Steel Author- Corporate
Assam 25.901233 93.696907 S ity of India Cyclical Plate, Sheet P OFFICE
Ltd Office
Steel Author- Bokaro
Bihar 23.67 86.11 S ity of India Cyclical Plate, Sheet PLANT 4.6 5884.32 ESTIMATED
Ltd Steel Plant
. Angle, Round
Chhattis- | 51 »g3ggggy | 516063888 | o Amrit Cyclical Bar, Square | S°¢ | PLANT
garh 9 Bar Rolling Mill
Chhattis- Godawari
garh 21.369973 81.684679 S Power and Is- | Cyclical Billet Steel Mill PLANT 0.3 383.76 ESTIMATED
pat Ltd.
. Jindal Steel
(g)zrhattls- 21.93083333 23'3427777 S and Power Cyclical Plate Plate Mill PLANT 1 894 PUBLISHED
Ltd.
Chhattis- Nalwa Steel Nalwa
arh 22.021991 83.380209 S and Power Cyclical Billet Steel and PLANT
& Ltd. Power Ltd.
Chhattis- Sarda Energy
garh 21.365716 81.681588 S and Minerals | Cyclical Billet Works PLANT
Ltd.
. Sarda Energy
Chhattls- | 54 365716 81.681588 | S and Minerals | Cyclical Billet Head OFFICE
garh Ltd Office
. Sarda Energy .
Chhattis- | 54 908255 83.390436 | A and Minerals | Cyclical Billet Raigarh OFFICE
garh Ltd Office
Angle, Beam, Shri
Chhattis- | 54 305459 81.615691 | A shriBajrang | o e Channel, Bajrang PLANT 0.05 150 63.96 ESTIMATED
garh Alloys Ltd. Flat, H Beam,
Alloys Ltd.
Round Bar
Angle, Beam,
Chhattis- SKS Ispat . Billet, Bloom, Corporate
garh 21.277809 81.601488 S Pyt Ltd. Cyclical Channel, Office OFFICE
H Beam
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. . . - Industry . . Capacity Electric Require- | Electric Require-
City Latitude Longitude Precision | Company Type Product Site Name Site Type (mil. MTPA) Employees ments (MW) ment Source
Angle, Beam,
Chhattis- 81.6466666 SKS Ispat . Billet, Bloom,
garh 2139111111 | 5 s vt Lo Cyclical Channel, Steel Plant | PLANT 0.363 85 PUBLISHED
H Beam
. Steel Author- Beam, Billet, -
Chhattis- | 54 19 81.39 S ity of India Cyclical Bloom, Chan- | Shilaisteel | o anp 3.153 4033.32 ESTIMATED
garh plant
Ltd. nel, Plate
. Tata steel
Chhattis- | 19 o7 81.99 A Tatalronand | o e Plate, Sheet, | jant at PLANT 3 3837.60 ESTIMATED
garh Steel Co. Ltd. Tube
Jagdalpur
g;‘:‘hatt's' 21.257447 81.561251 | A Tirupati Steel | Cyclical Steel Shape ;'j:d Of | oFFice
Chhattis- Tooworth Billet, Bloom, Crest Steel
21.189587 81.199811 S P Cyclical Tube, Various | and Power PLANT 1 1279.20 ESTIMATED
garh Group
Steel Shapes Ltd.
. Topworth
. Billet, Bloom,
Chhattis- | 54 188091 81211992 | S Topworth Cyclical Tube, Various | Steeland | o Any 1 1279.20 ESTIMATED
garh Group Power Pvt.
Steel Shapes
Ltd.
Beam, Angle,
Chhattis- Vandana . Channel, Corporate
garh 21.232994 81.658278 | S bl L. Cyclical H boam. Flat, | Office OFFICE
Joist, Round
Beam, Angle,
Chhattis- Vandana . Channel, .
garh 21.251901 81.625084 | A bl L. Cyclical H bomm, Flat, | Stee!Mill | PLANT 0.225 287.82 ESTIMATED
Joist, Round
Jharkhand | 23.348991 85.304465 | S JSW Steel Cyclical Steel Shape 8%:52’“6 OFFICE
Jamshed-
Jharkhand | 22.79 86.2 s Tatalronand | o e Plate, Sheet, | oirSteel | PLANT 9.7 12408.24 ESTIMATED
Steel Co. Ltd. Tube Plant
Zoom Val- Ingot, Sheet,
Jharkhand | 23.748838 86.151416 | A labh Steels | Cyclical Tugbe' * | SteelMill | PLANT 0.2 3000 255.84 ESTIMATED
Ltd.
I'\;'yeagha' 26.073047 91.872281 | s ﬁsttyﬁg Steel | ¢yaiical Billet Steel Mill | PLANT 0.17 217.46 ESTIMATED
) Billet, Flat,
Orissa 20.51833333 25'7302777 s ﬁtadrt' Steels | ¢yclical Round Bar, | Works PLANT 90 PUBLISHED
) Square Bar
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Capacity

Electric Require-

Electric Require-

City Latitude Longitude Precision | Company Type Product Site Name Site Type (mil. MTPA) Employees ments (MW) ment Source
Action Ispat
Orissa 21.843123 83.98113 S and Power Cyclical Steel Shape Steel Mill PLANT 0.25 319.80 ESTIMATED
Pvt. Ltd.
Billet, Bloom,
Adhunik Channel, Adhunik
Orissa 22.30826 84.764113 S Cyclical Round Bar, Metaliks PLANT 0.45 575.64 ESTIMATED
Group X
Various Steel Ltd.
Shapes
Bhushan Bhushan
Orissa 20.284114 85.815332 S Cyclical Steel Shape Steel and OFFICE
Group .
Strips Ltd.
Bhushan
Orissa 21.761712 84.020053 S Steel and Cyclical Billet Steel Mill PLANT 2.3 376 PUBLISHED
Power Ltd.
Jai Balaii Jai Balaji
Orissa 22.082109 84.857954 A Group J Cyclical Billet Jyoti Steels | PLANT 0.1142 146.08 ESTIMATED
Ltd.
. Steel
Jain Steel )
Orissa 21.91277778 84.0294444 S and Power Cyclical Steel Shape Melting PLANT 0.08 8 PUBLISHED
4 and Power
Ltd.
Plant
Jindal Steel
Orissa 20.88166667 24'9894444 S and Power Cyclical Plate Plate Mill PLANT 1.2 20 PUBLISHED
Ltd.
Orissa 20.96833333 ?6'0491666 A Mesco Steel | Cyclical Plate Steel Plant | PLANT
Orissa 21.8075 55.50805%5 1 5 Cyclical Billet Steel Mill | PLANT
. OCL Iron and . . Registered
Orissa 22.188017 84.580082 A Steel Ltd. Cyclical Billet Office OFFICE
Orissa 22213088 | 84.551887 | S get ronand | cyclical Billet Works PLANT 18 PUBLISHED
84.7744444 Pentagon Cladding
Orissa 19.24805556 ) S Steels India Cyclical Sheet, Roof- Steel Plant PLANT 0.02 25.58 ESTIMATED
4 :
Pvt. Ltd. ing Sheet
Shyam Steel Angle, Beam,
Orissa 22.112995 85.374732 A Industries Cyclical Channel, Steel Mill PLANT 0.280 358.18 ESTIMATED
Ltd. Flat, Round
. Sree ; : Head Of-
Orissa 21.683792 85.4358 A Metaliks Ltd. Cyclical Billet fice OFFICE
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Electric Require-

Electric Require-

City Latitude Longitude Precision | Company Type Product Site Name Site Type (mil. MTPA) Employees ments (MW) ment Source
Orissa 21.683792 85.4358 s Sree Cyclical Billet Steel Mill | PLANT 0.29 28 PUBLISHED
Metaliks Ltd.
Steel Author-
Orissa 22.21 84.86 s ity of India Cyclical Plate, Sheet, | Rourkela PLANT 12.6 16117.92 ESTIMATED
Lid Tube steel plant
Tata steel
Orissa 21.00 86.02 s Tatalronand | o o) Plate, Sheet, | iantat PLANT 3 3837.60 ESTIMATED
Steel Co. Ltd. Tube -
Duburi
) . . Angle, Billet, .
Orissa 20.943447 86.061403 | S Visa Steel Cyclical Bl L | Steel Mill | PLANT 0.5 75 PUBLISHED
Beekay Steel
West Ben- | 55 539922 88.355051 | S and Power Cyclical Steel Shape | CorPOTate | orpiop
gal Ltd Office
WestBen- | 55 551723 88.352488 | S Bhushan Cyclical Steel Shape | CorPOTate | orpiop
gal Group Office
West Ben- Bhushan
o 22.729469 88.314832 | S Steel and Cyclical Sheet, Tube | Steel Mill | PLANT
g Power Ltd.
WestBen- | 55 570969 88.352953 | S Jai Balaji Cyclical Billet, Tube Registered | oricp
gal Group Office
West Ben- Jai Balaji Jai Balaji
23.520857 87.309785 | A Cyclical Billet, Tube Industries | PLANT 1.14623 1466.26 ESTIMATED
gal Group Ltd
g"a‘TSt Ben- | 55546175 88.353214 | S JSW Steel Cyclical Steel Shape g,’friggrate OFFICE
g"a‘TSt Ben- | 55583024 88.44938 s JSW Steel Cyclical Steel Shape g,’friggrate OFFICE
WestBen- | 55 568321 88.350067 | S Mortex Cyclical Steel Shape | COrPOrate | epiop
gal Group Office
g"a‘TSt Ben- | 5 93666667 §8'3861111 s Cyclical Steel Shape | Steel Plant | PLANT
Angle, Chan-
West Ben- Shyam Steel nel, Beam, Corporate
22573745 88.431548 | S Industries Cyclical Round Bar, P OFFICE 14,000
gal Office
Ltd. Square Bar,
Flat, Billet
Angle, Chan-
West Ben- Shyam Steel nel, Beam,
o 23.50855 87.282358 | S Industries Cyclical Round Bar, | SteelMill | PLANT 1.1 1000 PUBLISHED
g Ltd. Square Bar,
Flat, Billet
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. . . - Industry . . Capacity Electric Require- | Electric Require-
City Latitude Longitude Precision | Company Type Product Site Name Site Type (mil. MTPA) Employees ments (MW) ment Source
Angle, Beam,
West Ben- . Channel, Corporate
gl 22.541317 88.356191 S SPS Group Cyclical Flat, Round Office OFFICE
Bar
West Ben- (A)Eglr:e riweBleamy SPS Steels
23.513214 87.331602 S SPS Group Cyclical ’ Re-rolling PLANT 0.6 767.52 ESTIMATED
gal Flat, Round Mill
Bar
Angle, Chan-
nel, Beam, .
WestBen- | 55 545075 88.35502 s Sree Cyclical Round Bar, | Reistered | oepiop
gal Metaliks Ltd. Office
Square Bar,
Flat, Billet
Steel Angle, Beam,
West Ben- | 53 58 86.94 s Authority of | Cyclical Bulb Bar, Burnpur PLANT 15 1918.80 ESTIMATED
gal India Ltd Channel, Z Steel Plant
) Bar
Steel Angle, Beam,
WestBen- | 53 g64624 86.916084 | S Authority of | Cyclical Bulb Bar, ISCO Steel | 5 \nr 25 3198.00 ESTIMATED
gal X Channel, Z Plant
India Ltd.
Bar
2;‘7“ Ben- | 53 52388889 27'1322222 s Tirupati Steel | Cyclical Steel Shape | Steel Mill | PLANT
West Ben- | 55 545113 88.353565 | S Visa Steel Cyclical Steel Shape | CorPorate | orpiop
gal Office
Table A15. Materials Database - Bangladesh - steel (ERDC-CERL).
. . . Capacity Electric Electric Re-
City Latitude Longitude :it::l Company !rndL;stry Product zlz:?ne ?Itee (mil. Employees | Requirements quirement
yp! yp MTPA) (MW) Source
Republic of the No. (1)
Union of Myan- Billet, Sheet, | Ste°!
Mandalay 21.98611111 | 96.40666667 | S TV Cyclical ' ' Mill PLANT 0.988 1263.85 ESTIMATED
mar, Ministry of Slab, Tube (Mying-
Industry ying
yan)
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Preci- Indust Site Site Capacity Electric Electric Re-
City Latitude Longitude sion Company Type ry Product Name Type (mil. Employees | Requirements quirement
yp yp MTPA) (MW) Source
Angle,
Channel
' POSCO
Myanmar POSCO . Beam,
Yangon 16.81 96.22 A Stoel Co. Ltd. Cyclical Round Bar, Steel PLANT 0.03 38.38 ESTIMATED
Plant
Square Bar,
Flat, Billet
Table A16. Materials database - Bangladesh - steel rebar (ERDC-CERL).
- . Capacity . Electric Electric
City Latitude Longitude zir::' Company _Irndt;stry Site Name ?'tee (mil. E;nsploy Quality | Requirements | Requirement
yp w MTPA) (MW) Source
. BSRM Steel . Barisal 400W-
Barisal 22.690121 90.35888 A MIils Ltd. Cyclical | e OFFICE EO0W
Chittagong 22.348398 91.796378 S AKS Cyclical fciggporate OF | oFFIcE 163 500W
Chittagong | 22.47138889 | 91.73416667 | S AKS Cyclical f\\/lﬁtiitgei ’ PLANT | 1.2 163 500W | 1747.2 ESTIMATED
Chittagong 22.44416667 | 91.73972222 | S AKS Cyclical | Steel Mill PLANT 1.2 163 500W | 1535.04 ESTIMATED
Chittagong 22.388363 91.807406 S Asif Steel Mill | Cyclical | Steel Mill PLANT
Baizid Steel
Chittagong 22.37 91.81484 S Industries Cyclical | Factory PLANT 500W | 27 PUBLISHED
Ltd.
Baizid Steel Corporate Of-
Chittagong 22.36 91.821712 S Industries Cyclical ficep OFFICE
Ltd.
. BSRM Steel - Chittagong Of- 400W-
Chittagong 22.331395 91.831244 S Vils Lid. Cyclical | ¢ OFFICE EooW
. BSRM Steel - Chittagong 400W-
Chittagong 22.870921 91.546463 S Vils Ltd. Cyclical | ool Prant PLANT 0.15 soow | 78 PUBLISHED
. BSRM Steel - Chittagong 400W-
Chittagong 22.380432 91.767833 S Vils Ltd. Cyclical | ool Plant PLANT 0.15 soow | 78 PUBLISHED
. BSRM Steel - Chittagong 400W-
Chittagong 23.449927 91.185665 S IS Ltd. Cyclical | ool Prant PLANT 0.15 soow | 41028 ESTIMATED
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Preci- Indust Site Capacity Emblov- Electric Electric
City Latitude Longitude sion Company Tyoe ry Site Name Type (mil. eesp ¥ Quality | Requirements Requirement
yp w MTPA) (MW) Source
Ferdous
Chittagong 22.425349 91.738518 s Steel Cyclical | Steel Mill PLANT
Corporation
Chittagong 22.4609 91.729652 s Et‘(’j'de” Steel | cyclical | Steel Mil PLANT
Chittagong 2236861111 | 91.81555556 | S :\j'"alzﬁéee' Cyclical | Steel Mill PLANT 500W
Chittagong 22.378972 91.769421 s f\;’i‘l’lzdegee' Cyclical | Steel Mill PLANT
Chittagong 22.354041 91.790988 s L(Siris;:e' - | Cyclical | Steel Mil PLANT
. KSRM Steel . Corporate Of- 400W -
Chittagong 22.32055 91.811585 s Bt L Cyclical | >0 OFFICE 00w
KSRM Steel KSRM 400W -
Chittagong 22.503557 91.714607 s Cyclical | Billets PLANT | 0.2 25 PUBLISHED
Plant Ltd. . 500W
Industries Ltd.
. KSRM Steel . KSRM Re-Roll- Z00W -
Chittagong 22.501614 91.716807 s Bt Lo, Cyclical | {“'\iiis 11, | PLANT | 02 soow | 28 PUBLISHED
Madina
Chittagong 22.482921 91.722183 S Oxygen and Cyclical Steel Mill PLANT
Steel Ltd.
Mirza Steel
Chittagong 22.415 91.75305556 | S Re-Rolling Cyclical | Steel Mill PLANT
Mills
. Mirzaboo . Corporate Of-
Chittagong 22.350607 91.825318 s Stoms Lo, Cyclical | >0 OFFICE
. Mirzaboo . .
Chittagong 22.39304 91.817973 S Steels Ltd. Cyclical Steel Mill PLANT
Chittagong
. . Ship-Breaking
Chittagong 22.4424 91.732 A Cyclical | g o da. | DEPOSIT 200000
hart Beach)
Chittagong 22.325769 91.813462 A PHP SteelIn- | ¢ cjicar | COTPOTate OF | oepiep 500W
dustries fice
Chittagong | 22.51444444 | 91.71166667 | S sr;r?;‘:e' -1 cycical Elr;’gtuc“on PLANT | 0.25 500W | 683.8 ESTIMATED
Ratanpur 300W-
Chittagong 22.340416 91.814707 s Steel Re-Roll- | Cyclical | Head Office OFFICE 400W-
ing Mills Ltd. 500W
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Preci- Indust Site Capacity Emblov- Electric Electric
City Latitude Longitude - Company Y | Site Name (mil. ploy Quality | Requirements | Requirement
sion Type Type MTPA) | €S (MW) Source
Ratanpur 300W-
Chittagong 22.391054 91.811175 s Steel Re-Roll- | Cyclical | Factory PLANT 400W-
ing Mills Ltd. 500W
. S. L. Steel & . .
Chittagong 22.45944444 | 91.73166667 | S Re-Rolling Cyclical | Steel Mill PLANT
Saleh Steel
Chittagong 22.374036 91.813118 s Re-Rolling Cyclical | Steel Mill PLANT
Mill
Chittagong | 23.451509 | 91.147599 | S m?ssl_t%e' Cyclical | Factory PLANT 500W
tsohrﬁZ?caS/i:eﬂ Corporate 300wW-
Chittagong 22.327675 91.814144 s ( Cyclical P OFFICE 400W-
Re-rolling Office 500W
Mills Ltd.
tsohrﬁzgqcas/i:_el 300wW-
Chittagong 2241444444 | 91.75611111 | S Rerolling Cyclical | Steel Mill PLANT 400W-
Mills Ltd. 500w
Sitalpur Auto Corporate
Chittagong 22.372451 91.774934 s Steel Mills Cyclical P OFFICE 500W
Ltd Office
Sitalpur Auto
Chittagong 22.372451 91.774934 A Steel Mills Cyclical | Steel Mill PLANT | 0.15 500W | 410.28 ESTIMATED
Ltd.
Chittagong 22.346342 91.838234 s United Steel | o ical | Steel Mill PLANT
Industries
Dhaka 23.797373 90.365145 A AKS Cyclical g?fri‘c’grate OFFICE 163 500W
Ambient Corporate 300W-
Dhaka 23.734029 90.409874 s Steel (BD) Cyclical Ofﬁ‘c’e OFFICE 400W-
Ltd. 500W
Ambient 300W-
Dhaka 23.816395 90.538528 A Steel (BD) Cyclical | Steel Mill PLANT 400W-
Ltd. 500W
Baizid Steel
Dhaka 23.75 90.391732 S Industries Cyclical Dhaka Office OFFICE
Ltd.
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Preci- Indust Site Capacity Emblov- Electric Electric
City Latitude Longitude - Company Y | Site Name (mil. ploy Quality | Requirements | Requirement
sion Type Type MTPA) | €S (MW) Source
Bandar Steel Corporate 300W-
Dhaka 23.734126 90.409777 s Industries Cyclical Ofﬁ‘c’e OFFICE 400W-
Ltd. 500W
Bandar Steel Dhaka Steel 300W-
Dhaka 23.69 90.539355 S Industries Cyclical Plant PLANT 400W-
Ltd. 500W
Based &
Dhaka 23.687146 90.434484 s Sons Steel Cyclical | Steel Mill PLANT
Re-Rolling
Mills
Bashundhara
Dhaka 23.824559 90.42961 s Steel Cyclical | CorPorate Of | piop 300wW-
fice 400W
Complex Ltd.
Bashundhara 300W-
Dhaka 23.89138889 | 90.03722222 | S Steel Cyclical | Factory PLANT
400W
Complex Ltd.
Bipasha
Dhaka 23.69 90.45861111 | S Steel Fabri- | o ol | steel Ml PLANT
cation and
Hardware
Dhaka
Dhaka 23.736393 | 90.412547 | S BSRM Steel | ¢ cjical | Corporate OFFICE 400W-
Mills Ltd. . 500W
Office
BSRM Steel . ) Z00W-
Dhaka 23.856957 90.40178 s VIS Ltd, Cyclical | Uttara Office | OFFICE 00w
BSRM Steel . Dhaka Steel 400W-
Dhaka 23.791323 90.36519 s VIS Ltd, Cyclical | o PLANT | 0.15 soow | 41028 ESTIMATED
s S
Dhaka 23.67067 90.454831 s anag K Cyclical | Factory PLANT 400W-
ing Mills Pvt.
500W
Ltd.
Chittagong
Dhaka 23.632934 90.477218 s Steel Works | Cyclical | Steel Mill PLANT
Ltd.
Chittagong Corporate
Dhaka 23.810912 90.413275 A Steel Works | Cyclical P OFFICE
Ltd Office
Dhaka 23.695933 90.495717 s Emﬁgmm Cyclical | Steel Pipe Mill | PLANT
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City Latitude Longitude sion Company Tyoe Y | site Name Type (mil. eesp ¥ Quality | Requirements Requirement
yp! yp MTPA) (MW) Source
Fajlul Karim
Dhaka 23.79694444 | 90.26305556 | S Steeland Re- | o o) | Dhaka Steel PLANT
rolling Mills Plant
Ltd
Dhaka 23.738071 | 90.381116 | S Haque Steel | ¢ ojicq | COrPOTate OFFICE
Group Office
Dhaka 23600147 | 90.614683 | S gfg&‘; Steel | cylical | Steel Mill PLANT
Dhaka 23.753898 | 90.391841 | S g‘r’g‘jgi”s' Cyclical | Head Office | OFFICE
All & Shohag
Dhaka 23.718842 90.483697 s Hossains Cyclical | Steels & PLANT | 0.005 | 400 13.68 ESTIMATED
Group Re-Rolling Co.
Ltd.
Hossains' Faisal Steel &
Dhaka 23.721948 90.502059 s Groun Cyclical | Re-Rolling Co. | PLANT | 0.01 207 27.35 ESTIMATED
Ltd.
Hossains' Jamuna Steel
Dhaka 23.638009 90.482862 s G Cyclical | &ReRoling | PLANT | 0.016 | 325 43.76 ESTIMATED
P Co. Ltd.
Hossains' Tejgaon Re-
Dhaka 23.771742 90.377368 s Groun Cyclical | Rolling Co. PLANT | 0.015 | 300 41.03 ESTIMATED
Ltd.
Dhaka 23.711771 90.349361 s gfgjs'”s Cyclical | Steel Mill PLANT
Jalalabad Corporate Of-
Dhaka 23.876106 90.384246 | A Steel Cyclical | S0P OFFICE
- fice
Building Ltd.
Jalalabad
Dhaka 23.79777778 | 90.2625 s Steel Cyclical | DhakasSteel | o \np
- Plant
Building Ltd.
Jalalabad Dhaka Steel
Dhaka 23.79361111 | 90.25611111 | S Steel Cyclical PLANT
- Plant
Building Ltd.
KSRM Steel . Dhaka Office - 200W-
Dhaka 23.746518 90.392458 | S Bt Lo Oyclical | o000 oo | OFFICE 00w
KSRM Steel . Dhaka Office - 200W-
Dhaka 23.794647 90.414716 | S Bt Lo Cyolical | gote ™ OFFICE 00w
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City Latitude Longitude - Company Y | Site Name (mil. ploy Quality | Requirements | Requirement
sion Type Type MTPA) | €S (MW) Source
Magnum Corporate
Dhaka 23.776946 90.414094 s Steel Indus- | Cyclical P OFFICE 500W
. Office
tries Ltd.
Magnum
Dhaka 23.554084 90.659124 s Steel Indus- | Cyclical | Steel Mill PLANT 500W
tries Ltd.
Mohammadi
Dhaka 23.707525 90.503658 s Steel Works | Cyclical | Steel Mill PLANT
Ltd.
Mohammadi Corporate
Dhaka 23.734026 90.40987 s Steel Works | Cyclical P OFFICE
Ltd Office
Dhaka 23.797228 90.263372 s Cyclical | SteelReRoll- 15 \\r
ing Factory
Pioneer Steel
Dhaka 23.678471 90.443711 s Re-Rolling Cyclical | Steel Mill PLANT
Mills Ltd.
Premier
Dhaka 23.751672 90.54346 s Steeland Re- | o o | steel il PLANT
Rolling Mills
Ltd.
Purbachal
Dhaka 23.771422 90.401887 s Steel Mills Cyclical | Corporate OFFICE 400W-
Ltd Office 500W
Purbachal A00W-
Dhaka 23.993879 90.406488 s Steel Mills Cyclical | Factory PLANT
o 500W
Rahim Steel Corporate
Dhaka 23.744726 90.447247 s Mills Co. Cyclical P OFFICE
Office
(Pvt.) Ltd.
Rahim Steel Dhaka Steel
Dhaka 23.70065 90.532507 s Mills Co. Cyclical PLANT | 0.016 2.5 PUBLISHED
Plant
(Pvt.) Ltd.
Rahim Steel
Mills Co.
Dhaka 23.678542 90.441615 s (Pvt) Ltd./Di- | (o gy | Dhaka Steel PLANT | 0.016 25 PUBLISHED
amond Steel Plant
Produces Co.
(Pvt.) Ltd.
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Preci- Indust Site Capacity Emblov- Electric Electric
City Latitude Longitude - Company Y | Site Name (mil. ploy Quality | Requirements | Requirement
sion Type Type MTPA) | ©€S (MW) Source
Rahim Steel
Mills Co.
Dhaka 23.70065 90532507 | S (Pvt.) Cyclical | DnakasSteel | o ANt | 0.016 25 PUBLISHED
Ltd./So- Plant
nargaon
Steels Ltd.
300W-
Rani Re-Roll- . Corporate Of- 400W-
Dhaka 23.794377 90.424245 S ing Mills Ltd. Cyclical fice OFFICE 500W-
550W
300W-
Rani Re-Roll- . . 400W-
Dhaka 23.674811 90.448272 S ing Mills Ltd. Cyclical Steel Mill PLANT 500 500W-
550W
Ratanpur Corporate Of- 300W-
Dhaka 23.788542 90.416085 S Steel Re-Roll- | Cyclical ficep OFFICE 400W-
ing Mills Ltd. 500W
Ratanpur 300W-
Dhaka 23.731602 90.418162 S Steel Re-Roll- | Cyclical Share Dept. OFFICE 400W-
ing Mills Ltd. 500W
SAS Steel . Corporate
Dhaka 23.799327 90.407333 S Mills Ltd. Cyclical Office OFFICE
. Corporate 400W-
Dhaka 23.780752 90.402819 S SCRM Cyclical Office OFFICE 500W
Dhaka 23.880227 90.402474 A SCRM Cyclical Factory PLANT ggngv
Shahriar Factory and 300W-
Dhaka 23.717644 90.466548 S Steel Re-Roll- | Cyclical Head (y)ffice PLANT 400W-
ing Mills Ltd. 500W
Shampur
Dhaka 23.68527778 | 90.43638889 | S Based Steel | Cyclical | DnakaSteel PLANT
- Plant
Mills Ltd.
Shampur Dhaka Steel
Dhaka 23.96666667 | 90.40194444 | S Based Steel Cyclical PLANT
R Plant
Mills Ltd.
tsohn(:;?casﬁz;sl 300W-
Dhaka 23.719582 90.419016 S Re-rollin Cyclical Dhaka Office OFFICE 400W-
Mills Ltdg 500w
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City Latitude Longitude . Company Y | site Name (mil. ploy Quality | Requirements | Requirement
sion Type Type MTPA) | ©€S (MW) Source
Dhaka 23.752446 90.379773 s SSSteel PVt | (o jjcq) | COrporate OFFICE 500W
Ltd. Office
Dhaka 23.89565 90.394435 S ftSdStee' Pl cyclical | Factory PLANT 500W
Dhaka 23.71805556 | 90.47583333 | S %‘gﬁ,\aﬂiﬁ:’m”' Cyclical | Steel Mill PLANT
Vikrampur . ) 300W-
Dhaka 23.743421 90.386679 S Stol Lo, Cyclical | Head Office OFFICE 00w
Vikrampur . 300W-
Dhaka 23.813115 90.537975 A Stol Lo, Cyclical | Factory PLANT 00w
BSRM Steel . ) Z00W-
Khulna 22.915798 89.503482 A VIS Lid. Cyclical | Khulna Office | OFFICE 00w
BSRM Steel . . . Z00W-
Khulna 23.449945 91.185765 S VIS Lid. Cyclical | Comilla Office | OFFICE 00w
Khulna 22783093 | 89.580982 | S Koreshi Steel | o cjical | Industrial Area | PLANT
Industry Ltd.
KSRM Steel . . . Z00W -
Mongla 23.459588 91.17455 S Bt Lo, Cyclical | Comilla Office | OFFICE 00w
KSRM Steel . ) Z00W -
Mongla 22.806506 89.569303 S Bt Lo, Cyclical | Khulna Office | OFFICE 00w
— BSRM Steel . ) Z00W-
Rajshahi 24.839288 89.347628 S VIS Ltd, Cyclical | BograOffice | OFFICE 00w
— BSRM Steel . Rajshahi OF- Z00W-
Rajshahi 24.363326 88.604359 A VIS Ltd, Cyclical | o OFFICE 00w
. . BSRM Steel . Rangpur Of- 400W-
Rajshahi 25.756035 89.230816 S VIS Lid. Cylical | & OFFICE 00w
— KSRM Steel . ) Z00W -
Rajshahi 24.843886 89.36941 S Plant Ltd. Cyclical Bogra Office OFFICE 500W
BSRM Steel . . Z00W-
Sylhet 24.885862 91.88149 S VIS Lid. Cyclical | SylhetOffice | OFFICE 00w
KSRM Steel . . Z00W -
Sylhet 24.889181 91.887322 S Bt L Cyclical | SylhetOffice | OFFICE 00w
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Table A17. Materials database - India - steel rebar (ERDC-CERL).

Indust Site Capacity Employ- Electric Electric
City Latitude Longitude Precision | Company Type ry Site Name Type (mil. eesp ¥ Quality | Require- Requirement
yp yp MTPA) ments (MW) Source
Assam 26182547 | 91.74129 | s JSW Steel Cyclical 8?f’iggrate OFFICE
Steel Authority . Corporate
Assam 25.901233 93.696907 S of India Ltd. Cyclical Office OFFICE
) Anjani Steel ; ) )
Chhattisgarh 22.014354 83.402977 | A Ltd Cyclical Rolling Mill PLANT 0.125 500 12 PUBLISHED
Shri Bajrang
Chhattisgarh 21.293755 81.615774 S Goel Group Cyclical Power and PLANT 0.128 26 PUBLISHED
Ispat Ltd.
Chhattisgarh | 21.251376 81.62969 | S Monnet Group | Cyclical g?f‘?ésetered OFFICE
Monnet
Chhattisgarh 21.243864 81.770947 S Monnet Group Cyclical Ispat and PLANT 0.75 959 ESTIMATED
Power Ltd.
Monnet
Chhattisgarh 21.226538 81.773203 S Monnet Group | Cyclical Ispat and PLANT 0.75 959 ESTIMATED
Power Ltd.
Nalwa Steel Nalwa Steel
Chhattisgarh 22.021991 83.380209 S Cyclical and Power PLANT
and Power Ltd. Ltd
Prakash Rolled Prod-
Chhattisgarh 21.262881 81.614732 | A ) Cyclical ucts Divi- PLANT 0.45 576 ESTIMATED
Industries Ltd. sion
. Prakash Indus- . Corporate
Chhattisgarh 21.262881 81.614732 S tries Lid. Cyclical Office OFFICE
Chhattisgarh | 22.06916667 | 52139833 | Rishilronand | o icar | steel Mill PLANT
33 Steel
Sarda Energy
Chhattisgarh 21.365716 81.681588 S and Minerals Cyclical Works PLANT
Ltd.
Sarda Energy
Chhattisgarh 21.365716 81.681588 S and Minerals Cyclical Head Office OFFICE
Ltd.
Sarda Energy Raigarh OF-
Chhattisgarh 21.908255 83.390436 | A and Minerals Cyclical ficeg OFFICE
Ltd.
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Indust Site Capacity Embplov- Electric Electric
City Latitude Longitude Precision | Company Tyoe Y | Site Name Tyoe (mil. eesp ¥ Quality | Require- Requirement
yp yp MTPA) ments (MW) | Source
Chhattisgarh | 21.277809 81.601488 | S SKSlspat Pvt. | ¢ ijjcqr | COrporate OFFICE
Ltd. Office
Chhattisgarh | 21.39111111 2?646666 s ftzs Ispat PVt | o lical | SteelPlant | PLANT | 0.165 85 PUBLISHED
Chhattisgarh | 21.19 81.39 s Steel Authority | ¢ oyoqy | BhilaiSteel | o \\r | 3,153 4033 ESTIMATED
of India Ltd. Plant
Tata Iron and Tata Steel
Chhattisgarh | 19.07 81.99 A Cyclical | Plantat PLANT | 3 3838 ESTIMATED
Steel Co. Ltd.
Jagdalpur
Chhattisgarh 21.257447 81.561251 A Tirupati Steel Cyclical Head Office OFFICE
Tooworth Crest Steel
Chhattisgarh | 21.189587 81.199811 | S Grgup Cyclical | and Power | PLANT | 1 1279 ESTIMATED
Ltd.
Topworth
Chhattisgarh | 21.188091 81.211992 | S Topworth Cyclical | Steeland PLANT | 1 1279 ESTIMATED
Group Power Pvt.
Ltd.
. Vandana . Corporate
Chhattisgarh | 21.232994 81.658278 | S . Cyclical | Gocb OFFICE
Chhattisgarh | 21.251901 81.625084 | A \éfgg:l“& g Cyclical | Steel Mill PLANT | 0.1 128 ESTIMATED
Jharkhand 23.348991 85.304465 | S JSW Steel Cyclical 8?f’iggrate OFFICE
Jharkhand 22.79 86.2 s Tatalronand | o ooy | Jamshedour | o \\r o | g7 12408 ESTIMATED
Steel Co. Ltd. steel plant
Meghalaya | 26.073047 | 91.872281 | S ﬁj,:yfg Steel | cygiical | Steel Mil PLANT
Adhunik
Orissa 22.30826 84.764113 | S Adhunik Group | Cyclical | Metaliks PLANT | 0.45 576 ESTIMATED
Ltd.
Orissa 22112995 | 85.374732 | A shyam Steel | ool | steel Mil PLANT | 0.280 358 ESTIMATED
Industries Ltd.
Orissa 21.683792 85.4358 A f{ge Metaliks | ooclical | Head Office | OFFICE
Orissa 21.683792 85.4358 s Sree Metaliks | o cjical | Steel Mil PLANT | 0.12 28 PUBLISHED

Ltd.
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City Latitude Longitude Precision | Company Tyoe Y | Site Name Tyoe (mil. eesp ¥ Quality | Require- Requirement
o o MTPA) ments (MW) | Source
. Steel Authority . Rourkela
Orissa 22.21 84.86 S o i Lt Cyclical | got oy | PLANT | 126 16118 ESTIMATED
Tata Iron and Tata Steel
Orissa 21.00 86.02 S Cyclical | Plantat PLANT | 3 3838 ESTIMATED
Steel Co. Ltd. X
Duburi
Orissa 20.943447 86.061403 | S Visa Steel Cyclical | Steel Mill PLANT | 05 75 PUBLISHED
Banga Laxmi Corporate
West Bengal | 22.496019 88.373489 | S Steel Trading | Cyclical 0 OFFICE
Office
Company Ltd.
Barjora Steel
West Bengal | 23.506352 87.319192 | S and Re-Rolling | Cyclical | Steel Mill PLANT
Mills
Beekay Steel . Corporate
West Bengal | 22.539922 88.355051 | S e g, | Cyelical | PO OFFICE
West Bengal | 22.570969 88.352953 | S Jai Balaji Cyclical | Registered | qppop
Group Office
West Bengal | 23.520857 | 87.309785 | A Jai Balaji Cyclical | 221 Balailin- 1o anr | 0.36 461 ESTIMATED
Group dustries Ltd.
West Bengal | 22.546175 88.353214 | S JSW Steel Cyclical g?friggrate OFFICE
West Bengal | 22.583024 88.44938 | S JSW Steel Cyclical g?friggrate OFFICE
West Bengal 22.93666667 ??'386111 S Cyclical Steel Plant PLANT
Shyam Steel . Corporate
West Bengal | 22.573745 88.431548 | S o L, | Cyelical | S2EPO OFFICE 14,000
West Bengal | 23.50855 87.282358 | S Shyam Steel Cyclical | Steel Mill PLANT | 1.1 1000 PUBLISHED
Industries Ltd.
West Bengal | 22.545075 | 8835502 | S Sree Metaliks | ¢ ojica) | RegiStered | oepice
Ltd. Office
. Corporate 500 -
West Bengal | 22.568451 88.355946 | S SRMB Steel Cyclical | Geco? OFFICE =50
West Bengal | 22.686246 | 88.290092 | A SRMB Steel Cyclical | Works PLANT ggg :
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City Latitude Longitude Precision | Company Tyoe Y | Site Name Tyoe (mil. eesp ¥ Quality | Require- Requirement
yp yp MTPA) ments (MW) | Source
West Bengal | 23.503183 87.307679 | A SRMB Steel Cyclical | Works PLANT ggg :
West Bengal | 23.55 87.248876 | S Steel Authority | o yioqy | DUrgaPUr - o) aNp | 5474 7002 ESTIMATED
of India Ltd. steel plant
West Bengal | 23.664624 86.916084 | S Steel Authority | ioqy | ISCOSteel | o it | 25 3198 ESTIMATED
of India Ltd. Plant
West Bengal | 2352388889 | 50132777 | s Tirupati Steel | Cyclical | Steel Mill PLANT
West Bengal | 22.545113 88.353565 | S Visa Steel Cyclical 8?f’iggrate OFFICE
Table A18. Materials database - Myanmar - steel rebar (ERDC-CERL).
- . Capacity . Electric Electric
City Latitude Longjtude ziroe:l Company !rndL;stry Site Name ?Itee (mil. E;nsploy Quality Requirements | Requirement
w yp MTPA) (MW) Source
Myanmar
Yangon 16.81 96.22 A POSCO Steel | Cyclical | POSCOSteel | o aNt | 0.03 38 ESTIMATED
Plant
Co. Ltd.
Table A19. Materials database - Bangladesh - timber (ERDC-CERL).

. . " . Industry . Site Capacity
City Latitude Longjtude Precision Company Product Type Site Name Type (hectares) Employees
Barisal 23.28311 | 89.5051 A Regular | Ata DangaBaorWild- 1 g

life Sanctuary

Barisal 21.89247 | 90.068 Regular Sundarban Delta DEPOSIT
Barisal 21.895 90.4374 A Regular Char Kasem DEPOSIT
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. . " . Industry . Site Capacity
City Latitude Longjtude Precision Company Product Type Site Name Type (hectares) Employees
Barisal 22.06273 | 90.3908 A Regular Mangrove Forest DEPOSIT
Barisal 22.13505 | 90.3924 A Regular Mangrove Forest DEPOSIT
Barisal 21.93751 | 90.6481 A Regular | Char Kukrimukri DEPOSIT | 2106
Barisal 21.88759 | 90.7357 A Regular Mangrove Forest DEPOSIT
Barisal 22.06625 | 91.0033 A Regular | Nihum Dweep Na- DEPOSIT

tional Park
Chittagong | 23.39603 | 92.1401 A Regular ?,\Z‘gtrtt?ﬁo”g Hill Tracts | pepog)r
Chittagong 22.79384 | 92.1824 A Regular giﬁta' Pulpwood Divi- | epogyy
Chittagong | 22.2048 | 92.5167 A Regular gf‘v?gi:]ba” Pulpwood | hepog)T

Shangu-Matamuhuri
Chittagong 21.48448 | 92.495 A Regular Wildlife Sanctuary: DEPOSIT

Lama Forest Divison
Chittagong 21.35409 | 92.0418 A Regular 'F',';TkCha” National DEPOSIT | 7935
Chittagong 21.35409 | 92.0418 A Regular Teknaf Game Reserve DEPOSIT | 10225
Chittagong 21.9079 | 92.1347 A Regular &ha”r;at' Wildiife Sanc- | pepogir | 7410
Chittagong 21.9079 | 92.1347 A Regular gh'mb“k Wildlife DEPOSIT

anctuary
Chittagong | 22.82844 | 91.6124 A Regular gﬂsffed Evergreen For- | pepogit
Chittagong 22.41791 | 91.7787 A Regular Kassalong Hill Forest DEPOSIT | 19190
Dhaka 24.09086 | 90.4085 A Regular | Bhawal National Park | DEPOSIT | 5022
Dhaka 24.33755 | 90.3256 A Regular g:f;gam National DEPOSIT
Khulna 22.32589 | 89.5491 A Regular The Sundarbans DEPOSIT | 401600
Khulna 21.89806 | 89.8016 A Regular g“”darba” Wildiife DEPOSIT | 23198
anctuary (East)

Khulna 21.79895 | 89.4066 A Regular | Sundarban Wildiife DEPOSIT | 20094

Sanctuary (South)
Khulna 21.74991 | 89.2386 A Regular | Sundarban Wildiife DEPOSIT | 41250

Sanctuary (West)
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City Latitude Longjtude Precision Company Product _Irr;cri)léstry Site Name %i}:e &aeﬁgi:gs) Employees
Khulna 2266911 | 89.768 A Regular SBii%erhat Forest Divi- | pepogr
Mymensingh | 24.68084 | 90.103 A Regular ’,:"':t?:r‘]‘apl”g ;r”k”g'e DEPOSIT | 8438
Rangpur 25.43173 | 89.0583 A Regular E:r‘t’(abga”j National | hepogT
Rangpur 25.54866 | 88.9299 A Regular Forest DEPOSIT
Rangpur 25.54331 | 88.5515 A Regular Dharmarpur Forest DEPOSIT
Rangpur 25.66702 | 88.4892 A Regular ?::Esagar National DEPOSIT
Rangpur 25.88981 | 88.5634 A Regular Singra National Park DEPOSIT
Rangpur 25.84724 | 88.6616 A Regular Birganj National Park DEPOSIT
Rangpur 25.86788 | 88.7008 A Regular | Beltoli Shalbon DEPOSIT
Rangpur 26.18298 | 89.0539 A Regular Teesta Barrage Park DEPOSIT
Rangpur 26.09649 | 89.1982 A Regular Shal Bagan DEPOSIT

Sylhet 24.14392 | 91.4378 A Regular ﬁgf&"hha” National DEPOSIT

Sylhet 24.12258 | 91.6309 A Regular gz;”earv’éf‘j'igfsst DEPOSIT | 1795
Sylhet 2424413 | 91.9131 A Regular Z:gka”d‘ Reserve For- | hepogit

Sylhet 24.42444 | 92.0762 A Regular Muraichhara Eco Park | DEPOSIT

Sylhet 24,6297 | 92.2205 A Regular 'I\D";f(habk””da Eco DEPOSIT

Sylhet 24.9994 | 92.0832 A Regular | Dalair Haor DEPOSIT

Sylhet 24.95836 | 91.9333 A Regular g;‘f‘kdim”agar National | hepog

Sylhet 25.01363 | 91.9265 A Regular Z:ttarg”' Swamp For- | pepogyr

Sylhet 24.34207 | 91.7982 A Regular 'F',Z‘;’ka"hara National | hepogyy

Sylhet 24.46463 | 91.7842 A Regular Barshijora Eco Park DEPOSIT

Sylhet 2491714 | 91.9062 A Regular Tilagor Reserve Forest | DEPOSIT
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. . " . Industry . Site Capacity
City Latitude Longjtude Precision Company Product Type Site Name Type (hectares) Employees
. TK Group of . )
Chittagong 22.33826 | 91.8443 Industries Regular Chittagong Office OFFICE
. AK Khan Head Office - Chitta-

Chittagong 22.34784 | 91.8097 Plywood Regular gong OFFICE

Dhaka 23.75118 | 90.3933 TK Group of Regular | Dhaka Office OFFICE
Industries

Dhaka 23.7702 | 90.4063 ngtfg Star Regular | Corporate Office OFFICE

Dhaka 23.79077 | 90.4043 Amber Regular Amber Boards OFFICE

Dhaka 23.75399 | 90.3918 MRS . Regular Dhaka Office OFFICE 1200
Industries Ltd.

Dhaka 23.79504 | 90.4266 Safeway Tropi- Regular | Corporate Office OFFICE 11-20
cal Products

Dhaka 23.78232 | 90.4164 AK Khan Regular | Dhaka Office OFFICE
Plywood

Dhaka 23.72669 | 90.4191 AKIJ Group Regular Corporate Office OFFICE 1001-5000
Diamond

Dhaka 23.72694 | 90.4205 Particle Board Regular Corporate Office OFFICE
Mills Ltd.

Khulna 23.89791 | 89.119 Woodland Regular Registered Office OFFICE 50

Rajshahi 24.85475 | 89.361 Azad Group Regular Corporate Office OFFICE
Diamond

Rangpur 25.7718 89.2277 Particle Board Regular Corporate Office OFFICE
Mills Ltd.

Barisal 21.98312 | 90.2225 Saw Mill Regular PLANT

Barisal 21.9523 | 90.2599 EA?I'I'yatO" Saw Regular PLANT

Barisal 22.06043 | 90.3203 a‘?ﬁi Bari Saw Regular PLANT

Barisal 22.18058 | 90.3632 Saw Mill Regular PLANT
Sonakhali

Barisal 221806 | 90.3632 Julekhara Bazar Regular PLANT
Saw Mill 1

Barisal 22.26125 | 90.336 Badura Saw Mill Regular PLANT

Barisal 22.71364 | 90.3616 Saw Mill Regular PLANT

Barisal 22.76349 | 90.3936 Howlader Saw Regular PLANT
and Rice Mill
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. . " . Industry . Site Capacity
City Latitude Longjtude Precision Company Product Type Site Name Type (hectares) Employees
Barisal 22.84765 | 90.277 Seyam Sefat Regular PLANT

Saw Mill
Barisal 22.86884 | 90.3206 Saw Mill Regular PLANT
Chittagon 22.33909 | 91.8127 HK Timber Regular PLANT 50000~
gong : : g 100000
Chittagong 21.84229 | 92.0636 Saw Mill Regular PLANT
Chittagong 22.05282 | 92.1103 Al Safa Saw Mill Regular PLANT
Chittagong 22.3281 91.8356 Star Saw Mill Regular PLANT
Chittagong 22.38876 | 91.8621 Zilani Saw Mill Regular PLANT
. Sobura Timber
Chittagong 22.88653 | 91.5365 and Saw Mill Regular PLANT
Chittagong 22.89954 | 91.5337 Saw Mill Regular PLANT
Chittagong 23.15307 | 91.4736 Saw Mill Regular PLANT
Chittagong 22.9017 91.403 Mita Saw Mill Regular PLANT
Chittagong | 22.86465 | 91.2605 m’l’” Bhai Saw Regular PLANT
Chittagong 2281815 | 90.8332 ;‘i‘ﬁ‘“' Amin Saw Regular PLANT
Chittagong | 22.98571 | 91.0215 Sg\';"?mﬁarwar Regular PLANT
Chittagong | 23.08945 | 90.9605 &‘i’ﬁo'k"t Saw Regular PLANT
Chittagong 23.13578 | 90.7862 Rupsa Wood Regular PLANT
Saw Mill
Shahid and
Chittagong 23.13492 | 90.7832 Brothers Saw Regular PLANT
Mill
Chittagong 23.22201 | 91.2377 Ma Saw Mill Regular PLANT
Shakil Enter-
Chittagong 23.44018 | 91.0501 prise and Auto Regular PLANT
Saw Mill
Chittagong | 23.44491 | 91.0848 g;‘;”,\‘/’lﬁrha'a Regular PLANT
Chittagong 23.51969 | 91.0914 Salim Auto Saw Regular PLANT

Mill
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. . " . Industry . Site Capacity
City Latitude Longjtude Precision Company Product Type Site Name Type (hectares) Employees
Kashipur
Chittagong 23.66062 | 90.8468 Timber and Saw Regular PLANT
Mill
Chittagong 23.68365 | 90.7789 Faruq Saw Mill Regular PLANT
. AK Khan
Chittagong 22.38173 | 91.8646 Plywood Regular PLANT
Dhaka 23.8025 | 90.3746 Comilla Crop Regular PLANT
Saw Mill
Dhaka 23.82244 | 90.3651 Kamal Timber Regular PLANT
and Saw Mill
Dhaka 23.82244 | 90.3651 Motlob Timber Regular PLANT
and Saw Mill
Dhaka 23.82244 | 90.3651 New Chittagong Regular PLANT
Saw Mill
Ahmed Timber
Dhaka 23.82882 | 90.3902 Complex and Regular PLANT
Saw Mill
Dhaka 23.78611 | 90.4263 GM Timber Regular PLANT
Dhaka 23.69431 | 90.4893 Raj Timber and Regular PLANT
Saw Mill
New Quality
Dhaka 23.81896 | 90.4148 Timber and Saw Regular PLANT
Mill
Chittagong
Dhaka 23.71806 | 90.4221 Timber Works Regular PLANT
Dhaka 22.32447 | 91.8246 HK Timber Regular PLANT 21-50
Dhaka 23.77176 | 90.3562 %a'li_? dTimber Regular PLANT 101-200
Dhaka 23.74428 | 90.3797 Marzuk Regular PLANT 21-50
International
Dhaka 23.72624 | 90.435 Gumati Timber Regular PLANT 51-100
Complex Ltd.
Dhaka 23.74953 | 90.4263 Nannu Timber Regular PLANT
and Saw Mill
Dhaka 23.71052 | 90.4363 Tauhid Saw Mill Regular PLANT
Chittagong
Dhaka 23.85693 | 90.4066 Timber Traders Regular PLANT
and Saw Mill
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City

Latitude

Longitude

Precision

Company

Product

Industry
Type

Site Name

Site
Type

Capacity
(hectares)

Employees

Dhaka

23.85706

90.4066

National Timber
and Saw Mill

Regular

PLANT

Dhaka

23.76041

90.352

Welcome
Timber and Saw
Mill

Regular

PLANT

Dhaka

23.81215

90.3945

Mahbub Saw
Mill

Regular

PLANT

Dhaka

23.79484

90.3735

Shah Timber
and Saw Mill

Regular

PLANT

Dhaka

23.85377

90.26

Akhil Timber,
Saw Mill and
Furniture

Regular

PLANT

Dhaka

23.85362

90.2599

Tangail Timber
and Saw Mill

Regular

PLANT

Dhaka

23.85352

90.2599

New Rajdhani
Timber and Saw
Mill

Regular

PLANT

Dhaka

23.85372

90.2599

Goni Timber
and Saw Mill

Regular

PLANT

Dhaka

23.85532

90.2603

Taru Bepari and
Sons Saw Mill

Regular

PLANT

Dhaka

23.85382

90.26

Nagarpur
Timber and Saw
Mill

Regular

PLANT

Dhaka

23.83619

90.2591

New Savar
Timber and Saw
Mill

Regular

PLANT

Dhaka

23.65654

90.5181

Doi Nong Saw
Mill

Regular

PLANT

Dhaka

23.83614

90.259

Ramij Uddin
Timber Traders
and Saw Mill

Regular

PLANT

Dhaka

23.83739

90.2587

New Anandapur
Timber and Saw
Mill

Regular

PLANT

Dhaka

23.85289

90.2595

Kazi Timber
Saw Mill and
Furniture
Traders

Regular

PLANT
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. . " . Industry . Site Capacity

City Latitude Longjtude Precision Company Product Type Site Name Type (hectares) Employees
Chittagong

Dhaka 23.83649 | 90.2589 Timber and Saw Regular PLANT
Mill
Rangamati

Dhaka 23.85197 | 90.2592 Friends Timber Regular PLANT
and Saw Mill

Dhaka 23.85305 | 90.2596 Sajan Timber Regular PLANT
and Saw Mill

Dhaka 24.0474 | 90.8636 AM";I‘I" Khaer Saw Regular PLANT

Dhaka 23.60539 | 90.4572 Boktaboli Bazar Regular PLANT
Saw Mill

Dhaka 24.33282 | 90.2454 Saw Mill Regular PLANT

Dhaka 23.58132 | 90.1434 Siraj Saw Mill Regular PLANT

Dhaka 23.65845 | 90.1328 Dhapari Bazar Regular PLANT
Saw Mill

Dhaka 23.55785 | 90.4345 &'ﬁlm'”ah Saw Regular PLANT

Dhaka 24.10193 | 90.9262 f\\/lkiﬁamagar Saw Regular PLANT

Dhaka 24.03465 | 90.7354 Faruk Saw Mill Regular PLANT
and Timber

Dhaka 23.61105 | 90.467 Sawrov Saw Mill Regular PLANT

Dhaka 23.55837 | 90.4298 Taltala Timber Regular PLANT
and Saw Mill

Dhaka 23.55728 | 90.4348 m"ya” Saw Regular PLANT

Dhaka 2354311 | 90.4716 AM?ﬁ”'apr Saw Regular PLANT

Dhaka 23.30126 | 89.919 Saw Mill Regular PLANT

Dhaka 23.28104 | 89.7723 Dablu Saw Mill Regular PLANT

Dhaka 23.36703 | 89.814 Saw Mill Regular PLANT

Dhaka 23.54248 | 89.8606 Saw Mill Regular PLANT

Dhaka 23.61299 | 89.8558 Babul Saw Mill Regular PLANT

Dhaka 23.76763 | 89.6481 Kazi Saw Mill Regular PLANT
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. . " . Industry . Site Capacity
City Latitude Longjtude Precision Company Product Type Site Name Type (hectares) Employees
Particle
Dhaka 23.59754 | 90.6083 TK Group of Board, Ply- | posular | Super Board Mills Ltd. | PLANT 400
Industries wood, Ve-
neer
Particle
Partex Star Board, Ply- Star Particle Board
Dhaka 23.68151 | 90.5335 Group wood, Ve- Regular Mills Ltd. PLANT
neer
Bengal Plywood Bengal Plywood Mills
Dhaka 23.75218 | 90.3954 Mills Ltd. Plywood Regular Ltd. PLANT 300
Dhaka 23.76298 | 90.4075 Safeway Tropi- Regular | Factory PLANT
cal Products
Dhaka 23.77573 | 90.366 Safeway Tropi- Regular | Drying Center PLANT
cal Products
Particle AKIJ Particle Board
Dhaka 23.8564 89.9587 AKIJ Group Board Regular Mills Ltd PLANT
Khulna 22.80633 | 89.5772 Star Saw Mill Regular PLANT
and Timber
Khulna 23.74648 | 88.6869 Khan Saw Mill Regular PLANT
Khulna 23.68639 | 89.1739 Saw Mill Regular PLANT
Khulna 23.6029 88.7769 Saw Mill Regular PLANT
Khulna 23.60221 | 88.7806 mf Stand Saw Regular PLANT
Khulna 23.54567 | 89.149 Saw Mill Regular PLANT
Khulna 23.25508 | 89.2973 m”d"' Saw Regular PLANT
Khulna 23.18682 | 89.3828 Taj Saw and Regular PLANT
Rice Mill
Khulna 23.12804 | 89.2942 Saw Mill Regular PLANT
Khulna 23.12722 | 89.287 Ahmed Saw Mill Regular PLANT
Khulna 23.12839 | 89.2855 Bottola Saw Mill Regular PLANT
Khulna 23.12837 | 89.2844 Zalil Saw Mill Regular PLANT
Khulna 23.12837 | 89.2844 Globe Saw Mill Regular PLANT
Khulna 23.15832 | 89.2311 SM*;ﬁ‘Wdagar Saw Regular PLANT
Khulna 23.17931 | 89.2213 Molla Saw Mill Regular PLANT
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. . " . Industry . Site Capacity
City Latitude Longjtude Precision Company Product Type Site Name Type (hectares) Employees
Khulna 231634 | 89.1915 Dharmatala Regular PLANT

Saw Mill
Khulna 23.15975 | 89.1794 ﬁf}ﬁ“m'a Saw Regular PLANT
Khulna 23.05789 | 88.9941 Blue Saw Mill Regular PLANT
Khulna 22.90904 | 89.073 Billal Saw Mill Regular PLANT
Khulna 22.68984 | 89.0347 Soto's Saw Mill Regular PLANT
Khulna 22.79004 | 89.4819 North Khulna Regular PLANT
Saw Mill
Khulna 22.8726 89.4917 Bypass Saw Mill Regular PLANT
Khulna 23.88271 | 89.099 LMt(F;S Industries Regular PLANT
Particle
Khulna 23.89791 | 89.119 Woodland Board, Regular Registered Factory PLANT
Plywood
Mymensingh 24.66248 | 90.8441 Saw Mill Regular PLANT
Mymensingh 24.7479 90.4079 Saw Mill Regular PLANT
Mymensingh 24.75892 | 90.39 Saw Mill Regular PLANT
Mymensingh 24.92107 | 89.9564 Saw Mill Regular PLANT
Mymensingh 24.65316 | 89.9041 Roton Saw Mill Regular PLANT
Mymensingh 24.65263 | 89.9029 Korim Saw Mill Regular PLANT
Mymensingh 24.61805 | 89.8904 Jamal Saw Mill Regular PLANT
Mymensingh | 24.56574 | 89.9266 Hay Saw Mill Regular PLANT
and Furniture
Mymensingh 24.47703 | 90.0578 Makrai Saw Mill Regular PLANT
Mymensingh 24.47491 | 90.0594 Makrai Saw Mill Regular PLANT
Mymensingh | 24.39662 | 89.9952 AMdiﬁ"Sha Saw Regular PLANT
Mymensingh 24.33282 | 90.2454 Saw Mill Regular PLANT
Mymensingh 24.45603 | 90.546 Saw Mill Regular PLANT
Mymensingh 24.27358 | 90.5476 Saw Mill Regular PLANT
Rajshahi 24.90658 | 89.0825 Saw Mill Regular PLANT
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. . " . Industry . Site Capacity
City Latitude Longjtude Precision Company Product Type Site Name Type (hectares) Employees
Rajshahi 24.78985 | 88.8857 Khori Saw Mill Regular PLANT
Rajshahi 24.72764 | 88.2893 Azom Saw Mill Regular PLANT
Rajshabhi 24.62695 | 88.1987 Asif Alif Saw Mill Regular PLANT
Rajshahi 24.36575 | 88.6369 Selim Saw Mill Regular PLANT
Rajshahi 24.36438 | 88.6672 a‘?l‘l’va”para Saw Regular PLANT
Rajshabhi 24.41373 | 88.9971 Saw Mill Natore Regular PLANT
Rajshahi 24.13291 | 89.0638 Karmokar Para Regular PLANT

Saw Mill
Rajshabhi 24.07284 | 89.0565 Badal Saw Mill Regular PLANT
Rajshahi 23.88669 | 89.4906 &?ﬁ‘d Molar Saw Regular PLANT
Rajshahi 23.89719 | 89.6411 Saw Mill Regular PLANT
Rajshabhi 24.40401 | 89.5985 Ajit Saw Mill Regular PLANT
Rajshahi 24.65094 | 89.4256 gharm.okam Regular PLANT
aw Mill
Rajshahi 24.65178 | 89.4252 wﬁ‘b Ali Saw Regular PLANT
Rajshahi 24.65396 | 89.4243 Sherula Bottola Regular PLANT
Saw Mill
Rajshahi 24.67608 | 89.413 fﬂa”tlto Gosh Saw Regular PLANT
Rajshahi 24.67641 | 89.4136 Prince Saw Mill Regular PLANT
Rajshahi 24.67733 | 89.4127 Johurul Saw Mill Regular PLANT
Rajshahi 24.65799 | 89.3529 &‘?l'lgho”a Saw Regular PLANT
Rajshahi 24.90953 | 89.3532 Saw Mill and Regular PLANT
Furniture Store
Arif and Broth-
Rangpur 26.03615 | 88.4181 ers Saw Mill Regular PLANT
Rangpur 25.85977 | 88.6494 Saha Saw Mill Regular PLANT
Rangpur 25.75013 | 89.2305 mr Uddin Saw Regular PLANT
Rangpur 25.61306 | 89.2752 Jaigir Hat Saw Regular PLANT

Mill
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. . " . Industry . Site Capacity
City Latitude Longjtude Precision Company Product Type Site Name Type (hectares) Employees
Rangpur 25.42817 | 89.378 Saw Mill Regular PLANT
Rangpur 25.30109 | 89.4222 ml)w‘jh”ry Saw Regular PLANT
Rangpur 25.28505 | 89.0047 Hili Boro Mill Regular PLANT
Sylhet 24.36968 | 91.4113 Jonata Saw Mill Regular PLANT
Sylhet 24.32946 | 91.5381 \l\’/ﬂl‘fessr‘or Saw Regular PLANT
Sylhet 24.49539 | 92.0185 A Aziz Saw Mill Regular PLANT
Sylhet 24.70317 | 92.1926 SMr;ﬁ‘mim Saw Regular PLANT
Sylhet 24.92669 | 91.4969 SM';ﬁ‘b”aJ Saw Regular PLANT

Particle GENERAL PARTICLE
Rangpur 25.77012 | 89.0936 C Board Regular BOARD AREA PLANT
. . Particle GENERAL PARTICLE
Rajshabhi 24.79721 | 89.3628 C Board Regular BOARD AREA PLANT
Particle GENERAL
Khulna 23.86688 | 89.1977 C Board, Ply- Regular PLYWOOD/PARTICLE PLANT
wood BOARD AREA
gi;t:‘;'epl _ GENERAL VENEER/
Dhaka 23.71621 | 90.4559 C wood YVeY Regular PLYWOOD/PARTICLE PLANT
! BOARD AREA
neer
Chittagong | 22.34754 | 91.8237 c Plywood Regular fSEAERAL PLYWOOD | p aAnT
Table A20. Materials database - Bangladesh - aggregate (ERDC-CERL).

. . . - Industry ! Site Capacity (mil.
City Latitude Longjtude Precision Company Product Type Site Name Type MT reserve)
Barisal 21.939508 89.648903 A Regular DEPOSIT
Barisal 22.457867 90.870592 A Clay Regular Ganges River Delta Clay | DEPOSIT
Chittagong 23.228659 91.311407 A Sand Regular Chauddagram Sand DEPOSIT
Chittagong 23.00081 92.250249 A Gravel Regular Chittagong Hill Gravel DEPOSIT | 1
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City Latitude Longjtude Precision Company Product _Irr;c:)l;stry Site Name %i}:e ;)Aa_rpra:sigr‘(lgil.
Chittagong 22298228 91.998402 | A Clay Regular cvfi‘igaé’lg'ycmag"”g DEPOSIT
Chittagong 22.120522 92.1095 A Clay Regular Esg;::\fj‘;;tzactg”ia DEPOSIT
Dhaka 23.750453 00.394544 | A m%‘?gg%‘fﬁga‘”“e Stone Regular | Dhaka Office OFFICE
Dhaka 23.77888889 90.33861111 | A Sand Regular Gabtoli Sand Yard PLANT
Dhaka 23.733593 90.583396 A Stone Regular Utma - Black Stone DEPOSIT
Dhaka 23.77611111 | 90.33638889 | A Stone Regular f\ﬁgo" Stone Crusher | o) \\
Dhaka 24.056192 89.735115 | A Regular DEPOSIT
Khulna 23.089478 90515305 | A Regular DEPOSIT
Khulna 23.025307 90.54924 A Regular DEPOSIT
Mymensingh 25.363487 89.708291 A Regular DEPOSIT
Mymensingh 25.288166 89.720108 A Regular DEPOSIT
Mymensingh | 25.119906 89.661246 | A Regular DEPOSIT
Mymensingh 24.770983 89.765274 A Regular DEPOSIT
Mymensingh 24.71316 89.711838 A Regular DEPOSIT
Mymensingh | 24.74819 80.781654 | A Regular DEPOSIT
Mymensingh 24.716097 89.764091 A Regular DEPOSIT
Mymensingh | 25.020206 90.011461 | A Sand Regular | Baljiuri Sand DEPOSIT
Mymensingh 25.025393 90.020584 A Sand Regular Sherpur Sand DEPOSIT
Mymensingh | 25.146698 00.662797 | A Clay Regular \?vlmg%ﬁa yetm”ka DEPOSIT
Mymensingh | 24.560936 80.837987 | A Clay Regular szff;"c‘:;y Netronka DEPOSIT
Mymensingh | 25.089038 90.192364 | A Clay Regular \'/\'Vﬂ:::%"’l‘;'y Sherpur DEPOSIT
Rajshahi 25.910063 89.82032 A Regular DEPOSIT
Rajshahi 25.910063 89.82032 A Regular DEPOSIT
Rajshahi 25.119906 89.661246 | A Regular DEPOSIT
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City Latitude Longjtude Precision Company Product _Irr;cri)l;stry Site Name %i}:e Sﬂa_rpra:sigﬁ(:)il.
Rajshahi 25.021052 89.616569 A Regular DEPOSIT
Rajshahi 25.001198 89.621514 A Regular DEPOSIT
Rajshahi 24.996352 89.602065 A Regular DEPOSIT
Rajshahi 24.98989 89.623146 A Regular DEPOSIT
Rajshahi 24.354134 89.748856 A Regular DEPOSIT
Rajshahi 25.92874 89.87896 A Regular DEPOSIT
Rajshahi 25.044333 88.762806 | A Clay Regular Wgﬂg&y’“aog’"o” DEPOSIT
Rangpur 25.567837 89.062043 A Mf‘n(:ﬂg%%‘f‘ﬁgra”“e Stone Regular mian‘idharapara Granite | pepogiT | 1.65
Rangpur 25.548035 88.960769 A Sand Regular Barapukuria Sand DEPOSIT | 90
Rangpur 25.5685 89.066076 | A mﬁgg%‘z’?ﬁg’"”“e Sand Regular | Maddharapara Sand DEPOSIT | 17.25
Rangpur 25.555041 88.618844 A Sand Regular Dighipara Sand DEPOSIT
Rangpur 26.357683 89.007274 A Gravel Regular Patgram Gravel DEPOSIT | 2.5
Rangpur 26.518346 88.44062 A Gravel Regular Tetulia Gravel DEPOSIT | 2.5
Rangpur 26.189823 89.016388 A Regular DEPOSIT
Rangpur 26.134683 89.08165 A Regular DEPOSIT
Rangpur 25.94095 89.202767 A Regular DEPOSIT
Rangpur 25.906611 89.228942 A Regular DEPOSIT
Rangpur 25.910063 89.82032 A Regular DEPOSIT
Rangpur 25.791145 89.740547 A Regular DEPOSIT
Rangpur 25.782659 89.803299 A Regular DEPOSIT
Rangpur 25.757012 89.746041 A Regular DEPOSIT
Rangpur 25.713748 89.810501 A Regular DEPOSIT
Rangpur 25.704591 89.775269 A Regular DEPOSIT
Rangpur 25.620099 89.533554 A Regular DEPOSIT
Rangpur 25.635718 89.801367 A Regular DEPOSIT
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City Latitude Longjtude Precision Company Product _Irr;c:)l;stry Site Name %i}:e ;)Aa_rpra:sigr‘(lgil.
Rangpur 25.650393 89.742347 A Regular DEPOSIT
Rangpur 25572551 89.738525 A Regular DEPOSIT
Rangpur 25.515772 89.797425 A Regular DEPOSIT
Rangpur 25.460648 89.75599 A Regular DEPOSIT
Rangpur 25.452807 89.714447 A Regular DEPOSIT
Rangpur 25.358248 89.675682 A Regular DEPOSIT
Rangpur 25.411707 89.673889 A Regular DEPOSIT
Rangpur 25.20371 89.628746 A Regular DEPOSIT
Rangpur 25.176872 89.688507 A Regular DEPOSIT
Rangpur 25.067685 89.597374 A Regular DEPOSIT
Rangpur 25.073088 89.638603 A Regular DEPOSIT
Rangpur 25.72922897 89.82205963 | A Regular DEPOSIT
Rangpur 25.547369 88.960472 A Clay Regular g:g;ﬁiﬂfifwhite Clay | DEPOSIT
Rangpur 25.555037 88618888 | A Clay Regular \?v'ﬁ.'l?g?:y Dinajpur DEPOSIT
Sylhet 24.642379 91.978351 A Sand Regular Bhatera Sand DEPOSIT | 8
Sylhet 24.244282 91.376338 A Sand Regular Shahajibazar Sand DEPOSIT | 0.3
Sylhet 24.341583 91.537335 A Sand Regular Bahubal Sand DEPOSIT | 0.17
Sylhet 25.133435 92.121134 A Sand Regular Jaintapur Sand DEPOSIT
Sylhet 25.104914 92.176409 A Sand Regular Lalakhal Sand DEPOSIT
Sylhet 25.073673 91.398618 A Sand Regular Shunamganj Sand DEPOSIT
Sylhet 24.599899 91.729893 A Sand Regular Fajilpur Sand DEPOSIT
Sylhet 25.081065 91.149883 A Sand Regular Sripur Sand DEPOSIT
Sylhet 25.165065 92.016485 A Stone Regular Jaflong - White Stone DEPOSIT
Sylhet 24.658372 01.823518 | A Stone Regular Vwoéiiogﬂ(;n%a"k and DEPOSIT
Sylhet 25.169708 91.886101 A Stone Regular Bistakandi - Gray Stone | DEPOSIT
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City Latitude Longjtude Precision Company Product _Irr;cri)léstry Site Name %i}:e Sﬂa.rpra:sig“(lgi"
Sylhet 24.978516 92.345528 A Stone Regular Sharfin - Red Stone DEPOSIT
Sylhet 25.159596 91.742674 Stone Regular Bholaganj Stone DEPOSIT
Sylhet 25.159559 91.742773 Gravel Regular Bholaganj Gravel DEPOSIT | 4
Table A21. Materials database - India - aggregate (ERDC-CERL).

City Latitude Longitude Precision Company Product !rr;l(:)l;stry Site Name Site Type f\:/Ianraeiteyré:])"-

Assam 27.91921616 95.61668396 A Regular DEPOSIT

Assam 27.80580711 | 95.67269897 | A Regular DEPOSIT

Assam 27.77583122 95.73802185 A Regular DEPOSIT

Assam 27.79335403 | 95.62683105 | A Regular DEPOSIT

Assam 27.75016785 95.34482574 A Regular DEPOSIT

Assam 27.64651108 95.12593079 A Regular DEPOSIT

Assam 27.6641407 95.06829834 | A Regular DEPOSIT

Assam 27.61238289 95.02725983 A Regular DEPOSIT

Assam 27.63211823 | 94.9932785 A Regular DEPOSIT

Assam 27.64072037 95.0078125 A Regular DEPOSIT

Assam 27.59156609 | 94.97662354 | A Regular DEPOSIT

Assam 27.54629326 | 94.92795563 | A Regular DEPOSIT

Assam 27.53854561 94.86693573 A Regular DEPOSIT

Assam 27.51992607 94.87277222 A Regular DEPOSIT

Assam 27.51445389 94.92015839 A Regular DEPOSIT

Assam 27.46337128 94.78551483 A Regular DEPOSIT

Assam 27.43793106 | 94.79109192 | A Regular DEPOSIT

Assam 27.41555405 | 94.75624847 | A Regular DEPOSIT
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City Latitude Longitude Precision Company Product !rr;(:):stry Site Name Site Type &a'rpraeigng"-
Assam 27.33727837 94.69606781 A Regular DEPOSIT
Assam 27.32809258 94.66114044 A Regular DEPOSIT
Assam 27.28078842 94.6741333 A Regular DEPOSIT
Assam 27.27474213 94.64283752 A Regular DEPOSIT
Assam 27.25333977 94.60308838 A Regular DEPOSIT
Assam 27.23483086 94.64819336 A Regular DEPOSIT
Assam 27.21746254 94.60449982 A Regular DEPOSIT
Assam 27.20820045 94.62465668 A Regular DEPOSIT
Assam 27.19766045 94.58712769 A Regular DEPOSIT
Assam 27.18154526 94.58545685 A Regular DEPOSIT
Assam 26.97119331 94.36843872 A Regular DEPOSIT
Assam 26.9322567 94.33773041 A Regular DEPOSIT
Assam 26.90842247 94.33176422 A Regular DEPOSIT
Assam 26.89502716 94.25387573 A Regular DEPOSIT
Assam 26.8972683 94.15525055 A Regular DEPOSIT
Assam 26.8820076 94.20248413 A Regular DEPOSIT
Assam 26.87177467 94.07492828 A Regular DEPOSIT
Assam 26.86519432 94.13033295 A Regular DEPOSIT
Assam 26.8416748 94.0740509 A Regular DEPOSIT
Assam 26.83184242 93.96861267 A Regular DEPOSIT
Assam 26.78258705 93.77317047 A Regular DEPOSIT
Assam 26.79108429 93.83024597 A Regular DEPOSIT
Assam 26.71671486 89.42099762 A Regular DEPOSIT
Assam 26.77921867 93.86743164 A Regular DEPOSIT
Assam 26.77412224 93.51005554 A Regular DEPOSIT
Assam 26.76729393 93.67718506 A Regular DEPOSIT
Assam 26.76861954 93.56336975 A Regular DEPOSIT
Assam 26.75868607 93.60222626 A Regular DEPOSIT
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City Latitude Longitude Precision Company Product !rr;(:):stry Site Name Site Type &a'rpraeigng"-
Assam 26.74925995 93.42044067 A Regular DEPOSIT
Assam 26.72747993 93.36782074 A Regular DEPOSIT
Assam 26.72930908 93.61907196 A Regular DEPOSIT
Assam 26.7237339 93.65498352 A Regular DEPOSIT
Assam 26.62950134 92.91264343 A Regular DEPOSIT
Assam 26.62974358 92.95424652 A Regular DEPOSIT
Assam 26.60468102 92.82540131 A Regular DEPOSIT
Assam 26.615839 92.95761108 A Regular DEPOSIT
Assam 26.60055351 92.87993622 A Regular DEPOSIT
Assam 26.60092735 92.71219635 A Regular DEPOSIT
Assam 26.59285545 92.78057861 A Regular DEPOSIT
Assam 26.58554649 92.60281372 A Regular DEPOSIT
Assam 26.5925808 92.73776245 A Regular DEPOSIT
Assam 26.57918549 92.693573 A Regular DEPOSIT
Assam 26.58313751 92.82640839 A Regular DEPOSIT
Assam 26.56951523 92.66364288 A Regular DEPOSIT
Assam 26.56278229 92.39200592 A Regular DEPOSIT
Assam 26.5583725 92.50531006 A Regular DEPOSIT
Assam 26.55820084 92.68878937 A Regular DEPOSIT
Assam 26.53016281 92.64554596 A Regular DEPOSIT
Assam 26.54915428 92.46842194 A Regular DEPOSIT
Assam 26.54914665 92.3854599 A Regular DEPOSIT
Assam 26.53941917 92.59637451 A Regular DEPOSIT
Assam 26.54268837 92.53656769 A Regular DEPOSIT
Assam 26.53414917 92.49131012 A Regular DEPOSIT
Assam 26.51614761 92.59281921 A Regular DEPOSIT
Assam 26.48389435 92.26476288 A Regular DEPOSIT
Assam 26.44070625 92.16215515 A Regular DEPOSIT

T-9T-41 1¥30/0Qy3

0sc



City Latitude Longitude Precision Company Product !rr;(:):stry Site Name Site Type &a'rpraeigng"-
Assam 26.46221161 92.20804596 A Regular DEPOSIT
Assam 26.4589119 92.25440216 A Regular DEPOSIT
Assam 26.44460106 92.236763 A Regular DEPOSIT
Assam 26.44470978 92.20298767 A Regular DEPOSIT
Assam 26.43084145 92.25397491 A Regular DEPOSIT
Assam 26.41431618 92.1156311 A Regular DEPOSIT
Assam 26.35827637 92.115448 A Regular DEPOSIT
Assam 26.39720726 92.08952332 A Regular DEPOSIT
Assam 26.38707352 92.09489441 A Regular DEPOSIT
Assam 26.32003593 91.97891235 A Regular DEPOSIT
Assam 26.31598473 92.05157471 A Regular DEPOSIT
Assam 26.26767349 91.95193481 A Regular DEPOSIT
Assam 26.263237 91.90112305 A Regular DEPOSIT
Assam 26.25153351 91.86173248 A Regular DEPOSIT
Assam 26.22518349 90.50637054 A Regular DEPOSIT
Assam 26.2329216 91.86174011 A Regular DEPOSIT
Assam 26.22215652 90.44300842 A Regular DEPOSIT
Assam 26.21757507 91.77793121 A Regular DEPOSIT
Assam 26.21314049 91.20391083 A Regular DEPOSIT
Assam 26.2001915 91.1869278 A Regular DEPOSIT
Assam 26.20514679 91.34862518 A Regular DEPOSIT
Assam 26.21499443 90.47839355 A Regular DEPOSIT
Assam 26.22093391 91.84533691 A Regular DEPOSIT
Assam 26.18308258 91.1471405 A Regular DEPOSIT
Assam 26.1796093 91.2508316 A Regular DEPOSIT
Assam 26.19869041 90.60043335 A Regular DEPOSIT
Assam 26.14705467 91.03186798 A Regular DEPOSIT
Assam 26.17905045 91.11164093 A Regular DEPOSIT
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Assam 26.19795227 91.15966034 A Regular DEPOSIT
Assam 26.16241264 90.4107132 A Regular DEPOSIT
Assam 26.18118858 90.29392242 A Regular DEPOSIT
Assam 26.17969131 90.7175293 A Regular DEPOSIT
Assam 26.1748333 91.61068726 A Regular DEPOSIT
Assam 26.174963 90.34591675 A Regular DEPOSIT
Assam 26.1556778 90.21000671 A Regular DEPOSIT
Assam 26.1635952 91.21414948 A Regular DEPOSIT
Assam 26.16833687 90.68536377 A Regular DEPOSIT
Assam 26.13581085 90.27013397 A Regular DEPOSIT
Assam 26.16405106 91.4367218 A Regular DEPOSIT
Assam 26.15993309 91.27922058 A Regular DEPOSIT
Assam 26.1424675 91.52988434 A Regular DEPOSIT
Assam 26.15706825 91.31507874 A Regular DEPOSIT
Assam 26.14657974 90.80089569 A Regular DEPOSIT
Assam 26.14523888 90.10161591 A Regular DEPOSIT
Assam 26.14579582 91.24860382 A Regular DEPOSIT
Assam 26.14426994 90.76538086 A Regular DEPOSIT
Assam 26.1345005 90.68480682 A Regular DEPOSIT
Assam 26.13414574 90.74485779 A Regular DEPOSIT
Assam 26.12110329 90.83411407 A Regular DEPOSIT
Assam 26.12191772 90.76582336 A Regular DEPOSIT
Assam 26.09500504 90.07021332 A Regular DEPOSIT
Assam 26.07641411 90.13568115 A Regular DEPOSIT
Assam 26.07500648 90.19570923 A Regular DEPOSIT
Assam 26.07335854 90.16622925 A Regular DEPOSIT
Assam 26.05469894 90.02485657 A Regular DEPOSIT
Assam 26.04039192 90.11444092 A Regular DEPOSIT
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Assam 26.00049019 89.96409607 A Regular DEPOSIT
Assam 25.94498062 89.90921021 A Regular DEPOSIT
Assam 25.92624474 89.88809967 A Regular DEPOSIT
Assam 25.8985424 89.89409637 A Regular DEPOSIT
Assam 25.8920269 89.92786407 A Regular DEPOSIT
Assam 25.82202148 89.89839935 A Regular DEPOSIT
Assam 27.37333333 95.95027778 A Stone Regular Stone Quarry DEPOSIT
Assam 24.84111111 92.81361111 A Sand Regular Sand Quarry DEPOSIT
Chattisgarh 21.52689 83.316707 A ﬁ}tg;' Authority of Stone Regular | Hirri Mine DEPOSIT
Chhattisgarh 22.58710098 82.57107544 A Regular DEPOSIT
Chhattisgarh 22.47286606 82.68783569 A Regular DEPOSIT
Chhattisgarh 22.38171577 82.70540619 A Regular DEPOSIT
Chhattisgarh 22.29157829 82.70362091 A Regular DEPOSIT
Chhattisgarh 22.17934227 82.66371155 A Regular DEPOSIT
Chhattisgarh 22.14783669 82.64590454 A Regular DEPOSIT
Chhattisgarh 22.10659409 82.6476059 A Regular DEPOSIT
Chhattisgarh 21.77749062 82.73629761 A Regular DEPOSIT
Chhattisgarh 21.72241783 83.14061737 A Regular DEPOSIT
Chhattisgarh 21.72736931 82.48444366 A Regular DEPOSIT
Chhattisgarh 21.72381592 82.95381165 A Regular DEPOSIT
Chhattisgarh 21.72352219 82.98685455 A Regular DEPOSIT
Chhattisgarh 21.70595551 82.91590118 A Regular DEPOSIT
Chhattisgarh 21.67324638 83.32806396 A Regular DEPOSIT
Chhattisgarh 21.56611633 82.36086273 A Regular DEPOSIT
Chhattisgarh 21.33851814 82.17375946 A Regular DEPOSIT
Chhattisgarh 20.95560646 81.88433838 A Regular DEPOSIT
Chhattisgarh 19.1883831 80.39930725 A Regular DEPOSIT
Chhattisgarh 19.10637856 80.34632874 A Regular DEPOSIT

T-9T-41 1¥30/0Qy3

€sc



City Latitude Longitude Precision Company Product !rr;(:):stry Site Name Site Type f\:na'rpraeigng"-
Chhattisgarh 19.01684189 80.30456543 A Regular DEPOSIT

Chhattisgarh 21.09694444 82.22722222 A Granite Mining Area Stone Regular Granite Mine DEPOSIT

Jharkhand 22.790731 86.153587 A Gajanan Minerals Regular fﬂ?ﬁ”a” Minerals | nepogit

Jharkhand 22.28863144 86.66539764 A Regular DEPOSIT

Jharkhand 24.186873 83.654546 A Stone Regular Garhwa Mine DEPOSIT 14.93
Jharkhand 24.264705 83.593786 A Stone Regular Palamu Mine DEPOSIT 14.93
Jharkhand 24.27557 87.253244 A Stone Regular Dumka Mine DEPOSIT 3.821
Jharkhand 24.832009 87.233328 A Stone Regular Godda Mine DEPOSIT 3.821
Jharkhand 24.476024 86.691022 A Stone Regular Deogarh Mine DEPOSIT 3.821
Jharkhand 23.34724 85.30621 A Stone Regular Ranchi Mine DEPOSIT 3.821
Jharkhand 24.042162 84.083018 A Stone Regular Daltonganj Mine DEPOSIT 3.821
Jharkhand 24.27557 87.253244 A Sand Regular Dumka Mine DEPOSIT 22.74
Jharkhand 24.476024 86.691022 A Sand Regular Deogarh Mine DEPOSIT 22.74
Jharkhand 24.264705 83.593786 A Sand Regular Palamu Mine DEPOSIT 22.74
Jharkhand 22.870003 85.451987 A Sand Regular Singhbhum Mine DEPOSIT 22.74
Jharkhand 23.996224 85.369318 A Sand Regular Hazaribagh Mine DEPOSIT 22.74
Jharkhand 25.24969 87.627697 A Sand Regular Sahidganj Mine DEPOSIT 22.74
Jharkhand 24.367359 83.559275 A Steel Authority of Stone Regular | Bhawanathpur& i pepng

India Tulsidamar Mine

Meghalaya 25.64666667 89.96944444 A Stone Regular Stone Quarry DEPOSIT

Meghalaya 25.65388889 89.95888889 A Stone Regular Stone Quarry DEPOSIT

Meghalaya 25.65611111 89.95388889 A Stone Regular Stone Quarry DEPOSIT

Meghalaya 25.66305556 89.94944444 A Stone Regular Stone Quarry DEPOSIT

Meghalaya 25.165036 92.379695 A Star Cement Stone Regular miengehalaya Mineral DEPOSIT

Odissa 20.380064 85.524321 A A. N. Patnaik Stone Regular Banki Mine DEPOSIT

Odissa 22.4125 84.88333333 A Stone Regular Gatitanger Mines DEPOSIT

Odissa 22.20388889 84.4925 A TATA Steel Ltd. Stone Regular Dolomite Quarry DEPOSIT

Odissa 22.36583333 84.91777778 A G.C. Rout Stone Regular Banrai Mine DEPOSIT
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Odissa 21.87472916 87.25095367 A Regular DEPOSIT
Odissa 21.85471153 87.23200226 A Regular DEPOSIT
Odissa 21.81580734 87.21580505 A Regular DEPOSIT
Odissa 21.79028893 87.17662811 | A Regular DEPOSIT
Odissa 21.75778198 87.19836426 A Regular DEPOSIT
Odissa 21.73169708 87.20738983 A Regular DEPOSIT
Odissa 21.710186 87.22249603 A Regular DEPOSIT
Odissa 21.65589905 83.52071381 | A Regular DEPOSIT
Odissa 21.51998711 83.88197327 A Regular DEPOSIT
Odissa 21.28512192 83.91784668 A Regular DEPOSIT
Odissa 21.40004539 86.03668976 A Regular DEPOSIT
Odissa 21.32278061 86.0794754 A Regular DEPOSIT
Odissa 21.14566612 86.19400024 A Regular DEPOSIT
Odissa 21.04073334 86.25788879 A Regular DEPOSIT
Odissa 21.01927948 85.23577881 | A Regular DEPOSIT
Odissa 20.84151649 84.11108398 A Regular DEPOSIT
Odissa 20.89032364 84.23322296 A Regular DEPOSIT
Odissa 20.82151985 85.69102478 A Regular DEPOSIT
Odissa 20.8498745 85.30319214 A Regular DEPOSIT
Odissa 20.86719513 84.29351807 A Regular DEPOSIT
Odissa 20.86865425 84.18010712 A Regular DEPOSIT
Odissa 20.76719475 84.37792206 A Regular DEPOSIT
Odissa 20.84335136 84.14086151 | A Regular DEPOSIT
Odissa 20.80741501 84.33992767 A Regular DEPOSIT
Odissa 20.70331955 84.51875305 A Regular DEPOSIT
Odissa 20.66493988 84.59130096 A Regular DEPOSIT
Odissa 20.49583817 84.93925476 A Regular DEPOSIT
Odissa 20.4973259 85.8316803 A Regular DEPOSIT
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Odissa 20.4625721 85.83934021 | A Regular DEPOSIT
Odissa 20.49032402 84.9099884 A Regular DEPOSIT
Odissa 20.49052238 85.87957764 A Regular DEPOSIT
Odissa 20.4664402 85.95043182 A Regular DEPOSIT
Odissa 20.46099472 84.99000549 A Regular DEPOSIT
Odissa 20.45674896 85.02820587 A Regular DEPOSIT
Odissa 20.44687462 85.01494598 A Regular DEPOSIT
Odissa 20.44617271 85.72633362 A Regular DEPOSIT
Odissa 20.44341278 85.62723541 | A Regular DEPOSIT
Odissa 20.44596672 85.66049957 A Regular DEPOSIT
Odissa 20.43327141 85.92649841 | A Regular DEPOSIT
Odissa 20.42875862 85.74205017 A Regular DEPOSIT
Odissa 20.43268967 86.06639862 A Regular DEPOSIT
Odissa 20.34474945 86.26300812 A Regular DEPOSIT
Odissa 20.42092133 85.62139893 A Regular DEPOSIT
Odissa 20.42082405 85.06687927 A Regular DEPOSIT
Odissa 20.41719818 85.1164093 A Regular DEPOSIT
Odissa 20.40890503 85.98030853 A Regular DEPOSIT
Odissa 20.3944664 85.97574615 A Regular DEPOSIT
Odissa 20.39758492 85.52820587 A Regular DEPOSIT
Odissa 20.40111542 85.56793976 A Regular DEPOSIT
Odissa 20.39003754 85.13217163 A Regular DEPOSIT
Odissa 20.38231277 85.87656403 A Regular DEPOSIT
Odissa 20.39018059 85.43619537 A Regular DEPOSIT
Odissa 20.38425636 85.1772995 A Regular DEPOSIT
Odissa 20.37966728 85.94622803 A Regular DEPOSIT
Odissa 20.36904526 85.22966003 A Regular DEPOSIT
Odissa 20.36880684 85.43041992 A Regular DEPOSIT
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Odissa 20.36624908 85.32626343 A Regular DEPOSIT
Odissa 20.37261009 85.96391296 A Regular DEPOSIT
Odissa 20.36479568 85.8866272 A Regular DEPOSIT
Odissa 20.35907173 86.00067902 A Regular DEPOSIT
Odissa 20.33336258 85.87788391 A Regular DEPOSIT
Odissa 20.34130287 86.04055786 A Regular DEPOSIT
Odissa 20.34431458 85.31190491 A Regular DEPOSIT
Odissa 20.31125641 86.06974792 A Regular DEPOSIT
Odissa 20.25110054 85.89137268 A Regular DEPOSIT
Odissa 20.22197533 86.565979 A Regular DEPOSIT
Odissa 20.16417885 86.52256775 A Regular DEPOSIT
Odissa 19.86393166 86.04567719 A Regular DEPOSIT
Odissa 19.78318405 85.78121948 A Regular DEPOSIT
Odissa 19.53138924 84.74442291 A Regular DEPOSIT
Odissa 19.49042511 85.20831299 A Regular DEPOSIT
Odissa 19.49081421 84.91749573 A Regular DEPOSIT
Odissa 19.48673058 84.8342514 A Regular DEPOSIT
Odissa 19.48293114 84.9577179 A Regular DEPOSIT
Odissa 19.41466331 85.02576447 A Regular DEPOSIT
Odissa 20.98819542 86.89100647 A Regular DEPOSIT
Odissa 18.73638889 82.90083333 A Regular Granite Mine DEPOSIT
Odissa 19.38805556 84.72833333 A Stone Regular Stone Quarry DEPOSIT
Odissa 19.38055556 84.73055556 A Stone Regular Stone Quarry DEPOSIT
Odissa 19.3075 84.59694444 A Stone Regular Granite Mine DEPOSIT
Odissa 20.78322983 | 86.96466064 | A Regular L,\’Ar;ig?iz(l"idated DEPOSIT
Odissa 21.8975 86.6675 A Stone Regular gﬁ;fri;“di Stone DEPOSIT
West Bengal 24.073604 87.60262 A Stone Regular | hachamiStone DEPOSIT

Quarry
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West Bengal 23.79148293 87.1131134 A Regular DEPOSIT
West Bengal 23.72818565 87.29746246 A Regular DEPOSIT
West Bengal 23.69482803 87.41105652 A Regular DEPOSIT
West Bengal 23.58288574 87.11387634 A Regular DEPOSIT
West Bengal 23.4174118 87.3971405 A Regular DEPOSIT
West Bengal 23.20194244 87.90195465 A Regular DEPOSIT
West Bengal 22.28513908 88.08239746 A Regular DEPOSIT
West Bengal 22.23189735 88.01669312 A Regular DEPOSIT
West Bengal 22.21331787 86.80273438 A Regular DEPOSIT
West Bengal 22.22153473 86.90776825 A Regular DEPOSIT
West Bengal 22.21629524 86.98841858 A Regular DEPOSIT
West Bengal 22.09030342 87.15032959 A Regular DEPOSIT
West Bengal 21.93014526 87.25741577 A Regular DEPOSIT
West Bengal 21.64152336 87.55584717 A Regular DEPOSIT
West Bengal 22.16844368 88.16222382 A Regular DEPOSIT
West Bengal 22.1517849 88.17700958 A Regular DEPOSIT
West Bengal 22.00333786 88.11071777 A Regular DEPOSIT
West Bengal 21.63806534 88.14254761 A Regular DEPOSIT
West Bengal 23.19027778 87.91833333 A Sand Regular Sand Unit DEPOSIT
West Bengal 23.19277778 87.91194444 A Sand Regular Sand Unit DEPOSIT
Table A22. Materials database - Myanmar - aggregate (ERDC-CERL).

City Latitude Longjtude Precision Company Product _Irr;?)téstry Site Name Site Type &?p;ﬂgréem)"'
Ayeyarwaddy 18.00916862 95.45452881 A Regular DEPOSIT
Ayeyarwaddy 17.43327713 95.66410828 A Regular DEPOSIT
Ayeyarwaddy 17.39693451 | 95.66200256 A Regular DEPOSIT
Ayeyarwaddy 17.37334061 | 95.62211609 A Regular DEPOSIT
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Ayeyarwaddy 17.11427498 | 95.65829468 A Regular DEPOSIT
Ayeyarwaddy 16.99448013 | 95.53495026 A Regular DEPOSIT
Ayeyarwaddy 15.99781227 95.68989563 A Regular DEPOSIT
Bago 18.90195274 | 95.15530396 A Regular DEPOSIT
Bago 18.75514412 | 95.20927429 A Regular DEPOSIT
Bago 18.59964371 | 95.08102417 A Regular DEPOSIT
Bago 18.55829239 | 95.10248566 A Regular DEPOSIT
Bago 18.52223969 | 95.09140778 A Regular DEPOSIT
Bago 18.47839737 | 95.15291595 A Regular DEPOSIT
Bago 18.46626472 | 95.18160248 A Regular DEPOSIT
Bago 18.36207962 | 95.25691223 A Regular DEPOSIT
Bago 18.3429985 95.28852081 A Regular DEPOSIT
Bago 18.33791161 | 95.32313538 A Regular DEPOSIT
Bago 18.27142525 | 95.36268616 A Regular DEPOSIT
Bago 18.24669075 | 95.37270355 A Regular DEPOSIT
Bago 18.17687988 | 95.40369415 A Regular DEPOSIT
Bago 18.08500481 | 95.44252014 A Regular DEPOSIT
Kayin 17.26614952 97.6556015 A Regular DEPOSIT
Kayin 16.94269753 | 97.6421814 A Regular DEPOSIT
Magway 2157343292 | 95.27497101 A Regular DEPOSIT
Magway 21.22597313 | 94.87916565 A Regular DEPOSIT
Magway 21.218153 94.85914612 A Regular DEPOSIT
Magway 21.21360588 | 94.83263397 A Regular DEPOSIT
Magway 21.0914669 94.80820465 A Regular DEPOSIT
Magway 20.90031433 | 94.80030823 A Regular DEPOSIT
Magway 20.87473106 | 94.77803802 A Regular DEPOSIT
Magway 20.67975807 94.7339859 A Regular DEPOSIT
Magway 20.65143585 94.76409912 A Regular DEPOSIT
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Magway 20.58400345 | 94.79763794 A Regular DEPOSIT
Magway 20.57150459 | 94.79499054 A Regular DEPOSIT
Magway 20.51782989 94.81263733 A Regular DEPOSIT
Magway 20.5255146 94.83318329 A Regular DEPOSIT
Magway 20.50543785 | 94.84014893 A Regular DEPOSIT
Magway 20.49777985 | 94.78507996 A Regular DEPOSIT
Magway 20.46948433 | 94.84454346 A Regular DEPOSIT
Magway 20.35735512 92.74880219 A Regular DEPOSIT
Magway 20.32662773 94.90891266 A Regular DEPOSIT
Magway 20.25123405 | 94.91674042 A Regular DEPOSIT
Magway 20.24375534 | 94.88456726 A Regular DEPOSIT
Magway 20.18326187 | 94.9105072 A Regular DEPOSIT
Magway 20.16381073 | 94.90606689 A Regular DEPOSIT
Magway 20.13332748 | 94.90868378 A Regular DEPOSIT
Magway 20.10307121 | 94.92698669 A Regular DEPOSIT
Magway 20.04171181 | 94.99369812 A Regular DEPOSIT
Magway 20.03225327 95.01050568 A Regular DEPOSIT
Magway 20.00342369 95.00064087 A Regular DEPOSIT
Magway 19.99802017 94.99920654 A Regular DEPOSIT
Magway 19.99961281 | 95.00035095 A Regular DEPOSIT
Magway 19.74621963 | 95.15290833 A Regular DEPOSIT
Magway 19.64279747 95.1807251 A Regular DEPOSIT
Magway 19.60296631 | 95.17811584 A Regular DEPOSIT
Magway 19.55036736 | 95.1802597 A Regular DEPOSIT
Magway 19.4455204 95.18750763 A Regular DEPOSIT
Magway 19.18740463 | 95.18226624 A Regular DEPOSIT
Magway 19.08206367 95.13349915 A Regular DEPOSIT
Mandalay 21.31295395 95.13739777 A Regular DEPOSIT
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Mandalay 21.23757744 | 94.979599 A Regular DEPOSIT
Mandalay 21.13588905 | 94.84803009 A Regular DEPOSIT
Mandalay 21.0502739 94.83370209 A Regular DEPOSIT
Mandalay 21.0273304 94.85174561 A Regular DEPOSIT
Mandalay 20.96690941 | 94.8520813 A Regular DEPOSIT
Mon 15.90446186 | 97.68051147 A Regular DEPOSIT
Mon 15.19157314 | 97.79306793 A Regular DEPOSIT
Sagaing 23.05962563 | 94.42971802 A Regular DEPOSIT
Sagaing 22.97296333 | 94.68512726 A Regular DEPOSIT
Sagaing 22.92260742 | 94.73967743 A Regular DEPOSIT
Sagaing 2292710114 | 94.47332764 A Regular DEPOSIT
Sagaing 22.89162636 | 94.74744415 A Regular DEPOSIT
Sagaing 22.88932037 | 94.51520538 A Regular DEPOSIT
Sagaing 22.8705883 94.74525452 A Regular DEPOSIT
Sagaing 22.82986259 | 94.7072525 A Regular DEPOSIT
Sagaing 22.74799538 | 94.70970917 A Regular DEPOSIT
Sagaing 22.72416687 94.73527527 A Regular DEPOSIT
Sagaing 22.69141769 | 94.76956177 A Regular DEPOSIT
Sagaing 22.6279068 94.76622009 A Regular DEPOSIT
Sagaing 2258049011 | 94.76541138 A Regular DEPOSIT
Sagaing 22.53051186 | 94.80664063 A Regular DEPOSIT
Sagaing 22.42002296 | 94.8913269 A Regular DEPOSIT
Sagaing 22.38816643 | 94.97015381 A Regular DEPOSIT
Tanintharyi 12.3548708 98.63831329 A Regular DEPOSIT
Tanintharyi 12.34427643 | 98.66067505 A Regular DEPOSIT
Tanintharyi 12.13108063 | 98.62129211 A Regular DEPOSIT
Tanintharyi 11.80351639 98.80362701 A Regular DEPOSIT
Tanintharyi 11.76657581 | 98.79493713 A Regular DEPOSIT
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Tanintharyi 11.72845364 | 98.83769989 A Regular DEPOSIT
Tanintharyi 11.06563187 | 98.70842743 A Regular DEPOSIT
Tanintharyi 11.04813004 | 98.71707916 A Regular DEPOSIT
Tanintharyi 10.41188717 98.50727081 A Regular DEPOSIT
Tanintharyi 10.16766739 | 98.51376343 A Regular DEPOSIT
Tanintharyi 13.71219254 | 98.25854492 A Regular DEPOSIT
Tanintharyi 12.78095913 | 98.63514709 A Regular DEPOSIT
Tanintharyi 12.68827438 | 98.6675415 A Regular DEPOSIT
Tanintharyi 12.65987206 | 98.65148926 A Regular DEPOSIT
Tanintharyi 12.57059669 | 98.65151978 A Regular DEPOSIT
Tanintharyi 12.57074833 | 98.62865448 A Regular DEPOSIT
Tanintharyi 12.55394459 | 98.4076767 A Regular DEPOSIT
Tanintharyi 12.51451397 98.50247955 A Regular DEPOSIT
Tanintharyi 12.5036869 98.51123047 A Regular DEPOSIT
Tanintharyi 12.37440872 | 98.54085541 A Regular DEPOSIT
Tanintharyi 12.1672802 98.6427536 A Regular DEPOSIT
Tanintharyi 12.11558819 98.62853241 A Regular DEPOSIT
Tanintharyi 11.77754593 98.77378082 A Regular DEPOSIT
Tanintharyi 11.03215408 | 98.71684265 A Regular DEPOSIT
Tanintharyi 10.96097946 | 98.51573181 A Regular DEPOSIT
Tanintharyi 10.88639545 | 98.50855255 A Regular DEPOSIT
Tanintharyi 10.85498238 | 98.62689209 A Regular DEPOSIT
Tanintharyi 10.53902817 98.49855041 A Regular DEPOSIT
Tanintharyi 10.50745296 | 98.48674774 A Regular DEPOSIT
Tanintharyi 10.45160294 | 98.49282074 A Regular DEPOSIT
Tanintharyi 10.34353161 | 98.53365326 A Regular DEPOSIT
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