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PREFACE

This report was commissioned as part of a continuing program to expand the knowledge base of
the ATHENAD Sustainable Materials Institute, a not-for-profit organization dedicated to helping the
building community meet the environmental challenges of the future.

Our ultimate goal isto foster sustainability by encouraging building designs which will minimize
life cycle environmental impacts. To achievethat goal the Ingtitute is developing ATHENAL, a
systems model for ng the relative life cycle environmental implications of alternative building
or assembly designs. Intended for use by building designers, researchers and policy analysts,
ATHENAD isadecision support tool which compliments and augments other decision support tools
like costing models. It provides awealth of information to help users understand the environmental
implications of different material mixes or other design changesin al or part of a building.

Two of the Ingtitute’ s key objectives areto:

1. increase public awareness of the environmental impacts of buildings and the built
environment; and

2. provideinformation and tools to help put the environment on afooting with cost and
other traditional design criteria.

To help achieve these objectives and to ensure transparency of our research and data
development process, we make al of our reports available to Institute members and model
users.

Indtitute studies and publications fall into two general categories: investigative or exploratory
studies intended to further general understanding of life cycle assessment asit applies to building
materials and buildings; and individual life cycle inventory studieswhich deal with specific
industries, product groups or building life cycles stages. All studiesin thislatter category are
firmly grounded on the principles and practices of life cycle assessment (LCA), and follow our
published Research Guidelines which define boundary or scope conditions and ensure equa
treatment of all building materials and productsin terms of assumptions, research decisions,
estimating methods and other aspects of the work.

The integration of dl inventory data is a primary function of ATHENAD itself and we therefore
caution that individual industry life cycle study reports may not be entirely stand-alone documents
in the sense that they tell the whole story about an individual set of products. ATHENAO also
generates various composite measures that can be best described as environmenta impact
indicators, astep toward the ultimate LCA goa of developing true measures of impacts on human
and ecosystem health.



The Athena™ Project:
Life Cycle Analysis of Brick and Mortar Products

ACKNOWLEDGMENTS

We would like to acknowledge the essential support provided by al
of the ATHENAD Ingtitute's members. As an incorporated not-for-
profit organization, the Institute offers memberships to individuas,
companies, governments or other organizations, with the membership
fees helping fund the Institute’s core research program. We ae
especidly grateful for the generous additional support provided by
our founding members, Forintek Canada Corp. and Natura
Resources Canada, and by the US Department of Energy. Without
that support we could not maintain the costly data and model work
required to meet our objectives.

The life cycle study described in this report was carried out by VENTA, GLASER & ASSOCIATES
under Forintek Canada Corp. Contract. The author gratefully acknowledges their support. Special
thanks go to the managers of the ATHENA™ Project, Wayne Trusty of Wayne B. Trusty &
Associates Limited and Jamie Meil of JKM Associates for their enthusasm and guidance. We
wish to thank al the major brick companies in Canada - Canada Brick, Brampton Brick, Shaw
Brick and 1.XL Industries Ltd. - for their trust and cooperation in providing the necessary data
input. Thanks are especially extended to the following individuals for their valuable contributions.

Steve R. Poxon Canada Brick

Patrick Kelly Canada Brick

Brad Duke Brampton Brick

Bert Frizzell Shaw Brick

Malcolm S Sissons I.XL Industries

Bruce Martyn Martyn, Dooley & Partners

Mark A. Patamia Ontario Concrete Block Association
Andreas Radman Ministry of the Environment

We also want to express our thanks to the BRICK INSTITUTE OF AMERICA, to Nelson Cooney,
Norm Farley and Gregg Borchelt, and NATIONAL CONCRETE MASONRY ASSOCIATION, Mark

Hogan and Robb Jally, for their support, willingness to review this study and to provide us with
their comments.



The Athena™ Project:
Life Cycle Analysis of Brick and Mortar Products

CONTENTS
PREFACE
ACKNOWLEDGMENTS
1.0 INTRODUCTION. ...ciiice sttt et eeeeeseste s e e ste e sse e aeeessestessessessessesseessessensessessessessens 1-1
11 RESEAICH GUIAEIINES ..o e 1-1
12 SHUAY SITUCTUIE......ei ettt ettt sne s 1-2
13 REPOIT SETUCLUIE. ...t 1-3
20 MASONRY INDUSTRY - AN OVERVIEW. .....ccoooiiiiieeesese e 2-1
21 INAUSETY SETUCTUNE. ...ttt 2-1
0 I R O = Y o USSR 2-1
2.1.2 CaACIUM SIHCAE BIICK. .....coitiiieieeieeie e 2-4
P20 G 1 g o = (= =] oGS 2-4
2.1.4 COMENE MO ......ccoeeeieeeee ettt sn e san e sneesnneenneas 2-5
22 Clay Brick ManUFaCtUING ......ooeeueiieeieeiisee e 2-5
2.2 1 RAN MEETAS ..oocveeieeeeeesie ettt ne e ae e e seeneennee e 2-5
2.2.2 ManUfaCtUriNg PrOCESS.........cccviieieeiecee st eie et ae et sre et reenesnee s 2-5
ARG B L= e (o PSSR 2-6
A (= o - 1[0 N USSP PP 2-7
PN o 11011 oo TP 2-7
A Sl B Y1 0o PSS 2-7
2.2.7 FIriNg @nd COOlING.......ciueruerierieiesiesie sttt 2-8
AR 1 B - V1o PSP 2-9
2.2.9 Types and Shipments of Clay BricK .........ccoooovieiiniiniieeeeeeee e 2-9
2.3 Calcium Silicate Brick ManUfaCturing ..........ccceeevereneneneneeeeseesee e 2-12
2.3.1 Raw Materials and Manufacturing PrOCESS...........cccceevueieenecce e 2-12
24 Concrete Brick MaufaCtUring........c.eeeeerierieneeniesee e 2-13
24.1 RAN MEETAIS. ...ccueecieeieee sttt ettt e e s reeneenaesneenes 2-13
2.4.2 MiXing @and FOMMING........cccveieeieeieesieeie e e eee e sreesae e reeeesreesreenneseeereenns 2-14
2.4.2 CUrNG AN DIGWING ....veiueeieieieeie e sieeie et seeseesee e e eesseesseensesseesseenes 2-14
2.4.2 CMU Typesand ShipmeENtS........cccueceeiriiriresese e 2-14
2.5 CaMENE MOITAIS......cuiiieesee e s sare e 2-16
2.5.1 Cement Mortars ManUfaCtUuINg..........eeueeeererienie e 2-16
2.5.2 Types of Cement MortarS ProdUCed...........c.ccoceieieninienenineeee e 2-16
2.6 Masonry Industry, Energy and Environment ...........ccccceeceeveeiecceveecie e 2-17
2.6.1 Energy Use and EffiCIENCY ......oooeieeieeeceeee s 2-17
2.6.2 ATMOSPNENIC EMISSIONS .....couieiieiiiiie ettt sne e 2-17
2.6.3 LigUId EFfIUBNL.......cceeeeeeeeceee et 2-18

2.6.4 SOHOWWEBSLE.......ooiiiiieeieeii ettt sn e ene e 2-18



The Athena™ Project:
Life Cycle Analysis of Brick and Mortar Products

3.0

4.0

5.0

2.6.5 RECYCIING....citiiiecee ettt re e e e reenns 2-18
REFEIENCES e ettt st a e 2-19
Raw Material Requirements and Transportation..........ccccceeceereereseeseesesseesesseeseenns 31
3.1 Raw Material REQUITEMENES..........oocvieiieciee et 31
3.2 Raw Materials TrangpOrtation..........c.cooeveeereeieeiesese s 3-3

T N O - Y1 T o S 33

3.2.2 CaACIUM SIHCAE BIICK. .....coitiiieiieieeieeee e e 33

3.2.3 Concrete Brick and Cement MOIar ..........ccoovveereeieeeeseee e 3-3
REFEIENCES et b ettt e b e 35
BN gy USE e e 4-1
4.1 (O Y = oSSR 4-1

4.1.1 Clay Winning (Extraction) and Transportation.............cccceeveeeveeseeeseesineesnee e 4-1

4.1.2 Clay BriCK PrOCESSING .....ccceiuiiiirieriiniiriesieeees ettt s sne e 4-2

4.1.3 Detailed Energy Estimates - Clay Brick Production............cccoccevveveeceseenennne 4-3

4.1.4 Finished Clay Brick TranSport.........cccooieiieiiie i 4-5
4.2 CalCium SIHICAE BIICK. ..o 4-6

4.2.1 Lime PrOGUCTION ...ttt sttt 4-6

4.2.2 SANA ProOUCTION ...ttt sttt nne e 4-7

4.2.3 Calcium Silicate Brick PrOCESSING ......c.ceueeeeieienienie st 4-8

4.2.4 Detailed Energy Estimates - Sand-Lime Brick Production..............cccccevveveennnne 4-8

4.2.5 Finished Sand-Lime Brick TranSpOort........c.occveveeiiieeiee e esee e 4-10
4.3 (0000 (= (= =1 ¢ To: QPSS 4-11

4.3.1 Aggregate Extraction, Processing and Transportation............ccceceveeereeceeneeene. 4-11

4.3.2 Cement Manufacturing and Transportation............ccveceeeceeveesieeseesieesee e 4-12

4.3.3 CoNCrete BriCK PrOCESSING........eovirieriirieeieieiee sttt 4-13

4.3.4 Detailed Energy Estimates - Concrete Brick Production............cccccevvvvenieenee. 4-13

4.3.5 Finished Concrete Brick TranSport.........ccuvcveeieeiiieeiee e esiee e siee e 4-20
4.4 CaMENT IMIOITA ......coeee ettt st sbe e e e ne e 4-20

4.4.1 Aggregate Extraction, Processing and Transportation............ccceceveereeceesveenne. 4-20

4.4.2 Cement Production and TranSportation.............cceeveueeieeeieeseesireeseesieeesiessneens 4-21

4.4.3 Cement Mortar Processing (MiXing) ......cccoeeeeererenereneseneseeseesee s 4-21

4.4.4 Cement Mortar - Energy Consumption SUMMarY .........ccceeeeeveeeeeseeseeseeseeens 4-21
REFEIENCES et b et nre s 4-23
EMISSIONS L0 AT <ottt bbb b re e 5-1
51 N 000 v o S 51
52 ClAY BIICK ...ttt e e nnenne s 5-2

5.2.1 Clay Winning (Extraction) and Transportation.............ccceeeeeeeeveeneseeseeseeseenns 5-3

A A o (0101 o O SUR 54

5.2.3 Summary of Atmospheric Emissionsfor Clay BricK........c.ccooeeeveiencnencnenne. 5-6

53 CalCIUM SHICAE BIICK. ...t e e e e e e e eaaaens 5-17



The Athena™ Project:
Life Cycle Analysis of Brick and Mortar Products

6.0

7.0

B5.3. 1L FUE EMISSIONS.....cccviiitieciie ettt ettt e stee sttt e sneesre e saeesneesaeesareenneeenns 5-17
5.3.2 Calcination CO2 and Thermal NOyx EMISSIONS........cceeeeiivieeeiiiieeeeccieeee e 5-17
5.3.3 PartiCUlate EMISTIONS........veeecieeeciee et ettt et e e e b e e erneesanes 5-17
5.3.4 Emission Estimates for Sand-LimeBricK ........c.cccoveveevee v 5-18
54 CONCIELE BIICK ....ecivie ettt ettt et e et e e e e e e eare e enne e ennneeens 5-23
S N 00 (=0 = (<P PR O 5-23
N = 111 o | PSR RORP 5-24
5.4.3 Emission Estimates for Concrete Masonry BricK ........ccccovvvevivcceeviecciecsieee, 5-25
55 CaMENT MOITA ... .ot e e e e e e e e e e e anre e e e ennes 5-26
S (= = 0100 OSSR 5-33
EMISSIONS 1O WALET .....cveieeieeeeeee ettt ettt et e et e e aee e e b e e e ebreeebeeesnbeeesnbeeesnneeas 6-1
6.1 (O Y = oSSR 6-1
6.2 (0= o010 g IS ] [0z (=] =T T OSSR 6-3
B.2.1 LIMEPIOTUCHION ...ttt ettt ettt e e enreeebneesnneeeens 6-4
6.2.2 AQQregate ProdUCTION .........cccuieeeieeieseesieete s e e sae et e e e e neesneeneas 6-4
6.2.3 SanNd-Lime Brick PrOCESSING .......ccoveiiiiiieiieciieeseeciteesies et see e siee e seesneeens 6-4
6.2.4 Sand-Lime Brick Effluent SUMMAry..........ccccooeriiinenenineseeeeeeeseese e 6-4
6.3 Concrete Masonry BriCK.........covieieereciisee e se e 6-8
6.3.1 Three Sources of EfflUENt.........cc.oeoeie e 6-8
6.3.2 Estimate of Effluent for Concrete Brick Production............cccccceveeeeveeceveeecnneen. 6-10
6.4 (O 001 0|1V [0 = SRR 6-12
S = (= 110/ OSSP 6-13
SOHA WASEES oottt et et e s e e be e sae e e beesaseebeesaseebeeenneeneas 7-1
7.1 L0 Y = o RSP 7-1
7.2 (0= o [0 g IS [0z (=] =T T OO 7-2
7.3 Concrete Masonry BriCK.........coveeieeieciisee st 7-2
7.3.1 Solid Wastes from Concrete Raw MaterialS..........oooeeevveeeeiiecciee e 7-2
7.3.2 Solid Waste due to ConCrete ProCESSING .......cceververierienierieseeeeeeee e 7-4
7.3.3 Concrete Products Solid Waste SUMMArY ........cceeeeveereeieeseesecee e 7-4
7.4 (O 001 01011 [0 = USSR 7-5
7.5 The Use of Wastesin Brick ProCeSSING .......cccoereiereninenineeeee e 7-6
REFEIENCES oottt e et e s b e e sae e st e e e beeeabeesaeesabeeeneeenns 7-7

Y o] 6= o Lt RSOSSN Al-1



The Athena™ Project:
Life Cycle Analysis of Brick and Mortar Products 1-1

ATHENA™ PROJECT

A LIFE CYCLE ANALYSIS OF
BRICK AND MORTAR PRODUCTS

1.0 INTRODUCTION

This report presents cradle to gate life cycle inventory estimates for masonry - brick and associated
mortar - products, and explains how the estimates were developed. The work was commissioned by
the ATHENA™ project as part of the continuing series of life cycle studies being done to support the
ATHENA™ environmental decision support tool described in the Preface.

ATHENA™ relies on life cycle inventory databases, termed unit factors, which include estimates of
raw materid, energy and water inputs as well as atmospheric emissions, liquid effluents and solid
wastes outputs per unit of product. The estimates encompass production activities from raw
materials extraction (e.g. clay quarrying) through product manufacturing, including related
transportation. We have also provided estimates of typical or average transportation modes and
distances for the distribution of finished products from relevant manufacturing facilities to the six
regions covered by the computer model.

The estimates presented in this report were developed by Venta, Glaser & Associates with the
assistance and cooperation of the Brick Ingtitute of America, National Concrete Masonry
Association and their member companies.

1.1 RESEARCH GUIDELINES

To ensure consistent and compatible approachesfor al Life Cycle Anayses, al estimates have to be
prepared in accordance with a set of research guidelines first issued in October, 1992 and
subsequently revised as needs dictate. This research protocol defined information requirements and
procedures for the study, such as the following:

. the specific building products;

. the content of general and detailed industry descriptions;

. the specific energy forms, emissions and effluents of potential interest;

. the treatment of secondary building components and assemblies,

. preferred data types and sources (e.g. actual industry data and data from
process studies);

. the analysis scope, including system boundaries and limits and the level of
detail of theanaysis;

. geographic divisions;
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. transportation factors to be included when estimating transportation energy
use; and
. aset of standard conventions for dealing with such aspects as non-domestic

production, process feedstocks, in-plant recycling and multiple products.

In addition, the research guidelines provide a set of conversion factors and tables of standard factors
for calculating energy contents and emissions by fuel type.

The analysis limits established for the project in the guidelines are similar to a Leve 1l analysis for
energy studies as determined by the International Federation of Institutes of Advanced Studies.
These limits typically capture about 90% to 95% of the full impacts of an industry.

The life cycle analysis framework and other Institute’'s studies are discussed in detal in other
Institute’s publications, especialy in the Summary Report, Phases Il and I1l. That document
includes the most recent (1997) version of the Research Guiddlines and we have not, in this report,
duplicated that materiad by explaining the rationale for dl steps in the research and caculation
process. For example, the Research Guidelines require that empty backhauls be included when
calculating transportation energy use in certain circumstances. Our calculations therefore show the
addition of such backhaul mileages without explaining why backhauls should be included. We
have, however, provided full explanations wherever our calculations do not conform to the
guidelines because of data limitations or for other reasons.

1.2 STUDY STRUCTURE

The systems modd requires Life Cycle Inventory (LCI) data for the following specific types of
masonry products:

» clay brick,

e calciumslicatebrick,
e concrete brick, and

* brick cement mortar.

Brick and mortar are essential building materials for the Canadian residential, commercid, industrial
and ingtitutional building industries, and we had to fully anayze the brick and associated industries
before developing unit factors for these products. Based on their raw materials and manufacturing
technologies, two “families’ of brick products are analyzed: clay-based bricks and concrete brick.
That fact dictated how our study was structured.

Unit factor estimates for the Canadian brick industry were developed and are expressed in terms of
material inputs or waste outputs per unit of product. Similar estimates were then developed for the
cement-based mortar required to apply and finish brick-based walls. These two sets of factors have



The Athena™ Project:
Life Cycle Analysis of Brick and Mortar Products 1-3

to be combined in the ATHENA™ computer model to develop the desired estimates for a specific
design application.

The analysis procedures and calculations are described in detail in the relevant sections of this
report. The key point a this stage is that the study was structured as two separate, but obvioudy
related, analysis streams — one for brick and one for the cement mortar.

1.3 REPORT STRUCTURE

The arrangement of this report basicaly paralels the study structure. Section 2 of the report
provides the background information regarding the industry within the framework of the Canadian
economy. It discusses in some detall the industry structure, manufacturing processes, types of
bricks and mortars manufactured and used in Canada. The fact that at least two types of bricks,
clay- and concrete-based are produced and used, affects the discussion of the manufacturing
processes. Section 2 aso introduces the major aspects of the industry with respect to energy
consumption and environment, and highlights some of the achievements in this area. Sections 3
through 7 ded with various aspects of raw materid balances, energy consumption and
environmental issues of brick and mortar production.

As indicated below, the basic progression in each part involves an overview section followed by a
series of sections dealing with each of the environmental impact areas (e.g. raw materid use, energy
use, emissions, etc) Results are presented to show regiona variations and, as necessary, by
production stage (e.g. resource extraction, raw materials transportation, and manufacturing) and
finished products transportation modes and distances.

The following regional breakdown was used for the concrete brick:

*  West (British Columbia);

» Prairies (Alberta and Saskatchewan);
e Central (Manitoba and Ontario); and
* East (Quebec and Atlantic Provinces).

In the case of clay brick, thereisonly alimited number producers in Canada, with the overwhelming
proportion of brick (over 70%) produced in the central region. Therefore, to retain the
confidentiality of the information and take into consideration the fact that essentially the same
modern brick manufacturing process is used by al the participants, the energy and emissions
estimates are based on a typica “model” Canadian clay brick operation. Information for this
model was provided by dl four of Canada’'s maor brick producers. Their data was then
consolidated by an independent reviewer selected by members of the industry. Only the distances
for the finished product shipments to the market were regionalized.
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The report is organized as follows:

Section 2

Section 3

Section 4

Section 5

Section 6

Section 7

presents an overview profile of the brick industry in Canada,
including a description of the different production processes, the
industry structure in geographic, process and capacity terms, and the
genera nature of resource and energy use, emissions and other
wastes for both the brick and the cement mortar materials.

details raw material use by the brick and cement mortar industries on
a regiona basis, and discusses raw materia transportation
requirements.

describes the brick and mortar energy use analysis and presents the
results, with sub-divisions by region and by stage of production.

deals with atmospheric emissions associated with brick and mortar
production on a regiona basis by production stage, including the
analysis method and results.

focuses on liquid effluents associated with production of brick and
mortar products.

deals with solid wastes generated by production of brick and mortar.
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2.0 MASONRY INDUSTRY - AN OVERVIEW

This section provides an overview of the masonry - brick and mortar - products industry in Canada.
It provides basic information on the structure, sze, production volumes and geographical
distribution of the industry, and its position within the framework of the Canadian minerals as wdl
as construction industries. As the Canadian and U.S. brick and cement/concrete industries are
generaly integrated, some U.S. data are aso included, especidly in cases where smilar Canadian
information is lacking or inadequate.

The basic manufacturing processes for the production of clay brick, concrete brick and cement
mortar, are shown and described. Related energy use and efficiency issues, as wdl as emissions,
effluents and waste outputs are also briefly discussed as an introduction to a more detailed
description of these aspects and the development of the appropriate unit factors in subsequent
sections.

2.1 INDUSTRY STRUCTURE
2.1.1 Clay Brick

The clays are acomplex group of materias that consist of severa mineral commodities, each having
somewhat different mineralogy, geological occurrence, technology and applications. They are dl
natura, earthy, fine-grained minerals of secondary origin and composed of an alumino slicate
structure with additional iron, alkalis and alkaline earth elements.1 Clay isan abundant raw material
with awide variety of usesand properties. To the brick industry, common clays and shales are of
primary interest. Common clays are sufficiently plastic to permit ready molding and when fired,
they vitrify below 1100°C. Other types of clays include kaolinitic clays, such as bal clay, fire
(refractory) clays, stoneware clay and kaolinite, as well as a number of speciaty clays, including
bentonite, Fuller’s earth and attapulgite. In 1994, the annua clays production represented about
$114-million, with more than $76-million accounted for by Ontario.”

Shale is a sedimentary rock, composed chiefly of clay minerals, which has been laminated and
hardened while buried under other sediments. Suitable common clays and shales are used in the
manufacture of structural clay products such as clay brick (50%), structural and drain tiles, as well
as lightweight aggregate (14%) and portland cement (27%).4 Common clay and shales are found
in al parts of Canada.

Clays and shales are used in a myriad of products. The last year that the Canadian Mineras
Y earbook reported on them was 1992.1 Some draft more up-to-date data were obtained directly
from Natural Resources Canada.? These statistics, however, provide primarily consumption of
chinaclay, bal clay, fire clay and bentonite. Consumption of common clay and shale that constitute
the type of clay used in brick productionis not listed in the Y earbook data.



The Athena™ Project:
Life Cycle Analysis of Brick and Mortar Products 2-2

U.S. data shed some light on quarrying and use of common clays and shales, that in most aspects is
valid for Canadaaswell. Most of the producers quarry common clay and shale for their own use;
less than 10% of total output is sold.4-6 The average value for common clay and shale produced in
the USA was US$5.48 per tonne (1994). The economic radius for shipment of clay / shale is
usualy 320 kilometres or less. The high cost of transport promoted the development of loca
ownership companies, or in the case of a large firm, the ownership and operation of severd
strategically located pits and associated fabricating plants. Common clay is used most frequently in
the manufacture of heavy clay products, including:

e structural clay products, such as building brick, flue linings, sewer pipe, drain tile,
structurd tile, and terra cotta;

e portland cement clinker; and

e lightweight aggregate.

In the U.S., 1994 domestic sales and use of common clay and shale was 25.9-million tonnes vaued
a US$142 million. Approximately 14.3-million tonnes of clays (55%) were used in the
manufacture of structura clay products. Common and face brick accounted for 93% of this total.
The Bureau of Census reported shipments of building and face brick to be 7.20 hillion bricks
valued at US$1.10 billion (1995). Itisestimated that for 1995 common clay and shale production
was about 29.7-million tonnes.

Table 2.1 showsthe clay mining and brick manufacturing operations, and their locations.

Over the years, there has been significant consolidation in the Canadian brick industry, as in North
America generdly, with further and further concentration of ownership among a few large
companies. Prior to WWII, there were over 3,000 brick manufacturers and over 4,500 brick plants
inthe U.SA. In 1996, there were only 93 manufacturers operating 204 plants there. At the same
time, the industry capacity in units has remained relatively constant.13

The North American brick industry is fairly integrated, with Canadian producers participating in a
major way in brick production in the U.S. aswdl. A Canadian based company, the Jannock’s
Brick Group, is one of North America's largest manufacturers of clay brick with operations not
only in southern Ontario and Quebec, but also in Texas, North and South Carolina, Mississippi,
Michigan and Kentucky.14

The “Clay Brick Association of Canada’ suspended its operation, it has no staff or office,
athoughit till legally exists. Itsformer members maintain an informal contact and affiliation with
the “Brick Ingtitute of America” The four main Canadian clay brick producers agreed to
cooperate and to provide a consolidated summary of the required information for the ATHENA™
study through athird party acting as an independent assessor.
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TABLE 2.1: CLAY MINING AND BRICK PRODUCTS
MANUFACTURING OPERATIONS, 1996
Company Location Products Raw Material Size
Nova Scotia
The Shaw Group Ltd. Lantz brick, block & tile common clay, ball E
clay
Quebec
St. Lawrence Brick
(Division of Jannock Ltd.) Laprairie building brick shale C
Ontario
Brampton Brick Ltd. Brampton building brick shale C
Canada Brick Ltd. building brick shale E
(Division of Jannock Ltd.)
Burlington plant Burlington
Ottawa plant Ottawa
Streetsville plant Streetsville
Cooksville plant * Streetsville
Hamilton Brick Ltd. Hamilton building bricks shale B
Manitoba
I.XL Industries Ltd. Lockport brick & tile common clay E
Red River Brick & Tile Division*
Alberta
I.XL Industries Ltd.
Medicine Hat Brick & Tile Division Medicine Hat brick, block, flue liners common clay D
Northwest Brick & Tile Division* Edmonton building brick common clay B
Redcliff Pressed Brick Division Redcliff facing & fire brick common clay B
British Columbia
Clayburn Industries Ltd. Abbotsford refractory brick, imported ball clay D
mortar
Sumas Clay Products Ltd. Sumas brick, drain tile & flue  common clay C
lining

Size keys:

(E) 200-499 employees, (F) 500-999 employees, (G) over 1000 employees.
Source: Adapted from Ref. (1, 2)

(A) up to 25 employees, (B) 25-49 employees, (C) 50-99 employees, (D) 100-199 employees,

Notes: * plant not in operation

In 1997 the four mgjors, 1. XL Industries Ltd., Canada Brick Ltd, Brampton Brick Ltd. and the Shaw
Group Ltd. have operated a total of 27 lines in 13 plant locations. Their total plant capacity is
541,000,000 units (based on the “Ontario” brick - 213x102x60 mm [LxWxH]). The 1996
capacity utilization was 80%.28
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2.1.2 Calcium Silicate Brick

Calcium dlicate, or sand-lime, masonry units are made by mixing lime and sand with a sufficient
amount of water to permit the mixture to be molded under high pressure. The resulting “ green”
units are subjected to high pressure steam in an autoclave which promotes a reaction between the
lime and silicato form hydrated cacium slicates similar to those formed when water and portland
cement react.24

Worldwide more than 30 hillion calcium slicate bricks are produced annualy, mainly in Europe,
the Middle East, East Ada, Audtrdia and Mexico. The first sand-lime brick plant in the U.S. was
built in 1901, and by 1927 more than 320 million bricks were being produced each year a more
than 50 plants. In 1986, only one American producer, Grays Ferris Brick Co., N.J., remained.2>
Market dominance of clay brick coupled with poor product quality is considered to be the reason
for the decline of the U.S. calcium silicate industry.

There is one producer of cacium slicate (sand lime) brick in Canada, Arriscraft Corporation in
Cambridge, Ontario. The units are produced for architectural application, including structural
components and verticd thin-wall exterior or interior masonry skins. The units are said to have
high compressive strength and tol erate severe weathering.24

2.1.3 Concrete Brick

Concrete masonry units (CMUSs) are made from various aggregates, cementitious binder - usually
portland cement, and water. The most common CMU, concrete block, was covered in detal in
another ATHENATM study, “Building Materias in the Context of Sustainable Development: Raw
Materia Baances, Energy Profiles and Environmental Unit Factor Estimates for Cement and
Structural Concrete Products’.1®

While standard concrete block represents the majority of CMU production, other products, such as
architectural units, concrete pavers, segmental retaining wals, concrete brick and speciaty products
are also made. In the U.S,, nationdly, standard block constitutes 51.7% of the total production,
while concrete brick only 4.4%.

In Canada, there are 96 CMU manufacturing facilities covering all regions of the country. Concrete
masonry combined with precast/prestressed concrete products, accounts for only 5% of Canadian
cement consumption.1é6 It can be safely assumed that only some of the CMU producers
manufacture concrete masonry brick.

The interests of the Canadian concrete masonry industry are represented by the Canadian Concrete
Masonry Products Association (CCMPA). In the U.SA., the Nationa Concrete Masonry
Association (NCMA) has a similar mandate.
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2.1.4 Cement Mortar

Mortars are bonding materials that integrate a brick, clay or concrete, into a masonry wall, binding
the masonry unitsinto asingle element. Mortar must be strong, durable, and capable of keeping the
wall intact. Mortar also must help to create awater resistant barrier.11 The basic mortar ingredients
include portland cement, hydrated lime, sand and water. Masonry cement may be used in place of a
portland cement/lime combination. Cement mortar was discussed in detail in the Cement and
Structural Concrete Products Report,15 and it will be reviewed here only briefly in the context of
clay/concrete brick use.

2.2 CLAY BRICK MANUFACTURING

Brick manufacturing still follows the basic steps of centuries past. Technologica advancements
over the years, however, have made the modern brick plant substantially more efficient and have also
improved the overdl quality of the products. A more complete knowledge of raw materials and
their properties, better control of firing, improved kiln designs and more advanced mechanization
have al resulted in the devel opment of amodern, progressive industry.

2.2.1 Raw Materials

While clay is one of the most abundant mineral materials on earth, clay for production of brick
must possess some specific properties and characteristics. To satisfy modern production
requirements, clays must have plasticity which permits them to be shaped or molded when mixed
with water, and they must have sufficient wet and air-dry tensile strength to maintain their shape
after forming. Finally, when subjected to rising temperatures, the clay particles must fuse together.8

Clays used in brick manufacturing occur in three principal forms, all of which have similar chemical
compositions but different physical characteristics. Surface clays, found near the earth surface,
may be the upthrusts of older deposits or of more recent, sedimentary formation. Shales are clays
that have been subjected to high pressures until they have hardened almost to the form of soft rock.
Fire clays are usually found at deeper levels than other clays, they contain fewer impurities than
either surface clays or shales, have more uniform chemicad and physica properties, and have
refractory qualities.

2.2.2 Manufacturing Process

Although individual manufacturing plants may vary somewhat from the basic brick manufacturing
process in order to accommodate their particular raw materials and methods of operation, the
principles are fairly uniform. The basic technology consists of mixing of ground clay with water,
forming of bricks into the desired shape and sze, and drying and firing. The Brick Ingtitute of
America subdivides the brick manufacturing procedure into six general phases:8
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e winning and storage of raw materials,
* preparing of raw materials;
e forming units;

e drying;

» firing and cooling; and
e drawing and storing of finished products.

The basic manufacturing steps are depicted in Figure 2.1 and summarized below:

raw

winning

crushing

materials | pm| & Storage

coating
or glazing

(i j(i ) -y screening

pulverizing

forming & cutting

~{

-
to storage & shipping

drying

Fig. 2.1

2.2.3 Extraction

firing

Flow diagram of aclay brick plant (adapted from Refs. 8).

The clay industry uses the term “winning” for clay mining (quarrying). To win originally meant
to obtain. Surface clays, shales and some fire clays are mined in open pits with power equipment
such as power shovels, front-end loaders, backhoes and scraper-loaders, some fire clays are taken
from underground mines. The clay or shale mixtures are then transported to plant storage areas.

It is a common practice to store enough raw materias for severa days operations, thus insuring
continuous operation regardless of weather conditions. Normally, the manufacturer mixes clays
from different locations in the pit and, often, from more than one source. Blending produces more
uniform raw materias, helps to control colour and permits some control over raw materials
suitability for manufacturing a given type of brick.
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2.2.4 Preparation

The clay isddlivered to a crusher, which breaks up the larger pieces with sted knives and removes
stones. It is then discharged onto circular pans, where it is ground to a fine powder by large
grinding whedls, weighing 4 to 8 tonnes each. Some clays require very little preparation, while
others require extensive grinding. Most plants then screen the clay, passing it through inclined
vibrating screens to control particle sizes.

2.2.5 Forming

After the clay is ground, it is tempered in a pug mill. Tempering is the first step in the forming
process. Water is added to the ground clay in the mixing chamber of the pug mill whose revolving
shafts mix (temper) the raw materials. Tempering reduces the clay to a homogeneous plastic mass
and produces the desired consistency for brick forming. Bricks can be formed by a soft-mud, stiff-
mud, or dry-press processes.

In the Stiff-Mud Process, clay is mixed with only sufficient water to produce plasticity, usualy
from 12 to 15 percent by weight. After thorough mixing, i.e. “pugging”, the tempered clay goes
through a de-airing chamber in which avacuum of 375 to 725 mm of mercury is maintained. De-
aerating removes air holes and bubbles, giving the clay increased workability and plagticity, thus
resulting in greater strength. Next, clay is extruded through a die to produce a column of clay in
which two dimensions of the final unit are determined. The column then passes through an
automatic cutter to make the final dimension of the brick unit. Cutter-wire spacing and die sizes
must be carefully calculated to compensate for normal shrinkage during wet stages through drying
and firing. Asthe clay column leaves the die, textures or surface coatings/ glazes may be applied.

The Soft-Mud Processis particularly suitable for clays which contain too much natural water to be
extruded by the stiff-mud process. It consists of mixing clays so that they contain 20 to 30 percent
water and then forming the unitsin molds. To prevent clay from sticking, the molds are lubricated
with either sand or water. When sand is used, the brick are “sand-struck”; if water is used, they
are “water-struck” brick. Brick may be produced in this manner by a machine or by hand process.

The Dry-Press Process is particularly adaptable for clays of very low plasticity. Clay is mixed
with aminimum of water (up to 10 percent), then formed in steel molds under pressures from about
3.5t0 10.5 MPausing mechanica rams.

Based on asurvey of its membership, the Brick Ingtitute of America reports that 94% of the brick
shipped was produced by extrusion (stiff-mud process), 5% by machine molding (soft-mud
process), and the remainder by dry pressing or hand molding.2?

2.2.6 Drying

When wet bricks come from the brick-making molding or cutting machine, they contain from 7 to
30% moisture, depending on the forming process used. Beforethefiring process begins, most of
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thiswater is evaporated. Wet bricks may be stacked in open sheds for aperiod of 1 to 6 weeks for
drying. However, most brick isnow dried in mechanical dryers under controlled conditions of hest,
moisture, and air velocity. Drying times, which vary with drying temperatures (about 40°C to
200°C) and different clays, are usually from 2 to 4 days. Although heat may be generated
specifically for dryer chambers, it is more commonly supplied as exhaust heat from firing kilns. In
all cases, heat and humidity must be carefully regulated to avoid excessive cracking of the brick.

2.2.7 Firing and Cooling

Firing is one of the more specialized steps in the manufacture of brick, requiring from 40 to 150
hours, depending upon kiln type and other variables. Most bricks are now burned (fired) in kilns
having permanent enclosures, with hesat (flame) directed straight into the kiln. Clay bricks are fired,
usually with natural gas, athough propane, oil, sawdust, coal or combinations of these fuels can also
be used, at temperatures of about 1100 to 1200°C. The temperature range used in brick firing is
high enough to generate both fuel and therma NOy emissions, with avery substantial portion of the
emissions in the non-attainment aress.

The heat may be furnished through grates under bricks piled in arches as in older types of kilns.
These kilns are called up-draft kilns. If the heat enters near the top of the kiln and passes down
through the piled brick and out through openings in the floor to chimneys, the kiln is called a down-
draft kiln. The kilns may be either intermittent (periodic, batch) or continuous. A periodic kiln is
onethat isloaded, fired, alowed to cool and unloaded, after which the same processes are repeated.
The continuous tunnel kilns are now widely used. The tunnel kiln consists of either a straight or a
curved tunndl, with several zones in which hest is carefully controlled. Firing may be divided into
the following six stages, associated with different temperature ranges and the steps of the firing
process, with the actua temperatures being determined by the particular clay or shale used:

» “water-smoking” (evaporation of free water) <205°C

e dehydration 150°C —-980°C
e oxidation 540°C —-980°C
* vitrification 870°C —1320°C
e flashing

* cooling

Bricks are loaded onto specia cars and pushed through the various sections of the tunnél kiln a a
pre-determined schedule. The tunnel kiln operates continuoudly, is very efficient and produces a
more uniform product. A modern tunnel kiln can produce 40 to 80 million bricks ayear, in contrast
to older periodic kilns which produced perhaps 2 million bricks in a batch process. Of course, the
modern manufacturing processes require a substantial capital investment.

Clays are unlike metals in that they soften dowly and met or fuse gradualy when subjected to
rising temperatures. It is this property of day, its fushbility, which causes it to become hard, solid
and of relatively low absorption when properly fired. Fusing takes place in three stages:
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1) incipient fusion, that point when the clay particles become sufficiently soft that the
mass sticks together;

2) vitrification, when thereis extensive fluxing and the mass becomes tight, solid and
non-absorbent; and

3) viscous fusion, the point at which the clay mass breaks down and tends to become
molten.

The key to the firing process is to control the temperature in the kiln so that incipient fusion and
partial vitrification are complete but viscous fusion isavoided. The rate of temperature change must
be carefully controlled, depending on raw materials, as wdl as the units being produced. Kilns are
normally equipped with recording pyrometers and other temperature sensors to provide a constant
check on thefiring process. After the temperature has reached the maximum and is maintained for
a prescribed time, the cooling process begins. Two to three days are required for proper cooling in
periodic kilns, but in tunnel kilns the cooling period seldom exceeds 2 days. Because the rate of
cooling has adirect effect on colour and because excessively rapid cooling will cause cracking and
checking of the ware, cooling is an important stage in the firing process.

2.2.8 Drawing

Drawing is the process of unloading a kiln after cooling. It is at this stage that units are sorted,
graded, packaged and taken to a storage yard or loaded for delivery. The mgority of bricks today
are packaged in self-contained, steel-strapped cubes, which can be broken down into individua
strapped packages for ease of handling on the job site. The packages and cubes are formed in such
amanner asto provide openings for handling by fork lifts. Most of the brick is shipped by truck,
although some is transported by rail aswell.

Brick manufacturing is a mature, fine tuned technology. In recent years, the Canadian producers
have been improving their manufacturing facilities, largely to replace obsolete equipment and reduce
energy consumption. Aswell, there were some new, state-of-the-art brick plants commissioned and
opened in the late 1980s. The primary factors behind the efficiency and production costs of
different plants is their location (proximity to the source of clay vs. markets), vertica integration
(clay/shale quarry, brick production ling/kiln), and, of course, the size and the speed of the
production lines.

2.2.9 Types and Shipments of Clay Brick

Theindustry has developed and is producing a range of different bricks for different applications.
CAN/CSA Nationa Standards cover various types of brick and specify their composition and
gpecia properties. In the U.S.A. the brick products are covered by ASTM standards. With the
demise of the Clay Brick Association of Canada, no data regarding the breakdown of brick
production by type is available. From the Brick Institute of America (BIA) detailed information
regarding the situation in the U.S. is availablel8, and in the absence of similar Canadian data we will
assume that these are indicative of the breakdown of the Canadian market.
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Face brick (i.e. brick made for facing purposes) made from selected clays to produce desired colour
and often treated to produce surface texture, accounted for the majority of shipments in 1995 a
95.8% of thetotal. Building brick, formerly called common brick, not specialy treated for texture
or colour represented another 1.6%, while thin brick units and paving brick accounted for the
remaining 0.1 and 2.5%, respectively.

Face Brick - 95.8%
Building Brick - 1.6%
Thin Brick - 0.1%
Paving Brick - 2.5%

[ M @ E3

Fig. 2.2 Clay brick shipments by product type, 1995 (Source: BIA18).

Bricks are produced in awide variety of sizes. To indicate relative popularity of various sizes, Table
2.2 showsthe BIA’s U.S. statistics for 1995 shipments of various types of units expressed both in
actua units shipped and their Standard Brick Equivaent (S.B.E.). Modular brick was the most
prevalent type, accounting for 37.5 % of al S.B.E. brick shipped, followed by Standard brick a
19.4 S.B.E.18

Shipments through dealer/distributors account for 63.6 % of the total, while direct sales represent
36.4 %. Among direct sales shipments, residential isthe predominant end use, accounting for 76.4
% of the total. This is followed by non-residential building uses (12.5 %) and non-building uses
(11.1 %). Similarly, the mgjority of the dealer/distributors sales are for the residential market (68.4
%), followed by non-residential use (29.1 %) and non-building applications (2.5%), as shown in
Table2.3.18
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TABLE 2.2: TYPES OF CLAY BRICKS SHIPPED IN THE U.S.A., 199518

Type of Unit Dimensions Actual % S.B.E. S.B.E. %
in Inches Units of Conver Shipped of
(inclusive sizes) Shipped Total sion (1000) Total
(1000) Factor
Thickness Height Length
Modular 3-1/2-3-5/8 2-1/4 7-1/2-7-5/8 2,219,784 41.4  1.00 2,219,784 375
Standard 3-1/2-3-3/4 2-1/4 8 1,149,291 21.4 1.00 1,149,291 194
King 2-3/4-3 2-5/8-2-3/4  9-5/8-9-3/4 619,956 11.6 1.35 836,964 14.1
Engineer standard 3-1/2-3-3/4 2-3/4-2- 8 432,402 8.1 1.20 518,882 8.8
13/16
Queen 2-3/4-3 2-3/4 8 84,375 1.6 1.10 135,000 2.3
Other sizes various dimensions 278,992 5.2 - 298,080 5.0
2-1/2" brick 3-1/2-3-3/4 2-1/2 8 19,776 04 1.10 21,754 0.4
Paver full thickness 2-14 3-5/84 7-5/8-8 89,920 1.7 1.20 107,904 1.8
Engineer modular 3-1/2-3-5/8 2-3/4-2- 7-1/2-7-5/8 310,998 5.8 1.20 373,198 6.3
13/16

Paver half thickness 1-1-5/8 3-5/8-4 7-5/8-8 35,688 0.7 1.10 39,257 0.7
Roman 3-1/2-3-5/8 1-1/2-1-5/8  11-1/2-11-5/8 1,970 <0.1 1.00 1,970 <0.1
Thin brick wall 3/8-1/2 2-1/4 7-5/8-8 12,072 0.2 0.20 483 <0.1
Utility 3-1/2-3-5/8  3-1/2-3-5/8 11-1/2-11-5/8 86,301 1.6 220 189,845 3.2
Norman 3-1/2-3-5/8 2-1/4 11-1/2-11-5/8 10,106 0.2 145 14,654 0.2
Other types & sizes various dimensions 9,163 ~0.1 - 16,815 ~0.2
TOTAL 5,360,794 100.0 - 5,923,881 100.0

TABLE 2.3: SHIPMENTS OF CLAY BRICKS BY END USE (U.S.A., 1995)18

Percent of Percent of Percent of

Total Direct Sales Dealer /

Shipments Shipments Distributor
Sales

Shipments
Residential 74.5 76.4 68.4
Single family 70.4 73.7 59.8
Multi family 4.1 2.7 8.6
Non-residential 16.4 12.5 29.1
Commercial 10.1 7.6 18.3
Industrial 0.8 0.5 1.8
Institutional 5.6 4.5 9.0
Non-building 9.1 111 2.5
TOTAL 100.0 100.0 100.0
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2.3 CALCIUM SILICATE BRICK MANUFACTURING

The cacium slicate (sand-lime) brick manufacturing process is shown in Fig. 2.3, and briefly
discussed below:

sand hydrated

lime

sand lime weigh ﬁl) (I f ; O O
weig hopper
hoppet to storage & shipping
batch mixer
4 automatic press
and stacker
‘ steam autoclave
t; (single or double door)
O O O OO0 00 O

Fig. 2.3 Flow diagram of a calcium silicate brick plant.2>

2.3.1 Raw Materials and Manufacturing Process

Clean, high grade sand is mixed intimately with 5 to 8% high calcium hydrated lime [Ca (OH)2] in
awet state. If quick lime [CaQ] is used, it is hydrated (daked) firdt, i.e. it is reacted with water to
form hydrated lime.

The resulting plastic mixture is molded into bricks and then autoclaved under pressure in an
atmosphere of steam for 3 to 8 hours, depending on the pressure-temperature levels. Under these
conditions, lime reacts with slica to form complex hydro di-cacium slicates, smilar to those
formed when water and portland cement react, that act as the cementing materid and provide high
dimensional stability. Improved modern production techniques can develop strengths exceeding
portland cement-based products. Finished brick is pearl-gray in appearance. The grading and use
of sand-lime brick are similar to those of burned clay brick.24 25
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2.4 CONCRETE BRICK MANUFACTURING

The concrete masonry manufacturing process is schematically shownin Fig. 2.4, and its main steps
are discussed below:

< >  aggregates
and admixtures
portlan

cement DEQN e
| B

' molding
I I | - B B BEH Bd B9 EBEH

batching & mixing
mist curing, 50 to 65°C

B e EEEEEEEE |
to storage and shipping - B B B B B BEH

curing chamber
Fig. 24 Flow diagram of a concrete brick plant.

2.4.1 Raw Materials

Concrete brick is made of portland cement (PC) and suitable aggregates. Production of these two
main components of concrete masonry was discussed in detail in the ATHENA™ Cement and
Structural Concrete study.1> PC is shipped to the concrete masonry unit (CMU) manufacturer
most often by truck, as is fly ash, sometimes used as a supplementary cementing materia. The
cementitious materials are pumped into silos for storage at the CMU manufacturing plant, and from
there fed to the concrete mixer.

Aggregates are usualy localy available and in abundant supply. While natural aggregates from
loca quarries and pits are normaly used as the main aggregate in concrete masonry production,
lightweight aggregates such as expanded shale or clay and pumice might also be used. The
aggregates are stockpiled at the CMU manufacturing site.  Electric powered conveying systems
transport the aggregates to the concrete mixer. Most mixers have a capacity of 1.5 to 3 m3.
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2.4.2 Mixing and Forming

Concrete brick (and other CMUSs) are produced by molding a zero slump concrete into the desired
shape and curing the product. Unlike most concrete products, zero Sslump concrete is not awet mix.
The amount of water used to manufacture concrete brick is seldom more than 5 percent by weight.
As the stockpiled aggregate often contains up to 60 percent of the required water, the actual amount
of water added is proportionally reduced. Typically, 100 kg of water is added per m3 of concrete.
Zero slump concrete mixes use water efficiently.17, 26

The concrete mix is fed into a mold and vibrated. The consolidation by vibration not only
minimizes the required water, but also minimizes the required cementitious materials. The quantity
of cementitious materials is usually between 6 to 12 percent by weight of the aggregate. This is
about 160 to 225 kg of cement per m3 of concrete. The moist mix minimizes dust and related
environmental impact. Pigments and other additives, such as soaps and stearates, may be used in
the manufacture of architectural concrete masonry units. When used, the combined quantity of dl
additivesis usually about 2.5 to 3 percent by weight of cement. Thisis approximately 4 to 8 kg per
m3 of concrete.

The concrete bricks are formed on steel palets. The pdlets are placed on racks and moved to
curing chambers. Most racks are automated and eectricaly powered. In older manufacturing
facilities, or on specialty lines, the racks are usually moved with fork lifts.

2.4.3 Curing and Drawing

The curing processes vary from low temperature mist cures to high pressure steam (180°C) or
autoclave curing. Most concrete masonry units produced today are produced using low
temperature, 50 to 65°C, mist curing. Fossil fuels are used to fire boilers to heat the curing water.
Other than the energy for curing the brick, eectricity is used to power conveying systems for the
ingredients, mixers and the concrete masonry molding machine. 1/

During the manufacturing process, any product that is damaged prior to curing is returned to the
mixer. There are no waste products generated from this stage of the production process. Cured
product that is not usable may be crushed and used as aggregate.

The concrete bricks are generally packaged in cubes, in the same manner as clay bricks. Banding
with metal strapsis common. Cubed product is moved to storage areas and to trucks by fork lifts.

2.4.4 CMU Types and Shipments

As dready indicated, concrete bricks represent only a small fraction of the total concrete masonry
produced and sold.
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Concrete Pavers
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Concrete Brick
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Fig. 2.6 Sales mix of concrete masonry units (U.S.A.), 199519

In contrast with clay brick, the mgjority of CMUs are used in non-residential applications, with only
about 28 % of thetotal units, including dl types of block, concrete brick and concrete pavers, used
in the residential market.
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Fig. 2.7 Market distribution of concrete masonry units (U.S.A.), 199519
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2.5 CEMENT MORTARS
2.5.1 Cement Mortars Manufacturing

Mortars consist of cementitious materials, sand and water. For cement production we refer back to
the earlier ATHENATM study on the Cement and Structural Concrete Products Study. 1>

Cementitious mortar may be premixed and shipped to the project, ready for use, but this is not a
common practice. Normally, mortar is manufactured at the construction site.  Site batching of

mortar usually involves adiesel powered mechanica mixer.

<§> portland sand
water

cement
& lime
or
masonry
cement

batching & mixing
discharge & use

[ -

Fig. 2.8 Flow diagram of cement mortar production.

2.5.2 Types of Cement Mortars Produced
The general types of mortar according to specifications are as follows:

 TypeS: Thisis high-strength mortar suitable for genera use and recommended
specifically for reinforced brick masonry and plain masonry below grade.

* Type N: Thisis amedium-strength mortar suitable for general use in exposed
masonry above grade.

Proportioning of the main ingredients — portland or masonry cements, hydrated lime, sand and
water — determines mortar type and performance.
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2.6 MASONRY INDUSTRY, ENERGY AND ENVIRONMENT

Like any industry, brick and mortar manufacturing uses energy resources and emits some
pollutants to the atmosphere. It also generates some liquid effluents and solid wastes. At the same
time, brick is perhaps one of the more environmentally friendly building products because:

e processing temperatures are relatively low, and
* clay, the primary component of fired brick, is one of the most abundant raw
materials

2.6.1 Energy Use and Efficiency

In Canada, the principal fuel used in the manufacturing of clay brick today is natural gas, athough
in the U.S. the industry began areturn to other fuels due to gas shortages in the early 1970's. The
mix of fuels there shifted from 95% natural gas in 1970 to 65.9 % today. The principal solid fuel
inuseis sawdust (10.8%) followed closely by powdered coa (9.6%). Then comes fud oil (7.8%)
and propane (6.0%). The principal stand-by fuels are propane and fuel il .9

2.6.2 Atmospheric Emissions

Atmospheric emissions - COo, SOy, NOy, CHa, VOC, CO and particulates (PM) - are generated in
all steps of the clay brick manufacturing process, mainly due to the use of energy in raw materias
transportation, in the manufacturing stages (primarily from kiln fuel combustion), as well as in
trangportation of the finished ware. Temperatures in clay brick kilns are high enough to produce
aso some thermal NOy, in addition to fuel NOy. Because most of the Canadian manufacturers use
natural gas asthe main kiln fuel, emissions have been reduced, especially in comparison to the past,
when coal and oil were the predominant fuels.

The primary sources of PM emissions are the kiln and raw materials grinding and screening
operations. Other sources of PM emissions include sawdust dryers used by plants with sawdust-
fired kilns, coal crushing systems used by plants with coal-fired kilns, and fugitive dust sources
such as roads and storage piles.10

Certain additional pollutants originating from the raw materials themselves may be emitted from the
brick kiln. These include fluorine (40 to 205 ppm in stack gases), present as hydrogen fluoride and
asmall amount of chlorine (0.7 to 4 ppm in stack gases), aswell as SOy and C0O,.23 Fluorine and
chlorine are present in brick raw materials. As the green bricks reach temperatures of 500° to
600°C, hydrogen fluoride and chloride are formed. Because F and Cl content in clays and shales is
highly variable, emissions of their compounds vary considerably depending on the raw materiads
used.10 The environmental effects of fluorine and chlorine include acid precipitation and possible
resulting acidification of surface waters as wel as tree and crop damage. The brick industry is
currently involved in monitoring fluoride emissions and devel oping ways to eiminate them.21
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Recent draft emission factor documentation prepared for U.S. EPA AP-4210, covering surveys of
available data on emissions associated with clay brick production, will be discussed in more detail in
Section 5. Emissions associated with concrete brick and cement mortar production, mainly due to
use of portland cement, will be estimated in a smilar manner as in the ATHENA™ Cement and
Concrete study for concrete block and cement mortar.15

BIA’s 1995 Manufacturing Report® notes that 35% of surveyed plants reported the use of one or
more pollution control measures. Of these, 30% use the bag house method to control particulate
emissions, 4.2% use wet or dry scrubbers, and 0.7% of plants use a dust collector.®

2.6.3 Liquid Effluent

Asin other mining operations, quarrying of clays in open pits results in some runoff and polluted
waste water. Itisusually contained by the nature of the operation. What waste water runoff there
is, usually comes from roadways or from plant storage areas and is contained by collection and
settling ponds where necessary.2’ Some waste water is also generated in the cleaning of concrete
masonry and cement mortar manufacturing equipment.

2.6.4 Solid Waste

Extraction of clay, in contrast to many other quarrying and mining operations, generates very little
waste, as clay isusualy used in its entirety in the manufacturing process, without any separation of
impurities, refining or smelting. There is essentially no waste when clay brick is manufactured.
For every pound of clay, nearly one pound of brick is produced with only dight moisture and
mineral 10ss.20

Solid waste generated in cement and concrete masonry production were discussed in the ATHENA™
Cement and Concrete study.1> Excess cement mortar is usually buried at construction sites or
disposed of in landfills.

2.6.5 Recycling

Recycled clay brick from construction demolition sites is popular in residential construction for
decorative use. In some areas, “antique” brick brings a higher price than new brick. If new brick
does not meet a manufacturer’ s standard, it can be easily recycled through an inexpensive crushing
process. Crushed brick chips can be used as landscape materid or reground to manufacture new,
quality brick.

The durability of structures constructed with brick and mortar averts the need for producing
replacement materials, avoiding the accompanying depletion of resources.

Recently, in some operations, sewage sludge is mixed with normal brick-making materias to
produce clay brick with no decrease in materid properties?2  Also contaminated soils can be
combined with clay to yield aquality brick, with the waste completely and safely encapsulated with
no leaching of the contaminants. To prepare contaminated soil for brick making, it is fired a
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temperatures exceeding 930°C for 12 hours. Such high temperatures burn out or encapsulate the
wastes and prevent them from escaping from the bricks. Materials containing various petroleum
products, hydraulic fluids, transmission fluids, lubricating oils, naphthalene and minera oils and
spirits are recycled in this brick-making process. By recycling the contaminated materids into
brick, this process saves the increasingly scarce space in landfill sites.20

Waste wood (saw dust) is frequently used as a source of energy in clay brick kiln firing in the
U.SA., but not in Canada. A range of waste derived fuels is utilized by the cement industry in
production of portland cement, the principal raw material of concrete brick and cement mortar.
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3.0 RAW MATERIAL REQUIREMENTS AND TRANSPORTATION

This section provides abrief overview of raw materia requirements for various types of bricks and
cement mortar production in Canada. The section also provides an overview of transportation
distances and typica modes used to move raw materials to the brick plants. These transportation
data were used to develop corresponding energy estimates presented in Section 4.0.

Typica data on actua raw materia requirements, transportation distances and modes for the brick
industries was provided to VG&A by the respective industries and verified by published
information. The bulk of the Canadian clay brick production is concentrated in the hands of only
three or four large producers, each one of them being active, usualy, in only one of the regions. It
istherefore not possible to provide all of the manufacturing data on aregional basisand at the same
time protect the confidentiality of the information. Instead, the Canadian clay brick industry
provided information for a “typical brick operation”. Since most Canadian clay bricks are
produced using essentially the same raw materias, extrusion (stiff mud) forming process and
modern continuous tunnel kilns, we do not fed this approach unduly compromised our study.
Transportation information is regionalized, as are the data for production of concrete brick.

In comparison, the concrete masonry units (CMU) industry is rather fragmented. The Holderbank
study lists six (6) concrete block plants on the West Coast, ten (10) on the Prairies (including
Manitoba), sixty one (61) in Ontario and nineteen (19) in the East.> (As the process is essentialy
the same, we assume that any concrete block operation can produce concrete bricks as well.) The
last type of masonry bricks used in Canada, the sand-lime (calcium slicate) bricks, are currently
produced by only one operation in Ontario. They are, however, distributed all over the country.

3.1 Raw Material Requirements

Brick and cement mortar formulations are essentialy identical from one region of the country to
another. Raw materias used, such as clay, cement, sand and aggregates are abundantly available.
The differences between raw materials used from one producer to another are insignificant.
Portland cement is an exception, as the raw materias mix, kiln fuels used and the process
technology itself varies across different regions of Canada.l Regiond variations will be introduced
in later sections of the report to take into account the differences in energy use and other unit
factorsin cement production.

Generadly, as indicated in Section 2, clay brick formulations consist of 82% to 85% clay, around
12% to 15% water, and small amounts of additives (each one of them less than 2%), on a mass
basis.2 Calcium silicate brick formulation consists of 85% sand, 6% lime and 9% water,3 and
concrete brick about 10% portland cement, 25% fine aggregate, 60% coarse aggregate and 5%
water.1.4,6

Cement mortar is assumed to be made with a portland cement/fine aggregate ratio of 1.3 by volume
(94:240 by weight) and awater/cement ratio of 0.5 to 0.7. (Cement mortars often have some lime
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content to improve plagticity. However, the differences between unit factor estimates for a lime
mortar and one made only with portland cement would be minima and we have therefore,
developed estimates for only the portland cement version.) Cement mortar joint application of a 10
mm (3/8") thicknessis assumed.

Traditionally, clay and calcium silicate brick formulations and raw materials consumption are given
in kilograms per tonne of finished ware. (Alternately, these can also be given in grams per brick,
which, of course, varies depending on the size of brick selected. The third possible consumption
units, often used in the field by the masonry trade, are expressed per square meter.) In the concrete
industry, for either concrete brick or cement mortar, formulasin kilograms per cubic meter are more
common.

TABLE 3.1
BRICK AND MORTAR GENERIC FORMULATIONS / AVERAGE RAW MATERIALS USE

Clay brick Calcium silicate Concrete Cement
brick brick mortar
(kg/tonne of (kg/tonne of
finished ware) finished ware) (kg/m?3) (kg/m?3)
Clay / shale 1000 - -
Portland cement - - 217 307
Lime - 60 -
Coarse - - 583
aggregate
Fine aggregate - 940 1361 785
(sand)
Water 135 90 69 185
TOTAL 1135 1090 2230 1277

Small amounts of additives might be used in production of various brick products. None of the
individua additives, however, reach the 2% limit recommended as a cut-off leve in the ATHENA™
project Research Guidelines, and therefore their specific energy and emissions estimates were not
developed.
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3.2 Raw Materials Transportation
3.2.1 Clay Brick

The raw materials used in the manufacture of clay bricksinclude surface clays and shales which are
mined in open pits. Some brick works have on-site quarrying operations (within 1/2 km), while
othersbring in raw materials by truck. In Canada 2/3 of the facilities have clay pits on the plant Ste,
using front end loaders and trucks to move the raw materials from the pit to the preparation areg,
while the remaining 1/3 of the plants truck their clay or shalein, usually from a 10 to 25 km radius.
A fraction of the clay supplies comes from some outlying areas as far as 75 km away.”

Based on the information provided by the Canadian clay brick producers, we estimated 9.22 km as
an average weighted distance for our typica plant. Trucking is the only mode of transportation
used in the industry (diesdl fud), and no backhaul is assumed for the raw materias transport.
Therefore the clay / shale transportation distances for the energy and emissions estimates is
doubled to 18.44 km.

3.2.2 Calcium Silicate Brick

Both principa raw materids, lime and sand, used in production of calcium slicate brick in the
Cambridge, ON plant that is the sole producer of these bricksin Canada are locally available. Lime
is produced in the Beachville - Ingersoll area, 65 km away, and transported from there to the brick
plant by truck (diesel fuel). We assume no backhaul, therefore the lime transportation requirement
for the subsequent energy and emissions estimatesis doubled to 130 km.

Fine aggregate (sand), that constitutes by far the largest portion of the sand-lime brick composition,
isaplentifully available raw material. There are sources close to the Cambridge plant, and athough
we have no hard information about its transportation distances and modes, we bdieve that an
average of 15 kilometres by truck is a reasonable assumption. Doubling this distance to account
for empty backhauls results in assumed truck transportation requirements of 30 kilometres for fine

aggregates.

3.2.3 Concrete Brick and Cement Mortar

Cement

Transportation of cement to concrete plants / market distribution centres in each of the six cities is
included in the total cement energy estimates from Part | of the cement and structura concrete
study.! It is shown here again for the completeness of this study.

Based on the information about transportation distances and modes provided by the Canadian
cement plants and the Research Guidelines requirement that finished product transportation data
should be provided in kilometres by mode of transport for average haul distances to Hdifax,
Montreal, Toronto, Winnipeg, Calgary and Vancouver from the relevant production points, weighted
average trangportation distances and transportation energy were estimated.
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We assumed the same finished cement percentage breakdown modes as for other structural
concrete products, i.e.:

» West Coast region plants serve Vancouver by truck;

* Prairieregion plants serve Calgary by truck and Winnipeg by rail;

» Central Region plants serve Toronto by truck if within 200 kilometres or off Lake Ontario
and by ship if on Lake Ontario and beyond 200 kilometres;

* Quebec plants serve Montreal 75% by truck and 25% by rail; and

» Nova Scotia plants serve Haifax by truck and Newfoundland plants serve Halifax by
ship.

The weighted average transportation distances by mode shown in Table 3.2.1 were then developed
using the distances of each plant from the designated cities and assuming an empty backhaul (i.e.
the actual distances were doubled in al cases). The empty backhaul assumption is consistent with
the fact that most finished cement moves to markets in speciaized bulk transporters, with only a
relatively small percent bagged before shipment. Our ultimate focus is on cement used to make
concrete masonry bricks. Virtualy al of that cement movesin bulk form.

TABLE 3.2.1
WEIGHTED AVERAGE TRANSPORTATION DISTANCES AND MODES
FOR FINISHED CEMENT (KILOMETRES PER TONNE)

DISTANCE BY MODE

REGION Truck Rail Ship
West Coast
Vancouver 114.39
Prairie
Calgary  316.46
Winnipeg 2620.00
Central
Toronto 97.15 136.35
East
Montreal 182.06 60.69
Halifax  184.80 303.60

We should make clear that the averages in Table 3.2.1 only reflect where cement is produced and
how it ismoved. They do not reflect cement consumption levelsin any of the cities. This table can
be interpreted by thinking in terms of the embodied fina transportation mileage in a representative
or average tonne of cement landed in any one of the six cities. For example, it says that an average
tonne of cement in Montreal embodies 182.06 truck kilometres plus 60.69 rail kilometres of
finished product transportation.
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Aggregates

As noted earlier, the concrete masonry industry is widely dispersed with alarge number of plants in
every region. Coarse and fine aggregate sources are also plentiful across the country and most
concrete plants can therefore locate relatively close to sources of the two raw materials. Therefore,
although we have no hard information about raw materia transportation distances and modes, we
believe the following assumptions are reasonable.

For coarse aggregates, we have assumed an average haul distance by truck of 10 kilometres for dl
plants in al regions. For fine aggregates, we have assumed an average of 15 kilometres by truck
for dl plantsin dl regions. Doubling these distances to account for empty backhauls results in
assumed truck transportation requirements of 20 kilometres for coarse and 30 kilometres for fine

aggregetes.
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4.0 ENERGY USE

This section presents our estimates of energy use for the clay, concrete and sand-lime bricks
products listed previously. The estimates include energy required to extract, process and transport
the raw materials and energy required to manufacture the products.

The boundary for thisanalysisis the plant gate of the brick production facility. Energy associated
with the transportation of finished masonry products from the plant gate to regional centres is being
estimated as part of the building construction component of the ATHENATM Sustainable Materials
Project, however this study provides a separate estimate of kilometres by mode of transport to cover
the final transportation of products from the plant gate(s) to the regiona centres. All estimates are
expressed in gigajoules per unit of finished product (i.e. GJ per m3, per tonne or per 1000 bricks
of specified size).

4.1. Clay Brick

Energy is consumed in al major steps of the clay brick manufacturing process, in clay winning and
transportation, clay preparation, brick forming, drying and firing, and drawing and shipping.
Typicaly, most of the total energy usage a brickworks occurs a the kiln for firing and drying
purposes.1l In Canada, since WWII, the entire brick industry with the exception of plants in
Atlantic Canada, built their kilns (and converted the older ones) to natural gas. We assume light ail
is being used in the Nova Scotia brickworks. Electricity is used in dl the steps of the
manufacturing process for fans, conveyers, and more specificaly, in the preparation (crushing,
milling, and mixing) and forming of the brick. In older operationsit used to represent only about 4
to 8% of the total energy consumption.11-14 With the advent of modern, highly automated plants
smilar to those used in Canada, however, the electricity consumption is substantialy higher. Diesel
fuel is the source of energy for the quarrying and hauling of the clay, both in the pit and in the
plant.

4.1.1 Clay Winning (Extraction) and Transportation

The results of the Canadian brick producers survey,10 indicate a diesel fuel consumption of
1.14 litres per tonne of clay that is extracted and handled at the quarry site. Taking the diesd fuel
energy content of 38.68 MJL (as per Research Guidelines) into consideration, the energy
embodied in quarried clay can thus be estimated to be 0.0441 GJitonne. Typicdly, the quarried
clay contains about 10 to 18% moisture - let us assume the average of 14%. Therefore, 1.14 tonnes
of moist, quarried clay has to be used to produce 1 tonne of finished ware, and on a dry basis
0.0503 GJ/tonne of brick isused in the clay extraction step.

As noted in Section 3.2.1, it is assumed that raw materials (clay or shale) are trucked an average
weighted distance of 9.22 km. As there is no backhaul transportation, this distance is doubled to
18.44 km. Taking the mode of transport (diesal-powered truck at 1.18 MJtonne.km energy
consumption) into consideration, we estimated the energy embodied in the raw materiads
transportation from the quarry to the brick operation to be 0.0248 GJ/tonne of brick.
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4.1.2 Clay Brick Processing

Fuel Energy

There are many factors affecting the energy consumption in the clay brick manufacturing process.
Kiln fuel usage depends on the firing temperature and heat time cycle, the type and condition of the
kiln, its efficiency, mode of operation, type of finished product, and type of and carbon content of
the raw materials. That isthe reason for the rather wide range of thermal energy consumption given
in literature. The“Brick and Tile Making Handbook” 12 for example, cites arange of 1.47 to 3.57
GJitonne for totd drying and firing energy requirements. It is narrowed down to 1.68 to 2.10
GJ/tonne for common brick and to 2.39 to 2.65 GJ/tonne for engineering or facing brick. For a
tunnel kiln, used by all Canadian brick producers, it suggests a specific fuel consumption of 1.30 to
2.52 GJ'tonne. The same source gives a specific heat requirement for drying in atunnel drier of
3.36 to 4.20 GJ'tonne of evaporated water. Of course, an appropriate linkage between the kiln and
the dryer can save 20% to 35% of the gross heat input.

The results of the Canadian brick industry surveyl0 indicate an average fuel energy consumption
for a typical brickworks plant of 2.559 GJ/tonne of finished ware. This is an average,
representative value provided by the industry, and as such we will use it in further calculations and
estimates. At the same time, it should be noted that for a modern, state-of-the-art Canadian plant,
fuel consumption as low as 1.768 GJtonne of brick is achievable, while some older, smaller
operations could have fuel consumption as high as 3.798 GJtonne of ware.

We were interested how the above Canadian fuel consumption vaue of 2.559 GJ/tonne of finished
ware compares with other, albeit very limited information in literature. Dr. Frederic of the Ceramic
Center of Clemson University1> offers afigure of 1000 BTU/Ib of fired clay for drying and firing
inagas-fired kiln. Thistrandatesto 2.652 GJtonne of finished ware, when use of 1.14 tonnes of
moist clay is considered to be needed for a tonne of finished brick, a number very comparable to
that provided by the Canadian industry.

Electrical Power Usage

Electrica power is used mainly in the preparation and forming of green ware, as wdl as for
conveyance of the green brick and kiln cars. Depending on the type of forming process and
equipment used, the total electrica energy consumption in brickworks can vary. Some references
give atypical range of 0.108 to 0.180 GJ/tonne of bricks.12 Modern brick plants, however, due to
the high degree of automation coupled with the prevaent use of the stiff mud forming process in
North America, tend to use substantially more power than older operations.

Typical eectrical power consumption offered by the Canadian clay brick manufacturers survey10 is
1000 kKWh/1000 brick. Considering the density of 1436 kg/m3 for Ontario brick,16 dectrical
power consumption due to brick processing of 1.9232 GJ/tonne of brick can be arrived a. Thisis
somewhat higher than expected, however, it was verified by the industry.
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In Plant Energy Use

In addition to the kiln fuel used for drying and firing of brick and the eectrical power that is used
mainly in brick preparation and forming, some diesel fudl is used for various moving equipment.
The survey10 gives a consumption of 0.71 litres per tonne of brick, which represents about 0.0275
GJ/tonne energy input.

4.1.3 Detailed Energy Estimates - Clay Brick Production

From the individua energy consumption estimates for the rawv materias extraction, ther
transportation and brick processing obtained in the above sections, the total combined energy
embodied in clay brick is presented below by process step and energy form.

TABLE 4.1.1
ENERGY USAGE IN CLAY BRICK PRODUCTION BY PROCESS STEP

GJ/tonne GJ/m?3

of finished brick of finished brick
Raw Materials Extraction 0.0503 0.0722
Raw Materials Transport 0.0248 0.0356
drying / firing 2.5586 3.6741
preparation / forming / conveyance 1.9232 2.7617
in plant fuel 0.0275 0.0395
Brick Processing Subtotal 4.5093 6.4754
TOTAL 4.5844 6.5832

Thetotal energy requirement of 4.5844 GJ/tonne for the Canadian clay brick industry corresponds
rather well with the limited data in literature, such as 4.68 GJ/tonne for the production of facing
brick in tunnd kilns in Britain, or 4.03 GJ/tonne for the average US building brick, both numbers
reported by the comprehensive UK Building Brick Industry energy audit report.11

Clay bricks are made in many different sizes and dimensional configurations. The eight typica and
most common Canadian bricks, their dimensions, volumes, and number of bricks needed per m2 of
single wythe application are shown in Table 4.1.2. It is assumed that the density of all these bricks
isessentially the same, i.e. that the the number of cores and their size varies proportionally with the
overall dimensions of the bricks. The embodied energy for dl eight types of bricks, expressed per
1000 bricks, isshown in Table 4.1.3.

Finaly, in Table 4.1.4, we show energy associated with the clay brick production by energy form.
The only difference from our “typical” Canadian brick plants is found in operations in Atlantic
Canada. While dl other Canadian kilns use natura gas as fudl, the Nova Scotia brickworks use
light ail for drying and firing as natural gasis not available there.



The Athena™ Project:

Life Cycle Analysis of Brick and Mortar Products

4-4

TABLE 4.1.2
PARAMETERS OF TYPICAL CANADIAN CLAY BRICKS

L [mm] W [mm] H [mm] V [m3] bricks per m?2
Ontario 213 102 60 0.0013036 64.5
Metric Modular 190 90 57 0.0009747 75.0
CSR 230 90 70 0.0014490 52.0
MAX 257 90 79 0.0018273 42.0
Metric Closure 190 90 90 0.0015390 50.0
Metric Jumbo 290 90 90 0.0023490 33.0
Engineer Norman 290 90 70 0.0018270 42.0
Metric Norman 290 90 57 0.0014877 49.8
TABLE 4.1.3

ENERGY USAGE IN TYPICAL CLAY BRICK PRODUCTS BY PROCESS STEP

GJ/1000 bricks

Ontario Metric Modular CSR MAX
Raw Materials Extraction 0.0942 0.0704 0.1047 0.1320
Raw Materials Transport 0.0464 0.0347 0.0516 0.0651
drying / firing 4.7895 3.5812 5.3238 6.7137
preparation / forming /

conveyance 3.6001 2.6918 4.0017 5.0464

in plant fuel 0.0515 0.0385 0.0572 0.0722

Brick Processing Subtotal 8.4410 6.3115 9.3828 11.8322
TOTAL 8.5816 6.4166 9.5391 12.0293

Metric Closure

Metric Jumbo

Engineer Norman

Metric Norman

Raw Materials Extraction
Raw Materials Transport

drying / firing
preparation / forming /
conveyance

in plant fuel

Brick Processing Subtotal

TOTAL

0.1112
0.0548

5.6545
4.2503

0.0608
9.9656

10.1315

0.1697
0.0837

8.6306
6.4873

0.0928
15.2106

15.4639

0.1320
0.0651

6.7127
5.0457

0.0721
11.8305

12.0275

0.1075
0.0530

5.4660
4.1086

0.0587
9.6334

9.7938




The Athena™ Project:
Life Cycle Analysis of Brick and Mortar Products 4-5

TABLE 4.1.4
ENERGY USAGE IN CLAY BRICK PRODUCTION BY ENERGY FORM

Vancouver, Calgary, Winnipeg, Halifax
Toronto & Montreal
GJ/tonne GJ/m3 GJ/tonne GJ/m3
of finished brick of finished brick of finished brick of finished brick
nat. gas 2.5586 3.6741 0.0000 0.0000
light oil 0.0000 0.0000 2.5586 3.6741
diesel road 0.1026 0.1473 0.1026 0.1473
electricity 1.9232 2.7617 1.9232 2.7617
TOTAL 4.5844 6.5832 4.5844 6.5832

4.1.4 Finished Clay Brick Transport

The last energy use category covers the transportation of finished brick from brickworks to the
market. Again, the survey of the Canadian brick producers!O provided the basic information about
transportation distances, modes and geographical market distribution.

All clay brick products are shipped to the job sites or distribution points by truck, there is no rail or
marine transport involved. In Eastern Canada specialized boom trucks are often used, resulting in
no backhaul. Truck shipment of clay brick to and around Western Canada is handled by
independent haulers, with 90% backhaul .17

Based on the information received, we made the following assumption regarding servicing of the six
metropolitan areas - Vancouver, Cagary, Winnipeg, Toronto, Montreal and Halifax - from the
relevant production operations:

» Vancouver is served 50-50% from Alberta and the USA

» Cagary isserved 100% from the plant in Alberta;

» Winnipeg is served 50% from Alberta, 25% from Ontario and 25% from the USA,;
 Toronto is served 100% from the Ontario-based plants;

» Montreal is supplied 90% form the local facility, 10% from Ontario; and

* Halifax is supplied 100% from local operations.

Based on the above assumptions, weighted average transportation distances were then developed
using the distances of each plant from the designated cities. These were multiplied by appropriate
factorsto account for backhaul volumesin different geographical areas (Table 4.1.5).

From these distances, using the appropriate mode of transport factor (1.18 MJtonne-km for truck
transportation), the ATHENA™ computer model calculates the energy consumption associated with
the finished ware transportation from the brickworks gate to the market.
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TABLE 4.1.5
WEIGHTED AVERAGE TRANSPORTATION DISTANCES FOR FINISHED CLAY BRICK

Average Distances [km]
Vancouver 1540
Calgary 313
Winnipeg 1329
Toronto 80
Montreal 116
Halifax 74
Truck transport factor [MJ/tonne-km] 1.18

notes: appropriate backhaul factors included in the distances
diesel truck is the only mode of transport used by the industry

4.2. Calcium Silicate Brick

Energy associated with the production of calcium slicate brick comes from three mgjor inputs -
production of lime, including limestone extraction and transport, lime manufacturing involving
limestone crushing and pyroprocessing, and finally transportation of the finished lime to the user.

4.2.1 Lime Production

There are many similarities between production of cement and lime, however, while cement energy
estimates have been available from an earlier Athena study?, for lime we had to develop such data
specificdly for this project. To estimate energy use in limestone extraction, we have assumed dl
energy useis in the form of diesdl fuel (road) as specified in the Project Research Guidelines.
Further, we have assumed that limestone is extracted from open pit mining and that it takes
0.027 GJ to extract one tonne of limestone4 In subsequent caculations, we had to take into
account the fact that 1.785 tonnes of limestone is needed to produce one tonne of lime, therefore
energy due to the extraction of raw materias (limestone) is 0.04820 GJtonne of lime.

In the case of particular lime operations supplying the clacium slicate brick plant under
consideration here, limestone processing and lime production is conducted on sites adjacent to the
open mining pit, and we assume that limestone is moved from the quarry to the plant by eectricity-
powered conveyors for an average distance of 1 km:

0.00194 GJ/itonne.km x 1.785 tonne of limestone/tonne of lime = 0.00346 GJ/tonne of lime

In lime processing, limestone is first crushed and reduced to appropriate size, then cacined, most
often in rotary kilns, and finished lime crushed and pulverized to the desired fineness. Similarly as
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in the cement study?, for primary and secondary limestone crushing as well as for lime crushing
and pulverizing, we used energy use factors from the Gardner model.>

For the energy consumption associated with the pyro-processing, as a part of Environment
Canada' s project on Lime Kilns NOy Control Technologies8, we had an opportunity to develop a
detailed confidential survey of energy usage of Canadian lime producers. Weighted average energy
use from this survey of 6.47 GJtonne of lime, taking the type of kiln and fuel into consideration, is
used here. Asfor eectrical power consumption associated with the kiln operation, an average figure
of 0.12078 GJ'tonne of lime was taken.9

Finally, energy associated with the finished lime transport from the lime plant to the brick producer
was estimated. As noted in Section 3.2.2, it is assumed that lime is trucked, with no backhaul
transportation, a distance of 65 km. Taking the mode of transport (diesdl-powered truck a
1.18 MJ/tonne.km energy consumption), we estimated the energy embodied in the finished lime
transportation to be 0.1534 GJ/tonne of lime.

The above numbers are summarized in Table 4.2.1:

TABLE 4.2.1
LIME PRODUCTION [GJ/TONNE] - ONTARIO

Raw Raw Production Finished Total
Materials Materials Lime
Extraction Transport Transport
crushing pyro- total
processing

diesel road 0.04820 0.00000 0.15340 0.20160
natural gas 6.47000 6.47000 6.47000
electricity 0.00346 0.06863 0.12078 0.18941 0.19288
total 0.04820 0.00346 0.06863 6.59078 6.65941 0.15340 6.86447

4.2.2 Sand Production

The manner in which the energy associated with production of fine aggregate (sand) was devel oped
was described in detail in Section 11.1 of the Cement and Structural Concrete Reportl, and it is
further reviewed in this report in Section 4.3.1 on concrete brick aggregate extraction, processing
and transportation. For clarity, here (Table 4.2.2) we just summarize the same data.
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TABLE 4.2.2
SAND PRODUCTION [GJ/TONNE]

Extraction Processing Transportation Total
diesel road 0.02700 0.03540 0.06240
electricity 0.03240 0.03240
total 0.02700 0.03240 0.03540 0.09480

4.2.3 Calcium Silicate Brick Processing

There are no energy consumption data regarding the sand-lime brick processing available.
However, as the process of sand-lime brick forming, curing and drawing is very smilar to that of
concrete brick, we fedl that the process energy consumption figures developed in the Holderbank
report2 for concrete masonry units and given in the Table 4.2.3 below are applicable here as well.

TABLE 4.2.3
SAND-LIME BRICK PROCESSING [GJ/TONNE]

diesel road 0.12700
natural gas 0.47300
electricity 0.06400
total 0.66400

4.2.4 Detailed Energy Estimates - Sand-Lime Brick Production

Combining the above estimates for energy embodied per tonne of lime and sand, the consumption
of these two basic raw materias in the sand-lime brick formula (Table 3.1), and the energy
associated with the brick processing itsdf, average energy use in sand-lime brick production was
arrived at. Itissummarized in Tables 4.2.4 to 4.2.6 by its main constituents, by raw materias and
process stage and energy form, respectively. All data are expressed in three different ways; in GJ
per tonne of bricks, in GJ per m3 of bricks, as wel as in GJ per 1000 bricks of the three most
common sand-lime brick types CB25, ES26 and VB31.

TABLE 4.2.4
COMMON CANADIAN SAND-LIME BRICKS

Type Dimensions Number of units per
W x Hx L [mm] m3 of concrete mix
Colonial - CB25 92 x 67 x 324 500
Executive - ES26 89 x 70 x 230 698
Vintage - VB3l 89 x 79 x 257 553

Note: All sand lime bricks are :solid”, no “cored” bricks are manufactured
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TABLE 4.2.5
AVERAGE ENERGY USE IN SAND-LIME BRICK PRODUCTION
BY MAIN CONSTITUENTS
Design tonne of RM GJ/tonne GJ/m3 GJ/1000 bricks
/tonne of of brick
brick
CB25 ES26 VB31
Lime 0.06000 0.41187 0.85010 1.69776 1.21810 1.53610
Sand 0.94000 0.08911 0.18393 0.36733 0.26355 0.33235
Water 0.09000 0.00000 0.00000 0.00000 0.00000 0.00000
Sub-Ttl (Material) 1.09000 0.50098 1.03402 2.06509 1.48165 1.86845
Process energy 0.66400 1.37050 2.73707 1.96378 2.47644
Total 1.16498 2.40452 4.80215 3.44544 4.34489
TABLE 4.2.6
AVERAGE ENERGY USE IN SAND-LIME BRICK PRODUCTION
BY RAW MATERIAL & PROCESS STAGE
energy GJ/tonne GJ/m3 GJ/1000 bricks
source of brick
CB25 ES26 VB3l
Lime RM extraction diesel RD 0.00289 0.00597 0.01192 0.00855 0.01078
Lime RM transport electricity 0.00021 0.00043 0.00086 0.00061 0.00077
Lime processing nat. gas 0.38820 0.80124 1.60019 1.14810 1.44782
electricity 0.01136 0.02346 0.04685 0.03361 0.04239
subttl 0.39956 0.82470 1.64704 1.18172 1.49021
Lime transport diesel RD 0.00920 0.01900 0.03794 0.02722 0.03433
Lime ttl 0.41187 0.85010 1.69776 1.21810 1.53610
Sand extraction diesel RD 0.02538 0.05238 0.10462 0.07506 0.09466
Sand processing electricity 0.03046 0.06286 0.12554 0.09007 0.11359
Sand transport diesel RD 0.03328 0.06868 0.13717 0.09841 0.12411
Sand ttl 0.08911 0.18393 0.36733 0.26355 0.33235
Brick processing diesel RD 0.12700 0.26213 0.52351 0.37560 0.47366
nat. gas 0.47300 0.97627 1.94975 1.39890 1.76409
electricity 0.06400 0.13210 0.26381 0.18928 0.23869
subttl 0.66400 1.37050 2.73707 1.96378 2.47644
RM Extraction subttl 0.02827 0.05835 0.11654 0.08361 0.10544
RM Processing subttl 0.43002 0.88756 1.77258 1.27179 1.60380
RM Transport subttl 0.04269 0.08811 0.17596 0.12625 0.15921
Brick Processing 0.66400 1.37050 2.73707 1.96378 2.47644
Total 1.16498 2.40452 4.80215 3.44544 4.34489
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TABLE 4.2.7
AVERAGE ENERGY USE IN SAND-LIME BRICK PRODUCTION
BY ENERGY FORM

Energy Form GJ/tonne GJ/m3 GJ/1000 bricks
of brick
CB25 ES26 VB31
Natural Gas 0.86120 1.77752 3.54994 2.54700 3.21191
Diesel Road 0.19775 0.40816 0.81515 0.58485 0.73753
Electricity 0.10603 0.21884 0.43706 0.31358 0.39544
1.16498 2.40452 4.80215 3.44544 4.34489

4.2.5 Finished Sand-Lime Brick Transport

The last energy use category covers the transportation of finished sand-lime brick from its
manufacturing facility about 80 km west of Toronto to the distribution centres. It is obvious that
the bulk of the sand-lime bricks are used in the heavily populated areas of southern and south-
western Ontario, nevertheless, according to the manufacturer’ sinformation, their bricks are shipped
to the distributors and avail able across the whole country.

Asfar asthe finished product transportation data, mode of transport and average haul distances to
Vancouver, Cagary, Winnipeg, Toronto, Montreal and Halifax are concerned, we assumed the
following:

* Vancouver, Cagary, Winnipeg and Halifax are al served by independent carriers,
by truck; 90% backhaul is assumed,

e Toronto is supplied by truck, mainly by specialized brick loading/unloading
vehicles, and therefore only 20% backhaul isinvolved, and

* Montreal isalso served by truck, 50% by the same type of specidized truck, 50%
by conventional carriers, resulting in 50% backhaul.

The transportation distances by mode are shown for the six designated cities in Table 4.2.8. The
backhaul assumptions are already reflected in the distance figures presented there.



The Athena™ Project:
Life Cycle Analysis of Brick and Mortar Products 4-11

TABLE 4.2.8
TRANSPORTATION DISTANCES BY MODE FOR SAND-LIME BRICK (KM)

Distances & Transport Mode
Truck

Vancouver 3915
Calgary 3060
Winnipeg 1865
Toronto 144
Montreal 945
Halifax 1970
Transport factors [MJ/tonne-km] 1.18
note: appropriate backhaul factors included in the distances

4.3. Concrete Brick

4.3.1 Aggregate Extraction, Processing and Transportation

We have assumed the same per tonne energy breakdown for the extraction and processing of raw
materials (fine and coarse aggregates) as for other concrete products considered in an earlier
ATHENA™ study of cement and structural concrete.l Asin that study, we also assumed the same
per tonne energy breakdown for al regions.

For coarse aggregates, the energy requirements by fuel type for raw materid extraction and
processing are as follows:

Extraction*  Diesdl - Road 0.0270 GJ/t
Processing®  Electricity 0.0108 GJ/t
Tota 0.0378 GJit

The same sources provide the following estimates for fine aggregates, assuming fine aggregate
production involves quarrying and crushing:

Extraction? Diesd - Road 0.0270 GJ/t
Processing®  Electricity 0.0324 GJit
Tota 0.0594 GJ/t

Using the distance estimates from Section 3.2.3 and the diesdl (road) combustion energy factor of
1.18 MJ per tonne-kilometre yields the following estimates of raw materia transportation energy.

Coarse Aggregates Transportation 0.0236 GJit
Fine Aggregates Transportation 0.0354 GJit
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Raw materials requirementsin kg/m3, as given in Section 3.1, were multiplied by energy per tonne
factor estimates shown above. Following are the basic calculations for estimating energy use by
activity stage.

Aggregates Extraction and Processing

kg/m?3 of GJ/m?3 of

Raw Material concrete x GJ/1000 kg = concrete
Coarse Aggregate 583 0.0378 0.02204
Fine Aggregate 1361 0.0594 0.08084
Total 0.10288

Aggregates Transportation

kg/m?3 of GJ/m?3 of

Raw Material concrete x GJ/1000 kg = concrete
Coarse Aggregate 583 0.0236 0.01376
Fine Aggregate 1361 0.0354 0.04818
Total 0.06194

4.3.2 Cement Manufacturing and Transportation

Weighted average energy embodied in atonne of finished cement production by region, by process
stage and energy form, was obtained from the ATHENA™ Cement and Concrete study! (Section
4.4), and the relevant tables 4.3.1 and 4.3.2 are shown here only for completion and transparency.

TABLE 4.3.1
WEIGHTED AVERAGE ENERGY USE IN CEMENT PRODUCTION BY PROCESS STAGE
(GJ/TONNE OF FINISHED CEMENT)

PROCESS STAGE
Raw Material Raw Material Manufacturing Cement TOTAL
Extraction Transportation Transportation
REGION
West Coast
Vancouver 0.04464 0.09041 4.68889 0.13498 4.95892
Prairie
Calgary 0.04455 0.22543 4.30586 0.37342 4.94926
Winnipeg 0.04455 0.22543 4.30586 1.28380 5.85964
Central
Toronto 0.04451 0.06829 4.44557 0.13100 4.68937
East
Montreal 0.04417 0.02365 5.52673 0.24457 5.83912
Halifax 0.04417 0.02365 5.52673 0.25449 5.84904
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TABLE 4.3.2
WEIGHTED AVERAGE ENERGY USE IN CEMENT PRODUCTION BY ENERGY FORM
(GJ/ITONNE OF FINISHED CEMENT)

ENERGY FORM

REGION Diesel Diesel HFO Natural Coal Oil Coke Waste Electric TOTAL
Road Rail Marine Gas

West Coast
Vancouver 0.187 0.001 0.082 2.303 1.463 0.155 0.196 0.00 0.571 4.959
Prairie
Calgary 0.454 0.188 0.00 3.666 0.00 0.00 0.00 0.00 0.640 4,949
Winnipeg  0.081 1.472 0.00 3.666 0.00 0.00 0.00 0.00 0.640 5.860
Central
Toronto 0.188 0.006 0.048 0.582 2.269 0.081 0.631 0.266 0.619 4.689
East
Montreal 0.274 0.030 0.008 0.774 1.663 0.848 1.187 0.469 0.586 5.839
Halifax 0.277 0.00 0.044 0.774 1.663 0.848 1.187 0.469 0.586 5.849

Note: Totals may not add due to rounding.

As was done for other concrete products reported in the cement and concrete study?l, the cement
energy isincluded at the manufacturing stage.

Aswas the case for the aggregates in Section 4.3.1, cement requirements in kg/m3 of concrete mix,
asgivenin Section 3.1, were multiplied by energy per tonne factor estimates given above.

4.3.3 Concrete Brick Processing

In the estimate of the manufacturing energy requirements per tonne of concrete masonry mix, data
from the Holderbank study were used.2

GJ/t
Electricity 0.0640
Natural Gas 0.4730
Diesel Fuel 0.1270
Total 0.6640

Since we assume the same manufacturing energy estimatesfor al six cities, this introduces a dlight
error in our estimates of energy use by fuel type for Halifax where natural gasisnot available. As a
consequence, our later estimates of atmospheric emissions for Halifax are dightly understated.

4.3.4 Detailed Energy Estimates - Concrete Brick Production

From the above data for energy required per tonne of cement and aggregates production and the
raw materials average use in generic concrete brick formula (Table 3.1), aswell as energy associated
with concrete brick processing, energy embodied in 1 m3 of concrete brick, both by process stage
and fuel type, was derived (Tables 4.3.3 and 4.3.4).
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TABLE 4.3.3
ENERGY USE IN CONCRETE MASONRY BRICK PRODUCTION BY PROCESS STAGE
(GJI/IM3)

Vancouver Calgary Winnipeg Toronto Montreal Halifax
Aggregate 0.10288 0.10288 0.10288 0.10288 0.10288 0.10288
Extraction &
Processing
Aggregate 0.06194 0.06194 0.06194 0.06194 0.06194 0.06194
Transport
Manufacturing
Cement 1.07609 1.07395 1.27160 1.01755 1.26719 1.26929
Manufacturing
Concrete 1.48072 1.48072 1.48072 1.48072 1.48072 1.48072
Processing
Subtotal 2.55681 2.55467 2.75232 2.49827 2.74791 2.75001
Manufacturing
TOTAL 2.72163 2.71949 2.91714 2.66308 2.91273 2.91483

TABLE 4.3.4
ENERGY USE IN CONCRETE BLOCK PRODUCTION BY FUEL TYPE
(GJI/IM3)

Vancouver Calgary Winnipeg Toronto Montreal Halifax
Natural Gas 1.55450 1.85042 1.85042 1.18107 1.22282 1.22282
Coal 0.31754 0.00000 0.00000 0.49231 0.36087 0.36087
Oil 0.03374 0.00000 0.00000 0.01758 0.18402 0.18402
Coke 0.04260 0.00000 0.00000 0.13684 0.25758 0.25758
Waste 0.00000 0.00000 0.00000 0.05778 0.10183 0.10183
Diesel Road 0.43822 0.49615 0.41521 0.43843 0.45709 0.45775
Diesel Rail 0.00012 0.04090 0.31948 0.00121 0.00645 0.00000
H.F.Oil 0.01780 0.00000 0.00000 0.01041 0.00172 0.00963
Electricity 0.31713 0.33203 0.33203 0.32745 0.32033 0.32033
TOTAL 2.72163 2.71949 2.91714 2.66308 2.91273 2.91483
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CSA standard A165.2-94 for Concrete Brick Masonry Units3 gives dimensions for two types of
standard Canadian modular units of 100x67x200 mm and 100x100x200 mm. Both of these
standard units can be produced either as solid (non-cored) or cored units, where the net volume of
cores cannot be more than 15% of the gross volume of the unit. Thus we have derived energy
consumption for four types of standard Canadian concrete bricks called here A1, A2, B1 and B2
(Table 4.3.5), by dividing the GIm3 energy estimates in Tables 4.3.3 and 4.3.4 by the appropriate
number of bricks produced from 1 m3 of concrete mix.

TABLE 4.3.5
CANADIAN CONCRETE BRICK MASONRY UNITS
(CSA A165.2-94)

Type Modular dimensions Basic or manufactured Solid [S] Number of units per
W x Hx L [mm] dimensions or m?3 of concrete mix
W x H x L [mm] Cored [C]
Al 100 x 67 x 200 90 x 57 x 190 S 1026
A2 100 x 67 x 200 90 x 57 x 190 C 1180
B1 100 x 100 x 200 90 x 90 x 190 S 650
B2 100 x 100 x 200 90 x 90 x 190 C 747

Energy consumption associated with the production of standard Canadian concrete bricks and
expressed per 1000 of A1, A2, B1 and B2 bricks, by both the process stage and by the fuel type, is
shown in Tables 4.3.6 t0 4.3.13.
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TABLE 4.3.6
ENERGY USE IN CONCRETE A1l (100 X 67 X 200 MM SOLID)
MASONRY BRICK PRODUCTION BY PROCESS STAGE (GJ/1000 BRICKS)

Vancouver Calgary Winnipeg Toronto Montreal Halifax
Aggregate 0.10027 0.10027 0.10027 0.10027 0.10027 0.10027
Extraction &
Processing
Aggregate 0.06037 0.06037 0.06037 0.06037 0.06037 0.06037
Transport
Manufacturing
Cement 1.04882 1.04674 1.23937 0.99176 1.23507 1.23712
Manufacturing
Concrete 1.44320 1.44320 1.44320 1.44320 1.44320 1.44320
Processing
Subtotal 2.49202 2.48994 2.68257 2.43496 2.67827 2.68032
Manufacturing
TOTAL 2.65266 2.65058 2.84321 2.59560 2.83891 2.84096

TABLE 4.3.7
ENERGY USE IN CONCRETE A1l (100 X 67 X 200 MM SOLID)
MASONRY BRICK PRODUCTION BY FUEL TYPE (GJ/1000 BRICKS)

Vancouver Calgary Winnipeg Toronto Montreal Halifax
Natural Gas 1.51511 1.80352 1.80352 1.15114 1.19184 1.19184
Coal 0.30949 0.00000 0.00000 0.47983 0.35173 0.35173
Oil 0.03288 0.00000 0.00000 0.01713 0.17935 0.17935
Coke 0.04152 0.00000 0.00000 0.13337 0.25105 0.25105
Waste 0.00000 0.00000 0.00000 0.05631 0.09925 0.09925
Diesel Road 0.42711 0.48358 0.40469 0.42732 0.44551 0.44615
Diesel Rail 0.00012 0.03986 0.31138 0.00118 0.00629 0.00000
H.F.Oil 0.01735 0.00000 0.00000 0.01015 0.00168 0.00938
Electricity 0.30909 0.32361 0.32361 0.31916 0.31221 0.31221
TOTAL 2.65266 2.65058 2.84321 2.59560 2.83891 2.84096
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TABLE 4.3.8
ENERGY USE IN CONCRETE A2 (100 X 67 X 200 MM CORED)
MASONRY BRICK PRODUCTION BY PROCESS STAGE (GJ/1000 BRICKS)

Vancouver Calgary Winnipeg Toronto Montreal Halifax
Aggregate 0.08719 0.08719 0.08719 0.08719 0.08719 0.08719
Extraction &
Processing
Aggregate 0.05249 0.05249 0.05249 0.05249 0.05249 0.05249
Transport
Manufacturing
Cement 0.91194 0.91013 1.07763 0.86233 1.07389 1.07567
Manufacturing
Concrete 1.25485 1.25485 1.25485 1.25485 1.25485 1.25485
Processing
Subtotal 2.16679 2.16498 2.33247 2.11717 2.32873 2.33052
Manufacturing
TOTAL 2.30646 2.30466 2.47215 2.25685 2.46841 2.47019

TABLE 4.3.9
ENERGY USE IN CONCRETE A2 (100 X 67 X 200 MM CORED)
MASONRY BRICK PRODUCTION BY FUEL TYPE (GJ/1000 BRICKS)

Vancouver Calgary Winnipeg Toronto Montreal Halifax
Natural Gas 1.31737 1.56815 1.56815 1.00091 1.03629 1.03629
Coal 0.26910 0.00000 0.00000 0.41721 0.30582 0.30582
Oil 0.02859 0.00000 0.00000 0.01490 0.15595 0.15595
Coke 0.03610 0.00000 0.00000 0.11597 0.21829 0.21829
Waste 0.00000 0.00000 0.00000 0.04896 0.08630 0.08630
Diesel Road 0.37137 0.42047 0.35188 0.37155 0.38737 0.38792
Diesel Rail 0.00010 0.03466 0.27075 0.00102 0.00547 0.00000
H.F.Oil 0.01508 0.00000 0.00000 0.00883 0.00146 0.00816
Electricity 0.26875 0.28138 0.28138 0.27750 0.27146 0.27146
TOTAL 2.30646 2.30466 2.47215 2.25685 2.46841 2.47019
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TABLE 4.3.10
ENERGY USE IN CONCRETE B1 (100 X 100 X 200 MM SOLID)
MASONRY BRICK PRODUCTION BY PROCESS STAGE (GJ/1000 BRICKS)

Vancouver Calgary Winnipeg Toronto Montreal Halifax
Aggregate 0.15828 0.15828 0.15828 0.15828 0.15828 0.15828
Extraction &
Processing
Aggregate 0.09529 0.09529 0.09529 0.09529 0.09529 0.09529
Transport
Manufacturing
Cement 1.65552 1.65224 1.95630 1.56545 1.94952 1.95275
Manufacturing
Concrete 2.27803 2.27803 2.27803 2.27803 2.27803 2.27803
Processing
Subtotal 3.93355 3.93027 4.23434 3.84348 4.22755 4.23078
Manufacturing
TOTAL 4.18712 4.18384 4.48790 4.09705 4.48112 4.48435

TABLE 4.3.11
ENERGY USE IN CONCRETE B1 (100 X 100 X 200 MM SOLID)
MASONRY BRICK PRODUCTION BY FUEL TYPE (GJ/1000 BRICKS)

Vancouver Calgary Winnipeg Toronto Montreal Halifax
Natural Gas 2.39154 2.84679 2.84679 1.81703 1.88127 1.88127
Coal 0.48852 0.00000 0.00000 0.75740 0.55519 0.55519
Oil 0.05190 0.00000 0.00000 0.02705 0.28310 0.28310
Coke 0.06554 0.00000 0.00000 0.21052 0.39628 0.39628
Waste 0.00000 0.00000 0.00000 0.08889 0.15667 0.15667
Diesel Road 0.67418 0.76331 0.63879 0.67451 0.70322 0.70422
Diesel Rail 0.00018 0.06292 0.49151 0.00186 0.00993 0.00000
H.F.Oil 0.02738 0.00000 0.00000 0.01602 0.00265 0.01481
Electricity 0.48789 0.51081 0.51081 0.50377 0.49281 0.49281
TOTAL 4.18712 4.18384 4.48790 4.09705 4.48112 4.48435
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TABLE 4.3.12
ENERGY USE IN CONCRETE B2 (100 X 100 X 200 MM CORED)
MASONRY BRICK PRODUCTION BY PROCESS STAGE (GJ/1000 BRICKS)

Vancouver Calgary Winnipeg Toronto Montreal Halifax
Aggregate 0.13773 0.13773 0.13773 0.13773 0.13773 0.13773
Extraction &
Processing
Aggregate 0.08292 0.08292 0.08292 0.08292 0.08292 0.08292
Transport
Manufacturing
Cement 1.44055 1.43769 1.70227 1.36218 1.69637 1.69918
Manufacturing
Concrete 1.98222 1.98222 1.98222 1.98222 1.98222 1.98222
Processing
Subtotal 3.42277 3.41991 3.68450 3.34440 3.67859 3.68140
Manufacturing
TOTAL 3.64341 3.64055 3.90514 3.56504 3.89923 3.90205

TABLE 4.3.13
ENERGY USE IN CONCRETE B2 (100 X 100 X 200 MM CORED)
MASONRY BRICK PRODUCTION BY FUEL TYPE (GJ/1000 BRICKS)

Vancouver Calgary Winnipeg Toronto Montreal Halifax
Natural Gas 2.08099 247713 2.47713 1.58109 1.63698 1.63698
Coal 0.42508 0.00000 0.00000 0.65905 0.48309 0.48309
Oil 0.04516 0.00000 0.00000 0.02353 0.24634 0.24634
Coke 0.05703 0.00000 0.00000 0.18319 0.34482 0.34482
Waste 0.00000 0.00000 0.00000 0.07735 0.13632 0.13632
Diesel Road 0.58663 0.66420 0.55584 0.58692 0.61191 0.61278
Diesel Rail 0.00016 0.05475 0.42768 0.00162 0.00864 0.00000
H.F.Oil 0.02382 0.00000 0.00000 0.01394 0.00231 0.01289
Electricity 0.42453 0.44448 0.44448 0.43836 0.42882 0.42882
TOTAL 3.64341 3.64055 3.90514 3.56504 3.89923 3.90205
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4.3.5 Finished Concrete Brick Transport

There are alarge number of concrete production facilities spread across Canada. While the ready
mixed concrete represents the largest segment of the concrete industry, concrete masonry and
precast/prestressed concrete products are the second largest consumer of cement.?2 These
operations are usually close to the metropolitan areas, where the bulk of their products are used in
construction.

Even when no detailed information is available concerning the modes of transport, based on our
experience we believe that it is largely correct to make an assumption that in al six cities under
consideration - Vancouver, Calgary, Winnipeg, Toronto, Montreal and Halifax - concrete brick is
made locally and delivered by truck from a distance of not more than 50 km. Further, we assume
that 50% of the concrete brick is delivered by specidized brick loading/unloading trucks with no
backhaul, the other 50% by the regular carriers with 20% backhaul, resulting in an average backhaul
of 10%.

Thislow backhaul number results in adjusted shipping distance for concrete brick, al by truck, of
95 kilometres.

4.4 CEMENT MORTAR

The full set of energy estimates for cement mortar isincluded in this report for completeness, as are
associated emissions and other unit factors, even though cement mortar is typically made from the
raw materials at a construction site and should therefore logically be treated as a construction stage
activity. Detailed discussion of how these estimates were developed is contained in Section 11.4 of
the Cement and Structural Concrete Report.L

Following are the calculations for energy to produce cement mortar, by activity stage.

4.4.1 Aggregate Extraction, Processing and Transportation

Raw Material kg/m3 of GJ/1000 GJ/m3 of
Extraction & mortar X kg = mortar
Processing

Fine Aggregate 785 0.0594 0.04663
Raw Material kg/m3 of GJ/1000 GJ/m3 of
Transportation mortar x kg = mortar

Fine Aggregate 785 0.0354 0.02779
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4.4.2 Cement Production and Transportation

Weighted average energy embodied in atonne of finished cement production by region, by process
stage and energy form, was obtained from the ATHENA™ Cement and Concrete study! (Section
4.4). Inthis study, the appropriate tables are shown in the Concrete Brick energy section, in Tables
4.3.1and 4.3.2.

4.4.3 Cement Mortar Processing (Mixing)

The manufacturing stage simply involves mixing the fine aggregate, cement and water. We have
assumed a 3 cubic foot (0.085 m3) mixer driven by a 3/4 HP dectric motor, with a mix time of 10
minutes.6 The following calculations yield the estimate of total electrical energy use per m3 of
mortar.’

3/4 HP = 560 W

0.560 kWh x 3.6 MJkWh =2.016 MJ
=0.336 MJImix
=3.95 MJIJm3

4.4.4 Cement Mortar - Energy Consumption Summary

Tables 4.4.1 and 4.4.2 show the cement mortar energy requirements by activity stage and by fuel
type, with cement included at the manufacturing stage.

TABLE 4.4.1
ENERGY USE IN CEMENT MORTAR PRODUCTION BY PROCESS STAGE
(GJI/IM3)
PROCESS STAGE
Raw Raw Manufacturing
Material Material
REGION Extraction Transport Cement Processing Sub- TOTAL
Total
West Coast
Vancouver 0.04663 0.02779 1.52239 0.00395 1.52634 1.60076
Prairie
Calgary 0.04663 0.02779 1.51937 0.00395 1.52332 1.59774
Winnipeg 0.04663 0.02779 1.79899 0.00395 1.80294 1.87736
Central
Toronto 0.04663 0.02779 1.43957 0.00395 1.44352 1.51794
East
Montreal 0.04663 0.02779 1.79275 0.00395 1.79670 1.87112
Halifax 0.04663 0.02779 1.79572 0.00395 1.79967 1.87409

Note: The raw material is fine aggregate; extraction includes processing.
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TABLE 4.4.2
ENERGY USE IN CEMENT MORTAR PRODUCTION BY FUEL TYPE
(GJI/IM3)
ENERGY FORM
REGION Diesel Diesel HFO Natural  Coal Qil Coke Waste Electric TOTAL
Road Rail Marine Gas
West Coast
Vancouver 0.1064 0.0002 0.0252 0.7070 0.4492 0.0477 0.0603 0.0000 0.2048 1.6008
Prairie
Calgary 0.1884 0.0579 0.0000 1.1256 0.0000 0.0000 0.0000 0.0000 0.2259 1.5977
Winnipeg 0.0739 0.4520 0.0000 1.1256 0.0000 0.0000 0.0000 0.0000 0.2259 1.8774
Central
Toronto 0.1067 0.0017 0.0147 0.1787 0.6965 0.0249 0.1936 0.0817 0.2194 1.5179
East
Montreal 0.1331 0.0091 0.0024 0.2377 0.5105 0.2603 0.3644 0.1441 0.2094 1.8711
Halifax 0.1340 0.0000 0.0136 0.2377 0.5105 0.2603 0.3644 0.1441 0.2094 1.8741

Note: Totals may not add due to rounding.

The standard cement mortar bed is about 10 mm (3/8") thick. The volume of cement mortar needed
for an application of 1000 bricksin asingle wythe can be easily estimated. For example, for 1000

“A” type (100 x 67 x 200 mm) concrete masonry bricks, assuming 20% mortar waste:

1000 x (100x200 + 100x67) x 10 mm x 1.2/ 109 = 0.3204 m3/1000 of “A” bricks

Similarly mortar needs can be calculated for “B” type (100 X 100 x 200 mm) concrete masonry
bricks, aswell asfor double wythe applications:

TABLE 4.4.3
CEMENT MORTAR USE BY TYPE OF CONCRETE MASONRY BRICK AND
SINGLE / DOUBLE WYTHE APPLICATION [M3/1000 BRICKS]

Brick Mortar Volume

Single wythe Double wythe
“A” brick 0.3204 0.4008
“B” brick 0.3600 0.4800

For sand-lime and clay bricks of the most standard and common sizes, smilar calculations can be

made:
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TABLE 4.4.4
CEMENT MORTAR USE BY TYPE OF SAND-LIME BRICK AND
SINGLE / DOUBLE WYTHE APPLICATION [M3/1000 BRICKS]

Brick Mortar Volume
Single wythe Double wythe
“CB25” brick 0.5031 0.6574
“ES26” brick 0.3802 0.4954
“VB31” brick 0.4229 0.5655
TABLE 4.4.5

CEMENT MORTAR USE BY TYPE OF CLAY BRICK AND
SINGLE / DOUBLE WYTHE APPLICATION [M3/1000 BRICKS]

Brick Mortar Volume
Single wythe Double wythe
Ontario 0.3938 0.4875
Metric Modular 0.3204 0.4008
CSR 0.3840 0.4992
MAX 0.4272 0.5698
Metric Closure 0.3600 0.4800
Metric Jumbo 0.4800 0.6600
Engineer Norman 0.4560 0.6000
Metric Norman 0.4404 0.5610

These volume factors from Tables 4.4.3 to 4.4.5 can be used to estimate the embodied energy in
GJ/1000 concrete masonry, sand-lime or clay bricks by multiplying energy used in the cement
mortar production in G¥m3 from Tables 4.4.1 and 4.4.2 above. (It should be noted that sand-lime
and clay brick is seldom built as a double wythe wall in Canada. If a solid masonry wadl is to be
built, then the back-up would be most probably concrete block.)
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5.0 ATMOSPHERIC EMISSIONS

This section addresses atmospheric emissions associated with the production of clay, sand-lime and
concrete bricks, aswell as for the cement mortar, in al their processing stages, from the extraction
and transportation of raw materials through manufacturing.

Like any energy-burning production process, brick masonry production, regardless of the type or
method of production of its constituent raw materids, generates common air pollutants including
carbon dioxide (COy), sulfur oxides (SOx ) — primarily sulfur dioxide (SO, ) — nitrogen oxides
(NOy ), valatile organic compounds (VOC ), methane (CHy), and carbon monoxide (CO) as well as
total particulate matter (TPM). These energy-related emissions are termed “fuel emissions”.

A specific issue concerning the clay brick industry is the fact that during the clay brick firing,
because of the presence of dight amounts of fluorine (0.01 to 0.1%)11 and chlorine impurities in
clay, hydrogen fluoride and hydrochloric acid gases are released and emitted into the atmosphere
with the waste gases. This phenomenais discussed in more detail in Section 5.2.

On the other hand, the specific characteristics of cements, the basic raw materials of concrete
masonry bricks and of cement mortar, and the nature of high temperature cement manufacturing,
result in additional process emission. There is a significant “calcination CO," release due to the
decomposition of limestone in the manufacturing of cement, as well as “thermal” and “ prompt”
NOy, usualy outweighing the “fuel” NOy. These aspects were discussed in detail in the
ATHENA™ cement and concrete study.l Similarly lime production, used in manufacturing of
calcium dlicate bricks, releases additiona calcination CO2 and therma NOy, as discussed in
Section 5.3.

Asin the energy section of the report, all results are presented in terms of weighted averages.

5.1 APPROACH

For the concrete masonry units, lime-silica bricks and cement mortar, with the exception of those
related to eectricity, energy-related atmospheric emission estimates were developed using the
energy estimates by process stage from Section 4 and energy emission factors as given in the
Research Guidelines. Where some vaues were missing in the Research Guidelines, the origina
sources were consulted.2 Energy emission factors used throughout this work are summarized in
Table5.1.1.

For the clay brick, we departed from the above approach, as a fairly comprehensive set of actud,
measured emissions was recently compiled from a number of trials and tests a a variety of
brickworks in the USA by Midwest Research Ingtitute® for the U.S. EPA in anticipation of
bringing the relevant section of AP-42 on “Brick and Structural Clay Manufacturing”10 up-to-
date. Asthe clay brick processing in Canada and the U.S.A. is essentidly the same (stiff mud
extrusion forming and tunnel kiln firing), and because we could use actua data as opposed to
calculated estimates, we felt that this method provides better, more accurate information.
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Emissions related to the generation and use of eectricity in the production of any and al of the
brick products are not included in the tables that follow in this section. These emissions are
calculated separately within the ATHENA™ Modé for al of the products under consideration. The
estimates of electricity usein brick and mortar production presented in this report will be trandated
inthe mode into the mix of primary energy forms used to generate the electricity for the relevant
regional electrical systems. Corresponding atmospheric emissions will then be added to the other
emissions estimated in this study.

TABLE 5.1.1
ENERGY EMISSION FACTORS (KG/GJ)

CO2 SO2 NOx vVOC CHg coO

Natural gas 49.700 0.0002 0.0590 0.00120 0.00130 0.01500
Diesel road 70.700 0.1020 0.8070 0.08690 0.02170 0.44300
Diesel rail 70.700 0.1020 1.4000 0.07000 0.00780 0.05700
H.F. oil marine 74.000 0.4500 0.2000 0.36000 0.04000 0.00740
H.F. oil industr. 74.000 0.8375 0.1600 0.00290 0.00082 0.01440
L.F.olil 73.100 0.1228 0.0620 0.00060 0.00016 0.01550
Coal - W. Coast 94.300 0.4400 0.2500 0.00150 0.00054 0.09300
Coal - Prairie 94.300 0.4400 0.2500 0.00150 0.00054 0.09300
Coal - Central 87.600 0.8360 0.2500 0.00150 0.00054 0.09300
Coal - East 85.333 1.7278 0.2500 0.00150 0.00054 0.09300
Coke 86.000 1.1500 0.2400 0.00140 0.00051 0.08800
Waste 67.500 - 0.1200 0.00120 0.00110 -
Electricity - - - -

5.2 Clay Brick

Apart from the usual emissions found in most of the manufacturing processes (CO», SOy, NOy,
VOC, CHg4, CO and particulates), the clay brick manufacturing process aso releases smal amounts
of fluorides, which are considered to be harmful pollutants. Factors that may affect emissions
include raw material composition and moisture content, kiln fuel type, kiln operating parameters,
and plant design.®

The primary sources of PM emissions are the raw materials winning (extraction), grinding and
screening, and the kiln operation. Other sources of PM emissions include sawdust dryers used by
plants with sawdust-fired kilns, and coa crushing systems used by plants with coal-fired kilns.
Both of these latter types are used in the U.S.A., but not in Canada.

Combustion by-products are emitted from kiln fuel combustion. Facilities using fuels with higher
sulfur content, such as the east coast plants that use light fuel oil as its principal fuel instead of
natural gas, have higher SO, emissions. Brick dryers heated with waste heat from the cooling
section of the kiln are not usually a source of combustion products, unless supplementary sources
of heat are used, because kilns are designed to prevent the kiln gases from entering the cooling
section of thekiln.



The Athena™ Project:
Life Cycle Analysis of Brick and Mortar Products 5-3

Organic compounds, including methane and VOCs, are emitted from both brick dryers and kilns.
Such emissions from brick dryers are primarily aresult of volatilization of the lubricating oil thet is
typically applied to the formed materia during extrusion. It may aso result from volatilization of
organic matter in the raw materia. Further organic emissions from the raw materials and from the
kiln fuel are released during kiln firing.®

Hydrogen fluoride and other fluoride compounds are emitted from the kilns as a result of the
release of the fluorine impurities contained in the raw materials. Fluorine is present in clays and
shalesintherange of 0.01 to 0.1%. As the green bricks reach temperatures of 500 to 600°C, the
fluorine in the raw materias forms hydrogen fluoride (HF) and other fluorine compounds. Much
of the fluorine is released as HF. Because fluorine content in clays and shales is highly variable,
emissions of HF and other fluoride compounds vary considerably depending on the raw materias
used.9

Fluorine pollution can be harmful to vegetation. The extent of the hazards depends on the F
concentration of the waste gases, but also on other factors, such as the plant species, their hedth, the
water economy of the soil, the depth of the plant roots, the direction of the wind and inclement
weather conditions. The critical threshold for animas and human beings is wel over the
concentrations occurring in the environment of brick plants.!l The clay brick industry has
recognized the environmenta concerns regarding the HF pollution, and is addressing these.11.12
Changesin firing, additivesto the clay, or ultimately flue gas cleaning are dl considered as possible
solutions. Control efficiencies of 95% or higher have been reported a one plant using dry
scrubbers with limestone as a sorption medium to control HF emissions.10

5.2.1 Clay Winning (Extraction) and Transportation

Table 5.2.1 summarizes atmospheric emissions due to winning clay and shales in the open pits and
their transportation to the manufacturing plants . They were obtained by multiplying the energy
associated with the extraction and transportation of the raw materials from Table 4.1.1 by
appropriate energy emission factors for diesel road fuel from Table 5.1.1. For example, CO>
emissions for the raw material extraction was arrived at by multiplying the extraction energy content
of 0.0503 GJ'tonne of the finished product by the 70.7 kg/GJ emission factor to obtain 3.556 kg
CO> emissions per tonne of finished brick.

For the particul ate emissions associated with mining and rock quarrying in an open pit, an emission
factor of 0.51 kg/tonne is normally used,3 however, as the quarried clay contains usualy between
12 and 18% moisture, the resulting dusting due to its mining is substantially suppressed. It has
been estimated that wetting of the rock, gravel or sand reduces particulate emissions by 70 to
95%.13 For the purpose of this study, we selected an 80% wet suppression. The particulate matter
emissions (PM) were then estimated as 1.14 tonnes of clay (required to produce 1 tonne of finished
brick) multiplied by a0.51 kg/tonne emission factor multiplied by a 0.2 wet suppression factor.
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TABLE 5.2.1
ATMOSPHERIC EMISSIONS DUE TO EXTRACTION AND TRANSPORTATION
OF RAW MATERIALS

raw materials raw materials
extraction transport
CO, kg/tonne 3.556 1.753
SO, g/tonne 5.131 2.530
NO, g/tonne 40.592 20.014
CHy4 g/tonne 1.092 0.538
vVOoC g/tonne 4.371 2.155
CcoO g/tonne 22.283 10.986
PM g/tonne 116.280 -

5.2.2 Processing

It has been noted in the introduction to this section that in devel oping the atmospheric emissions for
the clay brick manufacturing we utilized the compilation of measured emissions from a recent MRI
report? prepared for the U.S. EPA, provided to us by the courtesy of the Brick Institute of America.

MRI developed emission factorsfor brick manufacturing operations (grinding rooms, brick dryers
and natura gas-, cod-, and sawdust-fired kilns) using data from 22 test reports and 1 summary
report. The MRI data, and additional information from the 1986 AP-42 section’0 were reviewed for
validity of test methodologies used. The specific data sets are discussed in detaill and summarized
in the MRI report. We have selected the appropriate emission factors for the operations using
natura gas-fired kilns, as those represent 90 — 95% of the Canadian facilities.

The MRI report differentiates between various categories of particulate matter, between PM and
respirable PM-10, aswell as between filterable and condensible inorganic and organic PM. For a
completeness we show all the respective fractions, aswell asthe total PM and PM-10. Asfar as the
organic emissions are concerned, MRI reports total organic compounds (TOCs) emissions (as
propane) and separately methane/ethane emissions. The VOCs are obtained as a difference
between TOCs and CH4 emissions.

The factors for arsenic, antimony, beryllium, cadmium, chromium, cobalt, lead, mercury, manganese,
nickel, phosphorus, and selenium emissions as wel as for speciated volatile and semivoldtile
compounds from brick kilns were also developed in the MRI study. They are too small to be
significant, and we are not showing them in our report.
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TABLE 5.2.2
PROCESSING ATMOSPHERIC EMISSIONS — CLAY BRICK
(NATURAL GAS-FIRED KILN) BY PROCESS STEP

grinding kiln dryer in-plant subtotal

room fuel use processing
CO, kg/tonne 225.000 1.944 226.944
SO, g/tonne 250.000 2.805 252.805
NOy g/tonne 205.000 22.193 227.193
TOC g/tonne 35.000 42.500 77.500
CHy4 g/tonne 20.500 14.000 0.597 35.097
VOC g/tonne 14.500 28.500 2.390 45.390
Cco g/tonne 700.000 12.183 712.183
Filterable PM g/tonne 14.250 140.000 154.250
Filterable PM-10 g/tonne 1.311 105.000 106.311
Condensible Inorganic PM g/tonne 265.000 265.000
Condensible Organic PM g/tonne 55.000 55.000
total PM g/tonne 14.250 460.000 474.250
total PM-10 g/tonne 1.311  425.000 426.311
HF g/tonne 190.000 190.000
HCI g/tonne 105.000 105.000

Interestingly, the MRI study addresses only natural gas-, coa-, and sawdust-fired kilns. While this
also covers the overwhelming magjority of Canadian operations, no numbers are presented for oil-
fired kiln used in Atlantic Canada. (According to BIA14, in 1994 oil was the primary fudl in only
7.8% of the U.S. operations. For Canada, this number is, probably, even lower.) To estimate the
emissions from the oil-fired kilns, we have multiplied the natural gas-fired kiln processing
emissions from Table 5.2.2 by the ratio of light oil emission factors / natural gas emission factors
from Table 5.1.1. The magjor difference between the oil-and natural gas-fired kilns is in the SO»
emissions. While for the gas-fired kilns these are measured in g/tonne, for the oil-fired ones they
are shown in kg/tonne.
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TABLE 5.2.3
PROCESSING ATMOSPHERIC EMISSIONS — CLAY BRICK
(LIGHT OIL-FIRED KILN) BY PROCESS STEP

grinding kiln dryer in-plant subtotal

room fuel use processing
CO, kg/tonne 330.936 1.944 332.880
SO, kg/tonne 153.502 0.003 153.505
NOy g/tonne 215.424 22.193 237.616
TOC g/tonne 35.000 42.500 77.500
CHy4 g/tonne 2.523 14.000 0.597 17.120
voc g/tonne 7.250 28.500 2.390 38.140
CcoO g/tonne 723.333 12.183 735.516
Filterable PM g/tonne 14.250  140.000 154.250
Filterable PM-10 g/tonne 1.311  105.000 106.311
Condensible Inorganic PM g/tonne 265.000 265.000
Condensible Organic PM g/tonne 55.000 55.000
total PM g/tonne 14.250  460.000 474.250
total PM-10 g/tonne 1.311  425.000 426.311
HF g/tonne 190.000 190.000
HCI g/tonne 105.000 105.000

5.2.3 Summary of Atmospheric Emissions for Clay Brick

The emissions developed for clay brick raw materials extraction, their transportation to the
brickworks, and processing into the finished product, are summarized in Tables 5.2.4 and 5.2.5.
Results are shown per tonne of finished ware. In Table 5.2.6 the clay brick emissions are expresed
in kilograms or grams (as appropriate) per m3 of finished bricks.

Since the masonry trade is often dealing in units of 1000 bricks, in Tables 5.2.7 — 5.2.14 the
atmospheric emissions associated with the production of clay bricks are shown per 1000 units of
eight popular Canadian bricks, asshown in Table 4.1.2.



The Athena™ Project:

Life Cycle Analysis of Brick and Mortar Products 5-7
TABLE 5.2.4
PROCESSING EMISSIONS BY PROCESS STEP (NATURAL GAS-FIRED KILN)
raw raw subtotal TOTAL
materials materials processing
extraction transport
CO, kg/tonne 3.556 1.753 226.944 232.254
SO, g/tonne 5.131 2.530 252.805 260.465
NOy g/tonne 40.592 20.014 227.193 287.798
TOC g/tonne 77.500 77.500
CHy4 g/tonne 1.092 0.538 35.097 36.726
VOC g/tonne 4.371 2.155 45.390 51.916
CcoO g/tonne 22.283 10.986 712.183 745.452
Filterable PM g/tonne 154.250 154.250
Filterable PM-10 g/tonne 106.311 106.311
Condensible Inorganic PM g/tonne 265.000 265.000
Condensible Organic PM g/tonne 55.000 55.000
total PM g/tonne 116.280 474.250 590.530
total PM-10 g/tonne 426.311 426.311
HF g/tonne 190.000 190.000
HCI g/tonne 105.000 105.000
TABLE 5.2.5
PROCESSING EMISSIONS BY PROCESS STEP (LIGHT OIL-FIRED KILN)
raw raw subtotal TOTAL
materials materials processing
extraction transport
CO, kg/tonne 3.556 1.753 332.880 338.189
SO, kg/tonne 0.005 0.003 153.505 153.513
NOy g/tonne 40.592 20.014 237.616 298.222
TOC g/tonne 77.500 77.500
CHy4 g/tonne 1.092 0.538 17.120 18.749
vVocC g/tonne 4.371 2.155 38.140 44.666
CO g/tonne 22.283 10.986 735.516 768.785
Filterable PM g/tonne 154.250 154.250
Filterable PM-10 g/tonne 106.311 106.311
Condensible Inorganic PM g/tonne 265.000 265.000
Condensible Organic PM g/tonne 55.000 55.000
total PM g/tonne 116.280 474.250 590.530
total PM-10 g/tonne 426.311 426.311
HF g/tonne 190.000 190.000
HCI g/tonne 105.000 105.000
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TABLE 5.2.6
CLAY BRICK ATMOSPHERIC EMISSIONS BY PROCESS STEP [PER M3]
extraction transport processing TOTAL
Natural Gas-Fired Kiln
CO, kg/m3 5.107 2.518 325.892 333.516
SO, g/m3 7.368 3.633 363.028 374.028
NOy g/m3 58.290 28.740 326.248 413.278
TOC g/m3 0.000 0.000 111.290 111.290
CH, g/m3 1.567 0.773 50.399 52.739
vVOC g/m3 6.277 3.095 65.180 74.551
CO g/m3 31.998 15.776 1022.694 1070.469
Filterable PM g/m3 0.000 0.000 221.503 221.503
Filterable PM-10 g/m3 0.000 0.000 152.663 152.663
Condensible Inorganic PM g/m3 0.000 0.000 380.540 380.540
Condensible Organic PM g/m3 0.000 0.000 78.980 78.980
total PM g/m3 166.978 0.000 681.023 848.001
total PM-10 g/m3 0.000 0.000 612.183 612.183
HF g/m3 0.000 0.000 272.840 272.840
HCI g/m3 0.000 0.000 150.780 150.780
Light Oil-Fired Kiln
CO, kg/m3 5.107 2.518 478.015 485.640
SO, kg/m3 0.007 0.004 220.433 220.445
NOy g/m3 58.290 28.740 341.217 428.247
TOC g/m3 0.000 0.000 111.290 111.290
CHy g/m3 1.567 0.773 24.584 26.924
vVOC g/m3 6.277 3.095 54.769 64.140
co g/m3 31.998 15.776 1056.201 1103.975
Filterable PM g/m3 0.000 0.000 221.503 221.503
Filterable PM-10 g/m3 0.000 0.000 152.663 152.663
Condensible Inorganic PM g/m3 0.000 0.000 380.540 380.540
Condensible Organic PM g/m3 0.000 0.000 78.980 78.980
total PM g/m3 166.978 0.000 681.023 848.001
total PM-10 g/m3 0.000 0.000 612.183 612.183
HF g/m3 0.000 0.000 272.840 272.840
HCI g/m3 0.000 0.000 150.780 150.780
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TABLE 5.2.7
CLAY BRICK ATMOSPHERIC EMISSIONSBY PROCESS STEP
PER 1000 ONTARIO BRICKS
extraction transport processing TOTAL
Natural Gas-Fired Kiln
CO, kg 6.657 3.282 424.820 434.759
SO, g 9.604 4.735 473.229 487.568
NOy g 75.985 37.464 425.284 538.733
TOC g 0.000 0.000 145.073 145.073
CHy g 2.043 1.007 65.698 68.749
vVOoC g 8.182 4.034 84.966 97.182
co g 41.712 20.566 1333.143 1395.420
Filterable PM g 0.000 0.000 288.742 288.742
Filterable PM-10 g 0.000 0.000 199.005 199.005
Condensible Inorganic PM g 0.000 0.000 496.057 496.057
Condensible Organic PM g 0.000 0.000 102.955 102.955
total PM g 217.666 0.000 887.754 1105.420
total PM-10 g 0.000 0.000 798.017 798.017
HF g 0.000 0.000 355.663 355.663
HCI g 0.000 0.000 196.551 196.551
Light Oil-Fired Kiln
CO, kg 6.657 3.282 623.122 633.061
SO, kg 0.009 0.006 287.348 287.363
NOy g 75.985 37.464 444,797 558.245
TOC g 0.000 0.000 145.073 145.073
CHy g 2.043 1.007 32.047 35.097
vVOC g 8.182 4.034 71.394 83.611
CO g 41.712 20.566 1376.821 1439.098
Filterable PM g 0.000 0.000 288.742 288.742
Filterable PM-10 g 0.000 0.000 199.005 199.005
Condensible Inorganic PM g 0.000 0.000 496.057 496.057
Condensible Organic PM g 0.000 0.000 102.955 102.955
total PM g 217.666 0.000 887.754 1105.420
total PM-10 g 0.000 0.000 798.017 798.017
HF g 0.000 0.000 355.663 355.663
HCI g 0.000 0.000 196.551 196.551
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TABLE 5.2.8
CLAY BRICK ATMOSPHERIC EMISSIONSBY PROCESS STEP
PER 1000 METRIC MODULAR BRICKS
extraction transport processing TOTAL
Natural Gas-Fired Kiln
CO, kg 4.978 2.454 317.647 325.079
SO, g 7.181 3.541 353.843 364.565
NOy g 56.816 28.012 317.994 402.822
TOC g 0.000 0.000 108.474 108.474
CHy g 1.528 0.753 49.124 51.405
vVOoC g 6.118 3.016 63.531 72.665
co g 31.189 15.377 996.820 1043.386
Filterable PM g 0.000 0.000 215.899 215.899
Filterable PM-10 g 0.000 0.000 148.800 148.800
Condensible Inorganic PM g 0.000 0.000 370.912 370.912
Condensible Organic PM g 0.000 0.000 76.982 76.982
total PM g 162.754 0.000 663.793 826.547
total PM-10 g 0.000 0.000 596.694 596.694
HF g 0.000 0.000 265.937 265.937
HCI g 0.000 0.000 146.965 146.965
Light Oil-Fired Kiln
CO, kg 4.978 2.454 465.922 473.353
SO, kg 0.007 0.004 214.856 214.867
NOy g 56.816 28.012 332.584 417.412
TOC g 0.000 0.000 108.474 108.474
CHy4 g 1.528 0.753 23.962 26.243
vVOC g 6.118 3.016 53.383 62.518
CO g 31.189 15.377 1029.479 1076.045
Filterable PM g 0.000 0.000 215.899 215.899
Filterable PM-10 g 0.000 0.000 148.800 148.800
Condensible Inorganic PM g 0.000 0.000 370.912 370.912
Condensible Organic PM g 0.000 0.000 76.982 76.982
total PM g 162.754 0.000 663.793 826.547
total PM-10 g 0.000 0.000 596.694 596.694
HF g 0.000 0.000 265.937 265.937
HCI g 0.000 0.000 146.965 146.965
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TABLE 5.2.9
CLAY BRICK ATMOSPHERIC EMISSIONSBY PROCESS STEP
PER 1000 CSR BRICKS
extraction transport processing TOTAL
Natural Gas-Fired Kiln
CO, kg 7.400 3.648 472.217 483.265
SO, g 10.676 5.264 526.028 541.967
NO, g 84.463 41.644 472.734 598.840
TOC g 0.000 0.000 161.259 161.259
CHy4 g 2.271 1.120 73.028 76.419
vVOoC g 9.095 4.484 94.445 108.025
co g 46.365 22.860 1481.884 1551.109
Filterable PM g 0.000 0.000 320.958 320.958
Filterable PM-10 g 0.000 0.000 221.208 221.208
Condensible Inorganic PM g 0.000 0.000 551.402 551.402
Condensible Organic PM g 0.000 0.000 114.442 114.442
total PM g 241.951 0.000 986.802 1228.754
total PM-10 g 0.000 0.000 887.053 887.053
HF g 0.000 0.000 395.345 395.345
HCI g 0.000 0.000 218.480 218.480
Light Oil-Fired Kiln
CO, kg 7.400 3.648 692.644 703.692
SO, kg 0.010 0.006 319.408 319.424
NO, g 84.463 41.644 494.423 620.529
TOC g 0.000 0.000 161.259 161.259
CHy g 2.271 1.120 35.622 39.013
VOC g 9.095 4.484 79.360 92.939
Cco g 46.365 22.860 1530.435 1599.660
Filterable PM g 0.000 0.000 320.958 320.958
Filterable PM-10 g 0.000 0.000 221.208 221.208
Condensible Inorganic PM g 0.000 0.000 551.402 551.402
Condensible Organic PM g 0.000 0.000 114.442 114.442
total PM g 241.951 0.000 986.802 1228.754
total PM-10 g 0.000 0.000 887.053 887.053
HF g 0.000 0.000 395.345 395.345
HCI g 0.000 0.000 218.480 218.480
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TABLE 5.2.10
CLAY BRICK ATMOSPHERIC EMISSIONSBY PROCESS STEP
PER 1000 MAX BRICKS
extraction transport processing TOTAL
Natural Gas-Fired Kiln
CO, kg 9.331 4.601 595.493 609.425
SO, g 13.462 6.638 663.350 683.450
NOy g 106.512 52.515 596.144 755.171
TOC g 0.000 0.000 203.357 203.357
CHy g 2.864 1.412 92.092 96.369
vVOoC g 11.470 5.655 119.101 136.225
CcoO g 58.469 28.828 1868.738 1956.035
Filterable PM g 0.000 0.000 404.746 404.746
Filterable PM-10 g 0.000 0.000 278.956 278.956
Condensible Inorganic PM g 0.000 0.000 695.349 695.349
Condensible Organic PM g 0.000 0.000 144.318 144.318
total PM g 305.114 0.000 1244.413 1549.527
total PM-10 g 0.000 0.000 1118.623 1118.623
HF g 0.000 0.000 498.552 498.552
HCI g 0.000 0.000 275.516 275.516
Light Oil-Fired Kiln
CO, kg 9.331 4.601 873.463 887.395
SO, kg 0.013 0.008 402.791 402.812
NOy g 106.512 52.515 623.495 782.522
TOC g 0.000 0.000 203.357 203.357
CHy g 2.864 1.412 44.922 49.198
vVOC g 11.470 5.655 100.077 117.202
CO g 58.469 28.828 1929.964 2017.261
Filterable PM g 0.000 0.000 404.746 404.746
Filterable PM-10 g 0.000 0.000 278.956 278.956
Condensible Inorganic PM g 0.000 0.000 695.349 695.349
Condensible Organic PM g 0.000 0.000 144.318 144.318
total PM g 305.114 0.000 1244.413 1549.527
total PM-10 g 0.000 0.000 1118.623 1118.623
HF g 0.000 0.000 498.552 498.552
HCI g 0.000 0.000 275.516 275.516
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TABLE 5.2.11
CLAY BRICK ATMOSPHERIC EMISSIONSBY PROCESS STEP
PER 1000 METRIC CLOSURE BRICKS
extraction transport processing TOTAL
Natural Gas-Fired Kiln
CO, kg 7.859 3.875 501.548 513.282
SO, g 11.339 5.590 558.700 575.629
NOy g 89.709 44.230 502.096 636.035
TOC g 0.000 0.000 171.275 171.275
CHy g 2.412 1.189 77.564 81.166
vVOoC g 9.660 4.763 100.312 114.734
CcoO g 49.245 24.280 1573.926 1647.451
Filterable PM g 0.000 0.000 340.893 340.893
Filterable PM-10 g 0.000 0.000 234.948 234.948
Condensible Inorganic PM g 0.000 0.000 585.651 585.651
Condensible Organic PM g 0.000 0.000 121.550 121.550
total PM g 256.979 0.000 1048.094 1305.074
total PM-10 g 0.000 0.000 942.149 942.149
HF g 0.000 0.000 419.901 419.901
HCI g 0.000 0.000 232.050 232.050
Light Oil-Fired Kiln
CO, kg 7.859 3.875 735.666 747.400
SO, kg 0.011 0.007 339.247 339.264
NOy g 89.709 44.230 525.133 659.072
TOC g 0.000 0.000 171.275 171.275
CHy g 2.412 1.189 37.835 41.436
vVOC g 9.660 4,763 84.289 98.712
CO g 49.245 24.280 1625.493 1699.018
Filterable PM g 0.000 0.000 340.893 340.893
Filterable PM-10 g 0.000 0.000 234.948 234.948
Condensible Inorganic PM g 0.000 0.000 585.651 585.651
Condensible Organic PM g 0.000 0.000 121.550 121.550
total PM g 256.979 0.000 1048.094 1305.074
total PM-10 g 0.000 0.000 942.149 942.149
HF g 0.000 0.000 419.901 419.901
HCI g 0.000 0.000 232.050 232.050
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TABLE 5.2.12
CLAY BRICK ATMOSPHERIC EMISSIONSBY PROCESS STEP
PER 1000 METRIC JUMBO BRICKS
extraction transport processing TOTAL
Natural Gas-Fired Kiln
CO, kg 11.996 5.914 765.520 783.430
SO, g 17.306 8.533 852.753 878.592
NOy g 136.924 67.509 766.358 970.791
TOC g 0.000 0.000 261.420 261.420
CHy g 3.682 1.815 118.387 123.884
vVOoC g 14.744 7.270 153.107 175.121
co g 75.164 37.059 2402.308 2514.531
Filterable PM g 0.000 0.000 520.311 520.311
Filterable PM-10 g 0.000 0.000 358.604 358.604
Condensible Inorganic PM g 0.000 0.000 893.888 893.888
Condensible Organic PM g 0.000 0.000 185.524 185.524
total PM g 392.232 0.000 1599.723 1991.955
total PM-10 g 0.000 0.000 1438.017 1438.017
HF g 0.000 0.000 640.901 640.901
HCI g 0.000 0.000 354.182 354.182
Light Oil-Fired Kiln
CO, kg 11.996 5.914 1122.858 1140.768
SO, kg 0.017 0.010 517.798 517.825
NOy g 136.924 67.509 801.519 1005.951
TOC g 0.000 0.000 261.420 261.420
CHy4 g 3.682 1.815 57.748 63.245
vVOC g 14.744 7.270 128.652 150.666
CO g 75.164 37.059 2481.016 2593.238
Filterable PM g 0.000 0.000 520.311 520.311
Filterable PM-10 g 0.000 0.000 358.604 358.604
Condensible Inorganic PM g 0.000 0.000 893.888 893.888
Condensible Organic PM g 0.000 0.000 185.524 185.524
total PM g 392.232 0.000 1599.723 1991.955
total PM-10 g 0.000 0.000 1438.017 1438.017
HF g 0.000 0.000 640.901 640.901
HCI g 0.000 0.000 354.182 354.182
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TABLE 5.2.13
CLAY BRICK ATMOSPHERIC EMISSIONSBY PROCESS STEP
PER 1000 ENGINEER NORMAN BRICKS
extraction transport processing TOTAL
Natural Gas-Fired Kiln
CO, kg 9.330 4.600 595.405 609.335
SO, g 13.460 6.637 663.252 683.349
NOy g 106.496 52.507 596.056 755.059
TOC g 0.000 0.000 203.327 203.327
CHy g 2.864 1.412 92.079 96.354
vVOoC g 11.468 5.654 119.083 136.205
co g 58.461 28.824 1868.462 1955.746
Filterable PM g 0.000 0.000 404.686 404.686
Filterable PM-10 g 0.000 0.000 278.915 278.915
Condensible Inorganic PM g 0.000 0.000 695.247 695.247
Condensible Organic PM g 0.000 0.000 144.296 144.296
total PM g 305.069 0.000 1244.229 1549.298
total PM-10 g 0.000 0.000 1118.458 1118.458
HF g 0.000 0.000 498.479 498.479
HCI g 0.000 0.000 275.475 275.475
Light Oil-Fired Kiln
CO, kg 9.330 4.600 873.334 887.264
SO, kg 0.013 0.008 402.731 402.752
NOy g 106.496 52.507 623.403 782.407
TOC g 0.000 0.000 203.327 203.327
CHy g 2.864 1.412 44.915 49.191
vVOC g 11.468 5.654 100.062 117.184
CO g 58.461 28.824 1929.679 2016.963
Filterable PM g 0.000 0.000 404.686 404.686
Filterable PM-10 g 0.000 0.000 278.915 278.915
Condensible Inorganic PM g 0.000 0.000 695.247 695.247
Condensible Organic PM g 0.000 0.000 144.296 144.296
total PM g 305.069 0.000 1244.229 1549.298
total PM-10 g 0.000 0.000 1118.458 1118.458
HF g 0.000 0.000 498.479 498.479
HCI g 0.000 0.000 275.475 275.475
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TABLE 5.2.14
CLAY BRICK ATMOSPHERIC EMISSIONSBY PROCESS STEP
PER 1000 METRIC NORMAN BRICKS
extraction transport processing TOTAL
Natural Gas-Fired Kiln
co, kg 7.597 3.746 484.829 496.172
SO, g 10.961 5.404 540.077 556.441
NOy g 86.718 42.756 485.360 614.834
TOC g 0.000 0.000 165.566 165.566
CHy g 2.332 1.150 74.978 78.460
vVOoC g 9.338 4.604 96.968 110.910
co g 47.604 23.471 1521.462 1592.536
Filterable PM g 0.000 0.000 329.530 329.530
Filterable PM-10 g 0.000 0.000 227.116 227.116
Condensible Inorganic PM g 0.000 0.000 566.129 566.129
Condensible Organic PM g 0.000 0.000 117.499 117.499
total PM g 248.413 0.000 1013.158 1261.571
total PM-10 g 0.000 0.000 910.744 910.744
HF g 0.000 0.000 405.904 405.904
HCI g 0.000 0.000 224.315 224.315
Light Oil-Fired Kiln
CO, kg 7.597 3.746 711.144 722.487
SO, kg 0.011 0.006 327.938 327.956
NOy g 86.718 42.756 507.628 637.103
TOC g 0.000 0.000 165.566 165.566
CHy g 2.332 1.150 36.574 40.055
vVOC g 9.338 4.604 81.479 95.422
CO g 47.604 23.471 1571.310 1642.384
Filterable PM g 0.000 0.000 329.530 329.530
Filterable PM-10 g 0.000 0.000 227.116 227.116
Condensible Inorganic PM g 0.000 0.000 566.129 566.129
Condensible Organic PM g 0.000 0.000 117.499 117.499
total PM g 248.413 0.000 1013.158 1261.571
total PM-10 g 0.000 0.000 910.744 910.744
HF g 0.000 0.000 405.904 405.904
HCI g 0.000 0.000 224.315 224.315
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5.3 Calcium Silicate Brick
5.3.1 Fuel Emissions

Emissions dueto fossil fuel use in various processing steps of the sand-lime brick manufacturing
production were estimated by applying energy emissions factors from Table 5.1 to average energy
estimates developed in Section 4.2, and summarized there in Tables 4.2.5 through 4.2.7 by its
constituents, by raw materials and process stage, and by energy form.

5.3.2 Calcination COp and Thermal NOy Emissions

In addition to the above fuel emissions, calcination CO2 and thermal NOy emissions due to the lime
pyro-processing were taken into account:

 From the stoichiometry of limestone decomposition, it is given that 0.785 tonnes of CO»
is generated per tonne of lime (CaO) produced (44.00995 g per mole of CO2 / 56.0794 g
per mole of CaO =0.785 g of CO,/ 1 g of Ca0).

» Thereisan insufficient amount of reliable Canadian data concerning NOy emissions from
limekilnsavailable. The figurethat we usein thisreport we derived by averaging the
limited data from the confidentia survey of the Canadian lime producers conducted for
Environment Canada/ CCME Lime Kiln NOy Control study®, EPA AP-42 datab and

trade literature information.” This gives an average total of NOy emissions of 1.20666
kg/tonne of lime produced. Multiplying thisfigure by 0.06 tonnes of lime required to
produce atonne of sand-lime bricks (from Table 3.1), an estimate of total NOy emissions
of 0.0724 kg per tonne of bricks was developed.

Fuel NOy was estimated using the fuel emission factors as discussed above (0.3882
GJitonne [from Table 4.2.6] multiplied by a natural gas emission factor of 0.059 kg
NOy/GJ = 0.0229 kg of fuel NOx/tonne of bricks). The thermal (process) NOy was then
calculated as the difference between the total and fuel NOy. (Total NOy 0.0724/tonne of
bricks - fuel NOy 0.0229/tonne of bricks = thermal NOy 0.0495 kg/tonne of bricks.)

5.3.3 Particulate Emissions

Particulate emissions associated with the calcium slicate brick production come mainly from three
sources. from raw materials extraction, from raw materials processing (primarily in kiln calcination
of limestoneto lime) and from brick processing itself.

a) For the raw materials extraction, the Nationwide Inventory3 gives TPM (total particulate
matter) emissions associated with quarrying of rock (limestone) in open pit mining as
0.51 kg/tonne. For the sand quarrying and processing, the same source provides TPM
emissions of 0.05 kg/tonne.

b) TPM emissions due to the limestone processing are given by the sum of particulate
emissions generated by limestone crushing, its processing in the natural gas-fired rotary

kiln, and in its conveying and transfer. We used US EPAGS factors to develop the
limestone processing TPM estimate of 1.1943 kg per tonne of lime produced.
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¢) Inthe absence of any information regarding the particulate emissions due to sand-lime
brick processing, considering the similarity between concrete brick and sand lime brick

forming and curing processes, we assume the same TPM of 0.12 kg/m3 (i.e. 0.0581
kg/tonne) for the sand-lime brick as for concrete batching.3

5.3.4 Emission Estimates for Sand-Lime Brick

Using the above noted numbers and underlying assumptions, estimates of air emissions associated
with the calcium silicate brick production were calculated and are summarized in Tables 5.3.1 to
5.3.3 by energy form used, by process step and, in more detail, by raw materials used and process
step. All are expressed in kilogram of emissions per tonne of brick produced.

TABLE 5.3.1
ATMOSPHERIC EMISSIONS DUE TO SAND-LIME BRICK PRODUCTION
BY ENERGY FORM USED (KG/TONNE OF BRICK)

CO, SO, NO, vVOC CHy4 Cco TPM

fuel generated

natural gas 42.80164 0.00017 0.05081 0.00103 0.00112 0.01292

diesel road 13.98105 0.02017 0.15959 0.01718 0.00429 0.08760

electricity 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
process 47.10000 0.04950 0.20740
generated
Total 103.88269 0.02034 0.25989 0.01822 0.00541 0.10052 0.20740

TABLE 5.3.2

ATMOSPHERIC EMISSIONS DUE TO SAND-LIME BRICK PRODUCTION
BY PROCESS STEP (KG/TONNE OF BRICK)

co, SO, NO, voC CHy Cco TPM
RM extraction 1.99881 0.00288 0.02282 0.00246 0.00061 0.01252 0.07760
RM processing 19.29354 0.00008  0.02290 0.00047  0.00050 0.00582  0.07166
calcination generated  47.10000 0.04950

RM processing subttl 66.39354 0.00008  0.07240 0.00047 0.00050 0.00582 0.07166
RM transport 3.00334 0.00433 0.03428 0.00369 0.00092 0.01882

brick processing 32.48700 0.01305 0.13040 0.01160 0.00337 0.06336 0.05814
Total 103.88269 0.02034 0.25989 0.01822 0.00541 0.10052 0.20740




The Athena™ Project:
Life Cycle Analysis of Brick and Mortar Products 5-19

TABLE 5.3.3
ATMOSPHERIC EMISSIONS DUE TO SAND-LIME BRICK PRODUCTION BY
PROCESS STEP & RAW MATERIALS (KG/TONNE OF BRICK)

CO, SO, NOy vVOC CHy Cco TPM

limestone extraction 0.20444 0.00029 0.00233 0.00025 0.00006 0.00128 0.03060
limestone transport 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

lime processing  19.29354 0.00008  0.02290 0.00047  0.00050 0.00582  0.07166

calcination generated  47.10000 0.04950

lime processing subttl 66.39354 0.00008  0.07240 0.00047 0.00050 0.00582 0.07166
lime transport 0.65072 0.00094  0.00743 0.00080 0.00020 0.00408
lime subtotal 67.24871 0.00131 0.08216 0.00152 0.00077 0.01118 0.10226
sand extraction 1.79437 0.00259 0.02048 0.00221 0.00055 0.01124  0.04700
sand processing 0.00000 0.00000 0.00000 0.00000  0.00000 0.00000
sand transport 2.35261 0.00339 0.02685 0.00289 0.00072 0.01474
sand subtotal 4.14698 0.00598 0.04734 0.00510 0.00127 0.02598 0.04700
brick processing 32.48700 0.01305  0.13040 0.01160 0.00337 0.06336 0.05814
Total 103.88269 0.02034 0.25989 0.01822 0.00541 0.10052 0.20740

By multiplying the above estimates by the sand -lime brick average specific gravity8 of 2064 kg/m3
and brick dimensions from Table 4.2.4., emission data estimates can also be presented per 1000 of
CB25, ES26 and VB31 bricks. (Tables5.3.4-5.2.6)
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TABLE 5.3.4
ATMOSPHERIC EMISSIONS — SAND-LIME BRICK [PER 1000 CB25 BRICKS]
co, SO, NO, voC CHy Cco TPM
By Energy Source
natural gas 176.43216 0.00071 0.20945 0.00426 0.00461 0.05325 0.00000
diesel road 57.63111 0.08315  0.65783 0.07084  0.01769 0.36111 0.00000
electricity 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
process generated 194.15038 0.00000 0.20403 0.00000 0.00000 0.00000 0.85492

total 428.21364 0.08386 1.07130 0.07510 0.02230 0.41436 0.85492
By Process Step
RM extraction 8.23927 0.01189 0.09405 0.01013 0.00253 0.05163 0.31987

RM processing  79.52968 0.00032  0.09441 0.00192  0.00208 0.02400  0.29538

calcination generated  194.15038 - 0.20403 - - - -

RM processing subttl 273.68006 0.00000 0.29844 0.00000  0.00000 0.00000 0.29538
RM transport 12.38002 0.01786  0.14131 0.01522 0.00380 0.07757 0.00000
brick processing 133.91430 0.05379 0.53750 0.04783 0.01389 0.26116 0.23966
total 428.21364 0.08386 1.07130 0.07510 0.02230 0.41436 0.85491
By Constituents and Process Step
limestone extraction 0.84273 0.00122 0.00962 0.00104 0.00026 0.00528 0.12614
limestone transport 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

lime processing ~ 79.52968 0.00032  0.09441 0.00192  0.00208 0.02400  0.29538

calcination generated  194.15038 - 0.20403 - - - -

lime processing subttl 273.68006 0.00032 0.29844 0.00192 0.00208 0.02400 0.29538
lime transport 2.68234 0.00387 0.03062 0.00330 0.00082 0.01681 0.00000
lime subtotal 277.20513 0.00541 0.33868 0.00625 0.00316 0.04609 0.42152
sand extraction 7.39654 0.01067 0.08443 0.00909 0.00227 0.04635 0.19374
sand processing 0.00000 0.00000 0.00000 0.00000  0.00000 0.00000 0.00000
sand transport 9.69768 0.01399 0.11069 0.01192 0.00298 0.06076 0.00000
sand subtotal 17.09422 0.02466 0.19512 0.02101 0.00525 0.10711 0.19374
brick processing 133.91430 0.05379 0.53750 0.04783 0.01389 0.26116 0.23966

total 428.21364 0.08386 1.07130 0.07510 0.02230 0.41436 0.85491
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TABLE 5.3.5
ATMOSPHERIC EMISSIONS — SAND-LIME BRICK [PER 1000 ES26 BRICKS]
co, SO, NO, voC CHy Cco TPM
By Energy Source
natural gas 126.58609 0.00051  0.15027 0.00306  0.00331 0.03821  0.00000
diesel road 41.34902 0.05965  0.47198 0.05082  0.01269 0.25909  0.00000
electricity 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
process generated 139.29851 0.00000 0.14639 0.00000 0.00000 0.00000 0.61339

total 307.23362 0.06016 0.76863 0.05388 0.01600 0.29729 0.61339
By Process Step
RM extraction 5.91149 0.00853 0.06748 0.00727 0.00181 0.03704 0.22950

RM processing ~ 57.06075 0.00023  0.06774 0.00138  0.00149 0.01722  0.21193

calcination generated  139.29851 - 0.14639 - - - -

RM processing subttl 196.35927 0.00000  0.21412 0.00000  0.00000 0.00000  0.00000
RM transport 8.88238 0.01281  0.10139 0.01092  0.00273 0.05566  0.00000
brick processing 96.08048 0.03859 0.38565 0.03432 0.00997 0.18738 0.17195
total 307.23362 0.06016 0.76863 0.05388 0.01600 0.29729 0.61338
By Constituents and Process Step
limestone extraction 0.60464 0.00087 0.00690 0.00074 0.00019 0.00379 0.09050
limestone transport 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

lime processing ~ 57.06075 0.00023  0.06774 0.00138  0.00149 0.01722  0.21193

calcination generated  139.29851 - 0.14639 - - - -

lime processing subttl 196.35927 0.00023 0.21412 0.00138 0.00149 0.01722 0.21193
lime transport 1.92452 0.00278  0.02197 0.00237  0.00059 0.01206  0.00000
lime subtotal 198.88842 0.00388 0.24299 0.00449 0.00227 0.03307 0.30243
sand extraction 5.30685 0.00766 0.06057 0.00652 0.00163 0.03325 0.13900
sand processing 0.00000 0.00000  0.00000 0.00000  0.00000 0.00000  0.00000
sand transport 6.95787 0.01004  0.07942 0.00855  0.00214 0.04360  0.00000
sand subtotal 12.26471 0.01769  0.13999 0.01508  0.00376 0.07685  0.00000
brick processing 96.08048 0.03859  0.38565 0.03432  0.00997 0.18738  0.17195

total 307.23362 0.06016 0.76863 0.05388 0.01600 0.29729 0.61338
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TABLE 5.3.6
ATMOSPHERIC EMISSIONS — SAND-LIME BRICK [PER 1000 VB31 BRICKS]
co, SO, NO, voC CHy Cco TPM
By Energy Form
natural gas 159.63214 0.00064 0.18950 0.00385 0.00418 0.04818 0.00000
diesel road 52.14342 0.07523 0.59519 0.06409 0.01600 0.32673 0.00000
electricity 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
process generated 175.66321 0.00000 0.18460 0.00000 0.00000 0.00000 0.77351

total 387.43877 0.07587 0.96929 0.06795 0.02018 0.37490 0.77351
By Process Step
RM extraction 7.45472 0.01076 0.08509 0.00916 0.00229 0.04671 0.28942

RM processing  71.95680 0.00029  0.08542 0.00174  0.00188 0.02172  0.26725

calcination generated  175.66321 - 0.18460 - - - -

RM processing subttl 247.62001 0.00000 0.27002 0.00000  0.00000 0.00000 0.00000
RM transport 11.20118 0.01616  0.12786 0.01377 0.00344 0.07019 0.00000
brick processing 121.16286 0.04867 0.48632 0.04328 0.01257 0.23629 0.21684
total 387.43877 0.07587 0.96929 0.06795 0.02018 0.37490 0.77351
By Constituents and Process Step
limestone extraction 0.76249 0.00110 0.00870 0.00094 0.00023 0.00478 0.11413
limestone transport 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

lime processing ~ 71.95680 0.00029  0.08542 0.00174  0.00188 0.02172  0.26725

calcination generated  175.66321 - 0.18460 - - - -

lime processing subttl 247.62001 0.00029 0.27002 0.00174 0.00188 0.02172 0.26725
lime transport 2.42692 0.00350 0.02770 0.00298 0.00074 0.01521 0.00000
lime subtotal 250.80942 0.00489 0.30643 0.00566 0.00286 0.04170 0.38138
sand extraction 6.69223 0.00965 0.07639 0.00823 0.00205 0.04193 0.17529
sand processing 0.00000 0.00000 0.00000 0.00000  0.00000 0.00000 0.00000
sand transport 8.77426 0.01266 0.10015 0.01078 0.00269 0.05498 0.00000
sand subtotal 15.46649 0.02231 0.17654 0.01901 0.00475 0.09691 0.00000
brick processing 121.16286 0.04867 0.48632 0.04328 0.01257 0.23629 0.21684

total 387.43877 0.07587 0.96929 0.06795 0.02018 0.37490 0.77351
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5.4 Concrete Brick
5.4.1 Aggregates

Non-particulate atmospheric emissions related to aggregate extraction, processing and
transportation are a function of energy use. The estimates were developed in the ATHENA™
Cement and Concrete study?, and are shown here only for completeness. They were estimated by
applying the fuel-specific emission factors from Table 5.1 to energy use estimates for aggregate
extraction, processing and transportation presented in Section 4.3. For example, the CO, emission
estimate for the extraction of coarse aggregates is developed as a product of 0.027 GJ/t of diesdl
fuel use from Section 4.3 and the diesdl road emission factor of 70.7 kg/t from Table 5.1. The
resulting emission estimate is 1.9089 kg of CO», per tonne of aggregate.

The same per tonne energy breakdown is assumed for the extraction, processing and transportation
of both fine and coarse aggregates in al of the regions and cities considered in the study. The
atmospheric emission estimates for aggregate production and transportation are therefore the same
for al regions and cities.

In the case of particulates, an uncontrolled total particulate matter (TPM) emission factor of 50
g/tonne for both coarse and fine aggregates was taken from Environment Canada.3  This factor
represents tota emissions due to aggregate quarrying, crushing, screening, transportation and
stockpiling. (The estimate is in agreement with the figure quoted in the AIA Environmenta
Resource Guide.#)

Table 5.4.1 shows the resulting emission estimates for aggregate extraction and transportation.
Processing emissions are not included in Table 5.4.1 because the energy used for processing is in
the form of electricity and emissions related to electricity generation are being estimated within the
ATHENA™ Mode as explained earlier.

TABLE 5.4.1
ATMOSPHERIC EMISSIONS DUE TO FINE AND COARSE AGGREGATES

CO2 SO»2 NOy vVocC CHy CcoO TPM
[kg/t] [9/t] [9/] [9/t] [9/1] [9/t] [9/t]
Extraction
Coarse Aggregate 1.9089 2.7540 21.7890 2.3463 0.5859 11.9610
Fine Aggregate 1.9089 2.7540 21.7890 2.3463 0.5859 11.9610
Transportation
Coarse Aggregate 1.6685 2.4072 19.0452 2.0508 0.5121 10.4548
Fine Aggregate 2.5028 3.6108 28.5678 3.0763 0.7682 15.6822
Total
Coarse Aggregate 3.5774 5.1612 40.8342 4.3971 1.0980 22.4158 50.0000
Fine Aggregate 4.4117 6.3648 50.3568 5.4226 1.3541 27.6432 50.0000
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5.4.2 Cement

The atmospheric emissions associated with the production of cement were developed and discussed
in detail in Section 5 of the ATHENA™ cement and concrete studyl. These are summarized here in
Table5.4.2.

TABLE 5.4.2
ATMOSPHERIC EMISSIONS DUE TO CEMENT PRODUCTION BY REGION
(G/ITONNE OF CEMENT)

Region City CO2 SO2 NOy vVOC CHg co TPM
Raw Materials Extraction
West Coast Vancouver 3155.90 4.55 36.02 3.88 0.97 19.77 843.03
Prairies Calgary 3149.69 4,54 35.95 3.87 0.97 19.74 841.50
Winnipeg 3149.69 4.54 35.95 3.87 0.97 19.74 841.50
Central Toronto 3146.97 4,54 35.92 3.87 0.97 19.72 840.99
East Montreal 3122.92 4,51 35.65 3.84 0.96 19.57 834.20
Halifax 3122.92 4,51 35.65 3.84 0.96 19.57 835.17
Raw Materials Transportation
West Coast Vancouver 6628.35 37.71 23.11 30.20 3.44 3.90
Prairies Calgary 15881.67 22.91 293.04 16.34 2.25 26.77
Winnipeg 15881.67 22.91 293.04 16.34 2.25 26.77
Central Toronto 4787.51 17.76 37.55 14.30 1.94 13.42
East Montreal 1616.61 5.06 13.33 4.12 0.63 6.51
Halifax 1616.61 5.06 13.33 4.12 0.63 6.51
Manufacturing
West Coast Vancouver 779160.25 38.84 4447.38 5.68 4.01 188.15 483.06
Prairies Calgary 680558.86 0.06 5422.31 4.40 4.77 52.71 938
Winnipeg 680558.86 0.06 5422.31 4.40 4.77 52.71 938
Central Toronto 804194.66 104.40 1661.74 5.54 2.66 273.95 340.32
East Montreal 875240.59 192.04 2870.47 8.11 3.72 280.31 863.23
Halifax 875240.59 192.04 2870.47 8.11 3.72 280.31 603
Finished Cement Transportation
West Coast Vancouver 9543.09 13.77 108.93 11.73 2.93 59.80
Prairies Calgary 26400.79 38.09 301.35 32.45 8.10 165.43
Winnipeg 90764.66 130.95 1797.32 89.87 10.01 73.18
Central Toronto 9315.69 19.06 95.79 15.85 3.14 50.91
East Montreal 17291.10 24.95 215.00 20.75 4.89 96.86
Halifax 18112.66 38.64 183.26 32.06 6.19 96.87
Total Emissions due to Cement Production
West Coast Vancouver 798487.60 94.87 4615.45 51.50 11.35 271.62 1326.09
Prairies Calgary 725991.01 65.60 6052.65 57.06 16.09 264.64 1779.50
Winnipeg 790354.88 158.46 7548.62 114.47 18.00 172.39 1779.50
Central Toronto 821444.83 145.75 1831.00 39.56 8.71 357.99 1181.31
East Montreal 897271.21 226.55 3134.45 36.82 10.21 403.24 1697.43
Halifax 898092.78 240.24 3102.71 48.13 11.50 403.25 1438.17
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5.4.3 Emission Estimates for Concrete Masonry Brick

The atmospheric emissions estimates were developed for concrete masonry bricks in the same
manner asin the Cement and Concrete study? for other concrete products, i.e.:

1. The component of total emissions that results from the direct use of energy at each process stage
(i.e. aggregate extraction, aggregate transportation and concrete processing) was estimated by
multiplying the energy use estimates by process stage and fuel type by the appropriate emission
factors from Table 5.1. For each product, this component of emissions is the same for al cities
because the product energy estimates were assumed to be the same for al cities.

2. The component of total emissions resulting from the use of cement was estimated by
multiplying cement atmospheric emissions estimates for the relevant city by the cement content
factor shown in Table 3.1.

For example, cement ddlivered in VVancouver embodies 271.62 grams of CO per tonne (from Table
5.4.2) and 217 kg of cement is used per m3 of concrete brick mix (from Table 3.1). Therefore, CO
emissions resulting from the use of cement in the production of concrete brick in Vancouver =
271.62 x .217 = 58.94 grams per m3 of bricks.

3. The estimates from steps 1 and 2, above, were added to obtain the emission estimates by
process stage and city, with the cement-related emissions added a the manufacturing stage as
discussed in Section 4.3. The estimates for the concrete masonry brick vary by city because the
cement-related emissions vary by city.

4. TPM estimates were devel oped in three steps.

a) The TPM estimates from Table 5.4.1 for coarse and fine aggregates were adjusted to
reflect the amount of aggregate in each product (e.g. 1.944 tonnes of fine plus coarse
aggregate per m3 of concrete brick mix (from Table 3.1) x 50 grams per tonne of TPM
(from Table 5.4.1) = 97.2 grams of TPM per m3 of concrete bricks. This component of
thetotal TPM estimate was attributed to the raw material extraction and processing stage.

b) An additiona estimate of 120 grams of TPM per m3 of concrete was taken from

Environment Canada to cover releases during the concrete products manufacturing stage.3
Our understanding of the estimatesis that these TPM releases result from materials
handling and mixing and that they do not vary significantly by product.

c) The TPM estimates for cement (from Table 5.4.2) were factored to reflect the amount of
cement in concrete brick asillustrated in point 2, above. This component of TPM varies
by city. The estimates were added to the TPM component from Step 4 (b) to arrive at the
total concrete brick manufacturing stage estimate of TPM for each city.
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5. Finaly, the emission estimates for concrete brick first derived in terms of m3 of concrete can be
converted to estimates per 1000 bricks of various types, as specified in Table 4.3.5 using the
appropriate conversion factors as cited there.

The fina estimates of atmospheric emissions for the concrete masonry brick are shown in Tables
5.4.3 (per m3 of concrete) and 5.4.4 through 5.4.7 (per 1000 bricks) by process stage and city.

5.5 Atmospheric Emission - Cement Mortar

Atmospheric emissions for cement mortar are arrived at in a Smilar manner to that used for
concrete masonry brick and other concrete products. The basic components of cement mortar, as
shown in Table 3.1, are cement, fine aggregate (sand) and water. Cement mortars often have some
lime content to improve plagticity, or use masonry cement instead of portland cement. However, the
differences between unit factor estimates for a lime mortar and one made only with portland or
masonry cement would be minimal and we have therefore devel oped estimates for only the portland
cement version.

The atmospheric emission estimates associated with the production of cement mortar were
developed in the ATHENA™ Cement and Concrete study?, and they are shown here as well in order
to keep the relevant information together.

While these emissions are tabulated (Table 5.5.1) in grams per m3 of cement mortar, if desired they
can be multiplied by appropriate factors from Tables 4.4.3 to 4.4.5 for typica concrete masonry,
sand-lime or clay bricks, to estimate atmospheric emissions associated with the cement mortar use
expressed per 1000 bricks of the given size at the typical 10 mm (3/8") mortar bed thickness.
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TABLE 5.4.3
CONCRETE BRICK EMISSIONS [GRAMS/M3]
CO2 S02 NOXx vVOC CH4 coO TPM
Aggregates Extraction
West Coast Vancouver 3710.90 5.35 42.36 4.56 1.14 23.25 97.20
Prairie Calgary 3710.90 5.35 42.36 4.56 1.14 23.25 97.20
Winnipeg 3710.90 5.35 42.36 4.56 1.14 23.25 97.20
Central Toronto 3710.90 5.35 42.36 4.56 1.14 23.25 97.20
East Montreal 3710.90 5.35 42.36 4.56 1.14 23.25 97.20
Halifax 3710.90 5.35 42.36 4.56 1.14 23.25 97.20
Aggregates Transportation
West Coast Vancouver 4379.03 6.32 49.98 5.38 1.34 27.44 0.00
Prairie Calgary 4379.03 6.32 49.98 5.38 1.34 27.44 0.00
Winnipeg 4379.03 6.32 49,98 5.38 1.34 27.44 0.00
Central Toronto 4379.03 6.32 49.98 5.38 1.34 27.44 0.00
East Montreal 4379.03 6.32 49.98 5.38 1.34 27.44 0.00
Halifax 4379.03 6.32 49.98 5.38 1.34 27.44 0.00
Concrete Production
West Coast Vancouver 72446.01 29.10 290.78 25.88 7.52 141.28 120.00
Prairie Calgary 72446.01 29.10 290.78 25.88 7.52 141.28 120.00
Winnipeg 72446.01 29.10 290.78 25.88 7.52 141.28 120.00
Central Toronto 72446.01 29.10 290.78 25.88 7.52 141.28 120.00
East Montreal 72446.01 29.10 290.78 25.88 7.52 141.28 120.00
Halifax 97128.10 158.42 293.95 25.24 6.31 141.81 120.00
Cement
West Coast Vancouver 173271.81 20.59 1001.55 11.17 2.46 58.94 287.76
Prairie Calgary 157540.05 14.24 1313.43 12.38 3.49 57.43 386.15
Winnipeg 171507.01 34.39 1638.05 24.84 3.91 37.41 386.15
Central Toronto 178253.53 31.63 397.33 8.58 1.89 77.68 256.34
East Montreal 194707.85 49.16 680.18 7.99 2.22 87.50 368.34
Halifax 194886.13 52.13 673.29 10.45 2.50 87.51 312.08
Processing Sub-total
West Coast Vancouver 245717.82 49.69 1292.33 37.05 9.98 200.23 407.76
Prairie Calgary 229986.06 43.33 1604.21 38.26 11.01 198.71 506.15
Winnipeg 243953.02 63.48 1928.83 50.72 11.42 178.69 506.15
Central Toronto 250699.54 60.73 688.11 34.46 9.41 218.97 376.34
East Montreal 267153.86 78.26 970.96 33.87 9.73 228.79 488.34
Halifax 292014.23 210.55 967.23 35.69 8.81 229.32 432.08
Total
West Coast Vancouver 253807.75 61.36 1384.68 46.99 12.46 250.92 504.96
Prairie Calgary 238075.99 55.01 1696.55 48.20 13.49 249.40 603.35
Winnipeg 252042.95 75.16 2021.18 60.66 13.91 229.38 603.35
Central Toronto 258789.47 72.40 780.45 44.40 11.89 269.66 473.54
East Montreal 275243.80 89.93 1063.30 43.81 12.21 279.48 585.54
Halifax 300104.16  222.22 1059.58 45.63 11.29 280.01 529.28
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TABLE 5.4.4
CONCRETE BRICK EMISSIONS [GRAMS/1000 Al BRICKS]
CO2 S02 NOXx vVOC CH4 coO TPM
Aggregate Extraction
West Coast Vancouver 3616.86 5.22 41.28 4.45 1.11 22.66 94.74
Prairie Calgary 3616.86 5.22 41.28 4.45 1.11 22.66 94.74
Winnipeg 3616.86 5.22 41.28 4.45 1.11 22.66 94.74
Central Toronto 3616.86 5.22 41.28 4.45 1.11 22.66 94.74
East Montreal 3616.86 5.22 41.28 4.45 1.11 22.66 94.74
Halifax 3616.86 5.22 41.28 4.45 1.11 22.66 94.74
Aggregate Transportation
West Coast Vancouver 4268.06 6.16 48.72 5.25 1.31 26.74 0.00
Prairie Calgary 4268.06 6.16 48.72 5.25 1.31 26.74 0.00
Winnipeg 4268.06 6.16 48.72 5.25 1.31 26.74 0.00
Central Toronto 4268.06 6.16 48.72 5.25 1.31 26.74 0.00
East Montreal 4268.06 6.16 48.72 5.25 1.31 26.74 0.00
Halifax 4268.06 6.16 48.72 5.25 1.31 26.74 0.00
Concrete Processing
West Coast Vancouver 70610.15 28.36 283.41 25.22 7.33 137.70 116.96
Prairie Calgary 70610.15 28.36 283.41 25.22 7.33 137.70 116.96
Winnipeg 70610.15 28.36 283.41 25.22 7.33 137.70 116.96
Central Toronto 70610.15 28.36 283.41 25.22 7.33 137.70 116.96
East Montreal 70610.15 28.36 283.41 25.22 7.33 137.70 116.96
Halifax 94666.76 154.40 286.50 24.60 6.15 138.22 116.96
Cement
West Coast Vancouver 168880.90 20.07 976.17 10.89 2.40 57.45 280.47
Prairie Calgary 153547.81 13.88 1280.14 12.07 3.40 55.97 376.37
Winnipeg 167160.83 33.51 1596.54 24.21 3.81 36.46 376.37
Central Toronto 173736.38 30.83 387.26 8.37 1.84 75.72 249.85
East Montreal 189773.74 47.92 662.94 7.79 2.16 85.29 359.01
Halifax 189947.50 50.81 656.23 10.18 2.43 85.29 304.17
Processing Sub-total
West Coast Vancouver 239491.05 48.43 1259.59 36.11 9.73 195.15 397.43
Prairie Calgary 224157.95 42.24 1563.56 37.29 10.73 193.68 493.33
Winnipeg 237770.97 61.88 1879.96 49.43 11.13 174.16 493.33
Central Toronto 244346.53 59.19 670.67 33.59 9.17 213.42 366.81
East Montreal 260383.88 76.28 946.35 33.01 9.49 222.99 475.97
Halifax 284614.26  205.21 942.72 34.78 8.59 223,51 421.13
Total
West Coast Vancouver 247375.98 59.80 1349.59 45.80 12.15 244.56 492.17
Prairie Calgary 232042.88 53.61 1653.56 46.98 13.15 243.08 588.06
Winnipeg 245655.90 73.25 1969.96 59.12 13.55 223.57 588.06
Central Toronto 252231.45 70.56 760.67 43.28 11.59 262.82 461.54
East Montreal 268268.81 87.65 1036.36 42.70 11.91 272.40 570.70
Halifax 292499.18 216.59 1032.73 44.48 11.01 272.91 515.87
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TABLE 5.4.5
CONCRETE BRICK EMISSIONS [GRAMS/1000 A2 BRICKS]
CO2 S02 NOXx vVOC CH4 coO TPM
Aggregates Extraction
West Coast Vancouver 3144.83 4.54 35.90 3.87 0.97 19.71 82.37
Prairie Calgary 3144.83 4.54 35.90 3.87 0.97 19.71 82.37
Winnipeg 3144.83 4,54 35.90 3.87 0.97 19.71 82.37
Central Toronto 3144.83 4,54 35.90 3.87 0.97 19.71 82.37
East Montreal 3144.83 4.54 35.90 3.87 0.97 19.71 82.37
Halifax 3144.83 4,54 35.90 3.87 0.97 19.71 82.37
Aggregates Transportation
West Coast Vancouver 3711.04 5.35 42.36 4.56 1.14 23.25 0.00
Prairie Calgary 3711.04 5.35 42.36 4.56 1.14 23.25 0.00
Winnipeg 3711.04 5.35 42.36 4.56 1.14 23.25 0.00
Central Toronto 3711.04 5.35 42.36 4.56 1.14 23.25 0.00
East Montreal 3711.04 5.35 42.36 456 1.14 23.25 0.00
Halifax 3711.04 5.35 42.36 4.56 1.14 23.25 0.00
Concrete Production
West Coast Vancouver 61394.92 24.66 246.43 21.93 6.37 119.73 101.69
Prairie Calgary 61394.92 24.66 246.43 21.93 6.37 119.73 101.69
Winnipeg 61394.92 24.66 246.43 21.93 6.37 119.73 101.69
Central Toronto 61394.92 24.66 246.43 21.93 6.37 119.73 101.69
East Montreal 61394.92 24.66 246.43 21.93 6.37 119.73 101.69
Halifax 82311.95 134.25 249.11 21.39 5.35 120.18 101.69
Cement
West Coast Vancouver 146840.52 17.45 848.77 9.47 2.09 49.95 243.87
Prairie Calgary 133508.52 12.06 1113.07 10.49 2.96 48.67 327.25
Winnipeg 145344.92 29.14 1388.18 21.05 3.31 31.70 327.25
Central Toronto 151062.31 26.80 336.72 7.27 1.60 65.83 217.24
East Montreal 165006.66 41.66 576.42 6.77 1.88 74.16 312.15
Halifax 165157.74 44.18 570.58 8.85 2.12 74.16 264.48
Processing Sub-total
West Coast Vancouver 208235.44 42.11 1095.20 31.40 8.46 169.68 345.56
Prairie Calgary 194903.44 36.72 1359.50 32.42 9.33 168.40 428.94
Winnipeg 206739.85 53.80 1634.61 42.98 9.68 151.43 428.94
Central Toronto 212457.24 51.46 583.14 29.20 7.97 185.57 318.94
East Montreal 226401.58 66.32 822.85 28.70 8.25 193.89 413.85
Halifax 247469.69 178.43 819.69 30.24 7.47 194.34 366.17
Total
West Coast Vancouver 215091.31 52.00 1173.45 39.83 10.56 212.64 427.93
Prairie Calgary 201759.32 46.62 1437.75 40.85 11.43 211.36 511.31
Winnipeg 213595.72 63.69 1712.86 51.41 11.79 194.39 511.31
Central Toronto 219313.11 61.35 661.40 37.63 10.08 228.52 401.31
East Montreal 233257.45 76.21 901.10 37.13 10.35 236.85 496.22
Halifax 254325.56  188.32 897.95 38.67 9.57 237.29 448.54
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TABLE 5.4.6
CONCRETE BRICK EMISSIONS [GRAMS/1000 B1 BRICKS]
CO2 S02 NOXx vVOC CH4 coO TPM
Aggregates Extraction
West Coast Vancouver 5709.08 8.24 65.17 7.02 1.75 35.77 149.54
Prairie Calgary 5709.08 8.24 65.17 7.02 1.75 35.77 149.54
Winnipeg 5709.08 8.24 65.17 7.02 1.75 35.77 149.54
Central Toronto 5709.08 8.24 65.17 7.02 1.75 35.77 149.54
East Montreal 5709.08 8.24 65.17 7.02 1.75 35.77 149.54
Halifax 5709.08 8.24 65.17 7.02 1.75 35.77 149.54
Aggregates Transportation
West Coast Vancouver 6736.97 9.72 76.90 8.28 2.07 42.21 0.00
Prairie Calgary 6736.97 9.72 76.90 8.28 2.07 42.21 0.00
Winnipeg 6736.97 9.72 76.90 8.28 2.07 42.21 0.00
Central Toronto 6736.97 9.72 76.90 8.28 2.07 42.21 0.00
East Montreal 6736.97 9.72 76.90 8.28 2.07 42.21 0.00
Halifax 6736.97 9.72 76.90 8.28 2.07 42.21 0.00
Concrete Production
West Coast Vancouver 111455.40 44.77 447.36 39.81 11.56 217.36 184.62
Prairie Calgary 111455.40 44.77 447.36 39.81 11.56 217.36 184.62
Winnipeg 111455.40 44.77 447.36 39.81 11.56 217.36 184.62
Central Toronto 111455.40 44.77 447.36 39.81 11.56 217.36 184.62
East Montreal 111455.40 44.77 447.36 39.81 11.56 217.36 184.62
Halifax 149427.84  243.72 452.23 38.84 9.71 218.17 184.62
Cement
West Coast Vancouver 266572.01 31.67 1540.85 17.19 3.79 90.68 442.71
Prairie Calgary 242369.31 21.90 2020.65 19.05 5.37 88.35 594.08
Winnipeg 263856.94 52.90 2520.08 38.22 6.01 57.55 594.08
Central Toronto 274236.20 48.66 611.27 13.21 2.91 119.51 394.38
East Montreal 299550.54 75.63 1046.42 12.29 3.41 134.62 566.68
Halifax 299824.82 80.20 1035.83 16.07 3.84 134.62 480.13
Processing Sub-total
West Coast Vancouver 378027.41 76.44 1988.21 57.00 15.35 308.04 627.33
Prairie Calgary 353824.71 66.67 2468.01 58.86 16.94 305.71 778.69
Winnipeg 375312.34 97.67 2967.44 78.03 17.57 274.91 778.69
Central Toronto 385691.60 93.43 1058.63 53.02 14.47 336.87 578.99
East Montreal 411005.94 120.40 1493.78 52.10 14.97 351.98 751.30
Halifax 449252.66  323.92 1488.05 54.91 13.55 352.79 664.74
Total
West Coast Vancouver 390473.46 94.39 2130.27 72.30 19.17 386.03 776.86
Prairie Calgary 366270.76 84.62 2610.08 74.16 20.76 383.70 928.23
Winnipeg 387758.39 115.62 3109.50 93.32 21.39 352.90 928.23
Central Toronto 398137.65 111.38 1200.70 68.31 18.29 414.86 728.53
East Montreal 423451.99 138.36 1635.85 67.40 18.79 429.97 900.83
Halifax 461698.71  341.88 1630.12 70.20 17.37 430.78 814.28
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TABLE 5.4.7
CONCRETE BRICK EMISSIONS [GRAMS/1000 B2 BRICKS]
CO2 S02 NOXx vVOC CH4 coO TPM
Aggregates Extraction
West Coast Vancouver 4967.74 7.17 56.70 6.11 1.52 31.13 130.12
Prairie Calgary 4967.74 7.17 56.70 6.11 1.52 31.13 130.12
Winnipeg 4967.74 7.17 56.70 6.11 1.52 31.13 130.12
Central Toronto 4967.74 7.17 56.70 6.11 1.52 31.13 130.12
East Montreal 4967.74 7.17 56.70 6.11 1.52 31.13 130.12
Halifax 4967.74 7.17 56.70 6.11 1.52 31.13 130.12
Aggregates Transportation
West Coast Vancouver 5862.16 8.46 66.91 7.21 1.80 36.73 0.00
Prairie Calgary 5862.16 8.46 66.91 7.21 1.80 36.73 0.00
Winnipeg 5862.16 8.46 66.91 7.21 1.80 36.73 0.00
Central Toronto 5862.16 8.46 66.91 7.21 1.80 36.73 0.00
East Montreal 5862.16 8.46 66.91 7.21 1.80 36.73 0.00
Halifax 5862.16 8.46 66.91 7.21 1.80 36.73 0.00
Concrete Production
West Coast Vancouver 96982.61 38.95 389.27 34.64 10.06 189.14 160.64
Prairie Calgary 96982.61 38.95 389.27 34.64 10.06 189.14 160.64
Winnipeg 96982.61 38.95 389.27 34.64 10.06 189.14 160.64
Central Toronto 96982.61 38.95 389.27 34.64 10.06 189.14 160.64
East Montreal 96982.61 38.95 389.27 34.64 10.06 189.14 160.64
Halifax 130024.22  212.07 393.50 33.79 8.45 189.84 160.64
Cement
West Coast Vancouver 231956.91 27.56 1340.77 14.96 3.30 78.90 385.22
Prairie Calgary 210896.99 19.06 1758.27 16.57 4.67 76.88 516.94
Winnipeg 229594.39 46.03 2192.84 33.25 5.23 50.08 516.94
Central Toronto 238625.87 42.34 531.90 11.49 2.53 103.99 343.17
East Montreal 260653.08 65.81 910.54 10.70 2.97 117.14 493.10
Halifax 260891.74 69.79 901.32 13.98 3.34 117.14 417.78
Processing Sub-total
West Coast Vancouver 328939.52 66.51 1730.03 49.60 13.36 268.04 545.87
Prairie Calgary 307879.60 58.01 2147.53 51.22 14.74 266.01 677.58
Winnipeg 326577.00 84.99 2582.11 67.89 15.29 239.21 677.58
Central Toronto 335608.48 81.29 921.16 46.13 12.59 293.13 503.81
East Montreal 357635.69 104.77 1299.81 45.34 13.03 306.28 653.74
Halifax 390915.97 281.86 1294.83 47.78 11.79 306.98 578.42
Total
West Coast Vancouver 339769.41 82.14 1853.65 62.91 16.68 335.90 675.99
Prairie Calgary 318709.49 73.64 2271.15 64.53 18.06 333.87 807.70
Winnipeg 337406.90 100.61 2705.72 81.21 18.62 307.07 807.70
Central Toronto 346438.38 96.92 1044.78 59.44 15.92 360.99 633.93
East Montreal 368465.59 120.39 1423.43 58.65 16.35 374.13 783.86
Halifax 401745.86  297.48 1418.44 61.09 15.12 374.84 708.54
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TABLE 5.5.1
ATMOSPHERIC EMISSIONS DUE TO CEMENT MORTAR PRODUCTION
(GRAMS/M3)
CO»2 SO»2 NOy VOC CHg coO TPM
Aggregate Extraction
West Coast Vancouver 1498.49 2.16 17.10 1.84 0.46 9.39 39.25
Prairie Calgary 1498.49 2.16 17.10 1.84 0.46 9.39 39.25
Winnipeg 1498.49 2.16 17.10 1.84 0.46 9.39 39.25
Central Toronto 1498.49 2.16 17.10 1.84 0.46 9.39 39.25
East Montreal 1498.49 2.16 17.10 1.84 0.46 9.39 39.25
Halifax 1498.49 2.16 17.10 1.84 0.46 9.39 39.25
Aggregate Transportation
West Coast Vancouver 1964.68 2.83 22.43 2.41 0.60 12.31 0.00
Prairie Calgary 1964.68 2.83 22.43 2.41 0.60 12.31 0.00
Winnipeg 1964.68 2.83 22.43 2.41 0.60 12.31 0.00
Central Toronto 1964.68 2.83 22.43 2.41 0.60 12.31 0.00
East Montreal 1964.68 2.83 22.43 2.41 0.60 12.31 0.00
Halifax 1964.68 2.83 22.43 2.41 0.60 12.31 0.00
Concrete Processing
West Coast Vancouver 0.00 0.00 0.00 0.00 0.00 0.00 120.00
Prairie Calgary 0.00 0.00 0.00 0.00 0.00 0.00 120.00
Winnipeg 0.00 0.00 0.00 0.00 0.00 0.00 120.00
Central Toronto 0.00 0.00 0.00 0.00 0.00 0.00 120.00
East Montreal 0.00 0.00 0.00 0.00 0.00 0.00 120.00
Halifax 0.00 0.00 0.00 0.00 0.00 0.00 120.00
Cement Production
West Coast Vancouver 245135.69 29.13 1416.94 15.81 3.49 83.39 407.11
Prairie Calgary 222879.24 20.14  1858.16 17.52 4,94 81.24 546.31
Winnipeg 242638.95 48.65 2317.43 35.14 5.53 52.92 546.31
Central Toronto 252183.56 44.75 562.12 12.14 2.67 109.90 362.66
East Montreal 275462.26 69.55 962.28 11.30 3.13 123.80 521.11
Halifax 275714.48 73.75 952.53 14.78 3.53 123.80 441.52
Processing Sub-total
West Coast Vancouver 245135.69 29.13 1416.94 15.81 3.49 83.39 527.11
Prairie Calgary 222879.24 20.14 1858.16 17.52 4.94 81.24 666.31
Winnipeg 242638.95 48.65 2317.43 35.14 5.53 52.92 666.31
Central Toronto 252183.56 44.75 562.12 12.14 2.67 109.90 482.66
East Montreal 275462.26 69.55 962.28 11.30 3.13 123.80 641.11
Halifax 275714.48 73.75 952.53 14.78 3.53 123.80 561.52
TOTAL
West Coast Vancouver 248598.86 34.12 1456.47 20.07 4.55 105.09 566.36
Prairie Calgary 226342.41 25.14 1897.69 21.77 6.00 102.94  705.56
Winnipeg 246102.12 53.64 2356.96 39.40 6.59 74.62 705.56
Central Toronto 255646.73 49.74 601.65 16.40 3.74 131.60 521.91
East Montreal 278925.43 74.55 1001.81 15.56 4.20 145.50 680.36
Halifax 279177.65 78.75 992.06 19.03 4.59 145.50 600.77
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6.0 EMISSIONS TO WATER

This section addresses effluent associated with brick production. Water is one of the basic
components of any brick materid, making the raw brick mix plastic and enabling brick formation.
It constitutes about 12 to 14% by volume of the clay brick mix, 8% of the sand-lime brick raw
materials, about 3% by weight of the concrete brick mix, and 14.5% by weight of the cement
mortar. In the extraction of the brick raw materids, the mining and quarrying of clays, shales,
limestone and aggregates, large volumes of water are generated. Water therefore plays a direct role
in the production of all bricks considered in this study.

6.1 Clay Brick

We were not able to find any information or references in the literature regarding liquid effluents
associated with clay brick operations. The brick manufacturing process itself generates hardly any
process effluent. The results of the industry survey6 indicate that Canadian brick plants operate a
closed loop water system, and that they recycle their process water. Brick operations, however, do
use some water to clean equipment and yards. In addition, rainwater washes away clay dust into
containment areas. This “brickyard effluent” is treated in settling ponds. Whereas the sediment
from the bottom of the pondsisusually landfilled (see Section 7.1), water is recycled.

While only limited data on water usage and effluent associated with the clay brick production came
from the industry, we were able to obtain some detailed monitoring data concerning Ontario brick
plants from the Environmental Monitoring and Reporting Branch of the Ontario Ministry of the
Environment (MOE) from their MISA program.> The MOE MISA provides only the total effluent
monitoring information, it does not differentiate between the individua processing steps of the
production. Most of the data is from large integrated operations, including both the extraction of
the raw materials and the actual brick production. As, according to the industry, most of the process
water is recycled back into the production, we assume that the effluent is generated mainly in the
winning and preparation of the clay / shale. The quarrying of clays or shales generates regular and
often fairly substantial volumes of “quarry effluent”. Sudden storms can aso create “ stormwater
effluent” at quarries. MOE MISA data generated in the early 1990s is providing the total flows
and pollutants concentrations aswell as daily and annual effluent loadings.

In the absence of more detailled information from various brick operations across the country, and
considering the fact that the overwhelming portion of the industry is concentrated in Ontario, we
will use the MOE data as representative of clay brick industry for all regions.

Effluent flow rates vary in the range of 250 to 1080 m3 per day, with the average flow for different
operations usually in the range of 500 to 700 m3 per day. In Table 6.1.1 average pH, conductivity
and concentration of various pollutants in milligrams per liter of effluent are shown, as is their
average annua loading. From the brick production volume the effluent load in grams per tonne, per
m3 and per 1000 Ontario bricks was estimated. Tables 6.1.2 and 6.1.3 show average effluent
loadings for eight types of typical Canadian bricks.
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TABLE 6.1.1
AVERAGE EFFLUENT FROM CLAY BRICK PRODUCTION
pH 7.83
conductance @ 25C 1717
[uS/em]
concentration annual effluent load
loading
mg/L kglyear g/tonne g/m3 /1000
of bricks of bricks  Ontario bricks
total suspended solids 258.4890 58164.7930 214.67201 308.26901 401.85948
dissolved organic
compounds (DOC) 3.6500 951.7375 4.23679 6.08403 7.93115
ammonium 0.9350 135.7754 0.60442 0.86795 1.13146
phenolics 0.0019 0.2187 0.00114 0.00163 0.00213
cyanide 0.0013 0.3495 0.00156 0.00223 0.00291
sulfur compounds 105.0800 35680.5750 158.83705 228.09000 297.33812
iron 11.4000 1342.1050 5.97457 8.57948 11.18421
non-ferrous metals
aluminum 11.5000 1381.5250 6.15005 8.83147 11.51271
copper 0.0090 1.2556 0.00559 0.00803 0.01046
zinc 0.1035 13.5798 0.06045 0.08681 0.11317
TABLE 6.1.2

AVERAGE EFFLUENT ASSOCIATED WITH CLAY BRICK PRODUCTION

Ontario Metric CSR MAX
Modular
volume [m3/1000 bricks] 1.3036 0.9747 1.4490 1.8273
pH 7.83
conductance @ 25C [uS/cm] 1717
[9/1000 brick]
total suspended solids 401.85948 300.46980 446.68182 563.29995
dissolved organic compounds (DOC) 7.93115 5.93011 8.81576 11.11735
ammonium 1.13146 0.84599 1.25766 1.58601
phenolics 0.00213 0.00159 0.00237 0.00298
cyanide 0.00291 0.00218 0.00324 0.00408
sulfur compounds 297.33812 222.31932 330.50241 416.78886
iron 11.18421 8.36242 12.43166 15.67728
non-ferrous metals
aluminum 11.51271 8.60804 12.79680 16.13775
copper 0.01046 0.00782 0.01163 0.01467
zinc 0.11317 0.08461 0.12579 0.15863
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TABLE 6.1.3
AVERAGE EFFLUENT ASSOCIATED WITH CLAY BRICK PRODUCTION

Metric Metric Jumbo Engineer Metric Norman
Closure Norman

volume [m3/1000 bricks] 1.5390 2.3490 1.8270 1.4877

pH 7.83

conductance @ 25C [uS/cm] 1717

[9/1000 brick]

total suspended solids 474.42600 724.12209 563.20747 458.61180
dissolved organic compounds (DOC) 9.36333 14.29139 11.11553 9.05122
ammonium 1.33578 2.03882 1.58575 1.29125
phenolics 0.00251 0.00383 0.00298 0.00243
cyanide 0.00344 0.00525 0.00408 0.00332
sulfur compounds 351.03051 535.78341 416.72043 339.32950
iron 13.20382 20.15320 15.67471 12.76369
non-ferrous metals
aluminum 13.59164 20.74513 16.13510 13.13858
copper 0.01235 0.01885 0.01466 0.01194
zinc 0.13360 0.20392 0.15860 0.12915

6.2 Calcium Silicate Brick

In comparison with many other building materids, cacium slicate brick uses relatively little water
initsproduction. The overall water management in the sand-lime brick industry as well as effluent
characteristics are rather similar to those of the concrete industry, discussed in detal in the
ATHENA™ Cement and Concrete report! and reviewed in this study in Section 6.3. Considering the
similarities of sand-lime brick and concrete masonry brick, both types of products using akaine
binders originating from decomposition of limestone, same type of aggregates and smilar brick
processing, it isnot surprising.

Sand-lime brick raw materials extraction and processing is associated with effluent discharges.
Mining or quarrying of gypsum rock generates regular and often fairly substantial volumes of
“minewater” or “quarry effluent”. Sudden storms can also create “stormwater effluent” a
quarries. In brick composition, water constitutes about 8% of the raw materials mix (Table 3.1). In
addition, water is used in brick making operations for housekeeping and equipment clean up.
While effluent discharges are perhaps negligible in comparison to the atmospheric emissions, they
should not be ignored.



The Athena™ Project:
Life Cycle Analysis of Brick and Mortar Products 6-4

In our estimates, effluent from the following three sources were combined to estimate total effluent
associated with sand-lime brick production:

» effluent from lime production;
« effluent from aggregate production; and
o effluent from brick manufacturing.

6.2.1 Lime Production

Detailed information regarding quarry water and stormwater from limestone quarries was obtained
from the Water Resources Branch of the Ontario Ministry of Energy and Environment under its
MISA program? for the Cement and Concrete studyl. For the lime plants, as it was beyond the
scope of this study to investigate the lime industry in detail, we assume that its effluent discharges
are similar to those of the cement plants. Due to the similarities in water use of the two industries,
we believe that any error isnegligible.

6.2.2 Aggregate Production

Average aggregate quarry effluent data were developed on the basis of random sampling of a few
quarries by the Water Resources Branch of the Ontario Ministry of Energy and Environment3, as
the Ministry does not normally monitor the aggregate industry. In addition to quarry and
stormwater, another effluent source is washing water, as aggregates frequently have to be washed
before use. Animportant difference between lime and aggregate production effluents is in the size
of the suspended solids particles. Suspended solids from aggregate quarries tend to be larger than
those from limestone quarries, resulting in faster settling rates. Effluent from aggregate production
are discussed in further detail in Section 14.1 of the Cement and Concrete study.1

6.2.3 Sand-Lime Brick Processing

In the absence of any information regarding the effluent due to sand-lime brick processing,
consdering the similarity between concrete brick and sand-lime brick forming and curing process,
we assume the same effluent volume of 12.5 I/m3 and the same pollutants for the sand-lime brick as
for concrete masonry brick.4

6.2.4 Sand-Lime Brick Effluent Summary

Effluent volume, pH and pollutant concentration estimates from al three calcium silicate brick
process stages are summarized in Table 6.2.1. The estimates for liquid effluent flows per tonne of
lime and aggregate were then adjusted to take into account the volumes of these materials used in
the calcium silicate brick (from Table 3.1). The resulting estimates of effluent flow per unit of brick
production were added to the effluent flow from the brick manufacturing step (Table 14.3) to
produce the estimates of total effluent flows per unit of brick, expressed alternately per tonne, m3 or
1000 of CB25, ES26 or VB31 bricks, and shown in Table 6.2.2
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TABLE 6.2.1
EFFLUENT FROM INDIVIDUAL PRODUCTION STAGES

Lime Production Aggregate Brick
Production Production

Lime Plant Quarry water Stormwater

Flow 3295.43 1827.46 3.55 234.88 12.50
[L/t of lime] [L/t of lime] [L/t of lime] [L/t of [L/m3 of sand-
aggregate] lime brick mix]

pH 8.30 8.21 8.84 7.85 8.00

[mg/L of effluent]

Suspended Solids 59.04 103.70 137.62 8.68 87.50
Aluminum 0.16 0.76

Phenolics 0.00 0.01 0.00

Oil & Grease 1.41 1.77 0.67 0.97 7.50
Nitrate, Nitrite 0.42 2.90 1.96

DOC 2.60 2.49

Chlorides 44.92 1290.03 162.55

Sulfates 104.57 217.71 163.59

Sulfides 0.00 0.04

Ammonia, -um 1.41

Phosphorus 0.01

Zinc 0.00 0.00

* DOC - dissolved organic compounds

Notes: Lime plant and quarry water data are based on 365 days/year
Stormwater data as per occurrence, assumed 7 occurrences per year
pH is the symbol used to express the acidity or alkalinity of a solution on a scale from 0 to 14, where less
than 7 represents the degree of acidity, 7 represent neutrality, and more than 7 represents the degree of
alkalinity .
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TABLE 6.2.2

RAW MATERIALS USAGE AND ASSIGNED EFFLUENT FLOW

PER TONNE OF SAND-LIME BRICK

tonnes of lime/tonne of bricks 0.06
tonnes of aggregates/tonne of bricks 0.94
liters of lime plant water / tonne 197.73
liters of quarry water /tonne 109.65
liters of stormwater / tonne 0.21
liters of aggregate quarry water / tonne 220.79
liters of sand-lime brick process water / tonne 12.5
total liters/tonne of bricks 540.87
total liters/m3 of bricks 1116.36
total liters/1000 CB25 bricks 2229.53
total liters/1000 ES26 bricks 1599.64
total liters/1000 VB31 bricks 2017.23

Table 6.2.3 presents the fina estimates of weighted average effluent characteristics per liter of
effluent flow for calcium glicate brick. These estimates were derived by combining the relevant
datafrom Table 6.2.1 with adjustments to reflect the product formulation from Table 3.1.

TABLE 6.2.3
WEIGHTED AVERAGE EFFLUENT OF SAND-LIME BRICKS

pH 8.09
[mg/L of effluent]

Suspended Solids 48.2255
Aluminum 0.2111
Phenolics 0.0033
Oil & Grease 1.4435
Nitrate, Nitrite 0.7433
DOC 1.4542
Chlorides 278.0028
Sulfates 82.4274
Sulfides 0.0084
Ammonia, -um 0.2855
Phosphorus 0.0016
Zinc 0.0000

* DOC - Dissolved organic compounds
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Combining the pollutant estimates from Table 6.2.3 with the flow estimates from Table 6.2.2 yields
the effluent estimates per unit of sand-lime brick production shown in Table 6.2.4 (in tota as wdl
as broken down to the individud effluent sources), expressed in grams per tonne of bricks. In
Table 6.2.5 the total weighted average effluent is further expressed in grams/m3 and grams per
1000 CB25, ES26 and VVB31 sand-lime bricks..

TABLE 6.2.4
WEIGHTED AVERAGE EFFLUENT FROM SAND-LIME BRICK PRODUCTION
[G/ITONNE OF BRICKS]

lime plant quarry storm aggregate brick total
water water processing
Suspended Solids 11.6740 11.3704 0.0293 1.9164 1.0938 26.0839
Aluminum 0.0308 0.0834 0.0000 0.0000 0.0000 0.1142
Phenolics 0.0004 0.0014 0.0000 0.0000 0.0000 0.0018
Oil & Grease 0.2783 0.1943 0.0001 0.2142 0.0938 0.7808
Nitrate, Nitrite 0.0839 0.3178 0.0004 0.0000 0.0000 0.4020
DOC 0.5138 0.2727 0.0000 0.0000 0.0000 0.7865
Chlorides 8.8810 141.4487 0.0346 0.0000 0.0000 150.3644
Sulfates 20.6767 23.8712 0.0348 0.0000 0.0000 44,5828
Sulfides 0.0006 0.0040 0.0000 0.0000 0.0000 0.0046
Ammonia, -um 0.0000 0.1544 0.0000 0.0000 0.0000 0.1544
Phosphorus 0.0000 0.0009 0.0000 0.0000 0.0000 0.0009
Zinc 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

* DOC - Dissolved organic compounds

TABLE 6.2.5
WEIGHTED AVERAGE EFFLUENT FROM SAND-LIME BRICK PRODUCTION

CB25 ES26 VB31
[g/tonne of g/m3 9/1000 bricks 9/1000 bricks g/1000 bricks
bricks]
Suspended Solids 26.0839 53.8371 107.5201 77.1432 97.2819
Aluminum 0.1142 0.2356 0.4706 0.3376 0.4258
Phenolics 0.0018 0.0037 0.0074 0.0053 0.0067
Oil & Grease 0.7808 1.6115 3.2183 2.3091 2.9119
Nitrate, Nitrite 0.4020 0.8298 1.6572 1.1890 1.4994
DOC 0.7865 1.6234 3.2422 2.3262 2.9335
Chlorides 150.3644 310.3521 619.8153 444.7035 560.7960
Sulfates 44.5828 92.0189 183.7743 131.8539 166.2752
Sulfides 0.0046 0.0094 0.0188 0.0135 0.0170
Ammonia, -um 0.1544 0.3188 0.6366 0.4568 0.5760
Phosphorus 0.0009 0.0018 0.0035 0.0025 0.0032
Zinc 0.0000 0.0000 0.0000 0.0000 0.0000

* DOC - Dissolved organic compounds
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6.3 Concrete Masonry Brick
6.3.1 Three Sources of Effluent

In comparison with other concrete products, concrete masonry products use reatively small
amounts of water. Even they, however, contain about 3% by weight of mix water. In addition, water
is used extensively in concrete operations for housekeeping and equipment clean up.l Water use
and management is discussed in detall in Section 12 of the ATHENA™ Cement and Concrete
study.!

Use of water in concrete processing and in production of its constituent raw materials result in
some effluent. Effluent from the following three sources were combined to estimate tota effluent
associated with concrete production:

* effluent from cement production;
» effluent from aggregate production; and
« effluent from concrete manufacturing.

There are three specific environmental concerns regarding effluent from concrete production
facilities:
* pH: HighpH istoxictofish. A pH of 9.0-9.5islikely harmful to salmonid fish, and a
pH >10 will kill salmonid fish in minutes.

* Total suspended solids (TSS): High TSSis harmful to fish, contributes to oxygen
depletion, may contain leachable toxic substances, and can destroy habitat.

 Oil and grease: Oil and greasein effluent typically arises from mechanical equipment
and istoxic to aguatic organisms. Thelevel of concernis highly variable with species.
Crude ail, for example, is extremely toxic at 0.3 mg/L.

While the above issues are mainly of concern in the ready mixed concrete plants due to their higher
water consumption, they are also valid for any other concrete products, including concrete brick and
cement mortar.

Effluent from cement production, aggregates extraction and processing, and concrete processing
were discussed respectively in Sections 6.0, 14.1 and 14.2 of the ATHENA™ Cement and Concrete
studyl. We will, therefore, limit ourselves here to the summary tables of effluent from the above
three sources only, referring the parties interested in more detail back to that study.
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TABLE 6.3.1
EFFLUENT DUE TO PRODUCTION OF CEMENT
(G/ITONNE OF CEMENT)
Cement Plant Quarry water Stormwater Total

(wght. avg.) (range) (wght. avg.) (range) (wght. avg.) (range) (wght. avg.)
Suspended
Solids 118.73 19.52-200.05 93.16 15.17-363.46 0.72 11.13-81.6 212.61
Aluminum 0.48 0.04-1.08 0.30 0.00-0.53 0.78
Phenolics 0.01 0.00-0.01 0.01 0.00-0.02 0.00 0.00 0.01
Oil & Grease 4.27 1.63-6.65 2.55 0.25-12.21 0.00 0.00-0.52 6.83
Nitrate, Nitrite 1.41 0.28-3.10 3.93 0.23-11.09 0.01 0.15-0.97 5.35
DOC* 8.16 0.30-14.67 4.34 0.09-16.63 12.49
Chlorides 137.06 39.5- 353.0 521.87 18.01-1247.5 1.04 2.37-85.50 659.97
Sulfates 253.62 46.0- 868.1 303.82 60.2-1027.6 1.05 3.57-83.03 558.49
Sulfides 0.01 0.00-0.09 0.05 0.00-0.33 0.06
Ammonia, -um 0.86 0.09-1.83 0.86
Phosphorus 0.00 0.00-0.01 0.00
Zinc 0.01 0.00-0.11 0.02 0.00-0.18 0.02
* DOC - dissolved organic compounds
Notes: Calculations assume 59.2% industry utilization ;

Cement plant and quarry water data are based on 365 days/year;
Stormwater data as per occurrence, assumed 7 occurrences per year.
TABLE 6.3.2
EFFLUENT DUE TO PRODUCTION OF CEMENT
(MG/L OF EFFLUENT)
Cement Plant Quarry water Stormwater
(wght. avg.) (range) (wght. avg.) (range) (wght. avg.) (range)

Suspended Solids 59.04 10.34-150.89 103.70 24.68-219.22 137.62 32.09-249.27
Aluminum 0.16 0.05-0.29 0.76 0.00-1.66
Phenolics 0.00 0.00-0.01 0.01 0.00-0.03 0.00 0.00-0.01
Oil & Grease 1.41 1.18-2.41 1.77 0.89-3.07 0.67 0.00-1.49
Nitrate, Nitrite 0.42 0.00-0.57 2.90 0.27-6.76 1.96 0.42-5.26
DOC* 2.60 0.45-5.00 2.49 0.27-4.68
Chlorides 44.92 14.51-134.57 1290.03 17.41-3930.89 162.55 12.78-262.10
Sulfates 104.57 20.14-584.81 217.71 81.48-331.77 163.59 19.28-239.39
Sulfides 0.00 0.00-0.02 0.04 0.00-0.10
Ammonia, -um 1.41 0.31-3.46
Phosphorus 0.01 0.00-0.04
Zinc 0.00 0.00-0.11 0.00 0.00
pH 8.30 8.25-8.41 8.21 7.79-8.88 8.84 8.13-10.5

* DOC - dissolved organic compounds

Notes:

Cement plant and quarry water data are based on 365 days/year

Stormwater data as per occurrence, assumed 7 occurrences per year
pH is the symbol used to express the acidity or alkalinity of a solution on a scale from 0 to 14, where less
than 7 represents the degree of acidity, 7 represent neutrality, and more than 7 represents the degree of

alkalinity .
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TABLE 6.3.3
EFFLUENT DUE TO THE PRODUCTION OF AGGREGATE

Units Average Range
pH 7.85 7.4-8.3
Suspended Solids [mg/L of effluent] 8.68 4.24-12.60
Oil and Grease [mg/L of effluent] 0.97 0.0-2.9
Flow [m3/day] 1016 40-2880

TABLE 6.3.4
EFFLUENT CHARACTERISTICS FROM CONCRETE MANUFACTURING

pH TSS Oil and Flow
[mg/L] Grease [L/m3 of concrete]
[mg/L]
Concrete Brick 8 87.5 7.5 12.5
Cement Mortar 8 87.5 7.5 25

TSS - total suspended solids

6.3.2 Estimate of Effluent for Concrete Brick Production

Our edtimate of total effluent from al stages of concrete brick production was derived by
combining the above estimates for cement and aggregate production and concrete processing. To
derivethetotas, wefirst had to estimate the total effluent flow from cement, aggregate and concrete
production for the concrete brick. The effluent characteristics could then be applied to the flow to
estimate total liquid effluent per m3 of concrete brick mix or, eventually, per 1000 bricks.

For acement plant, the weighted average effluent flow is about 3,295 litres per tonne of cement; for
quarry water, it isabout 1,827 litres per tonne of cement; and for stormwater, assuming an average
of seven storm occurrences per year, it is about 3.5 litres per tonne of cement.l For aggregate, a
weighted average discharge flow of 235 liters of effluent per tonne of coarse or fine aggregate was
estimated.!

The above estimates for effluent flows per tonne of cement and aggregate were then adjusted to take
into account the volumes of these materials used in the concrete masonry brick (from Table 3.1).
The resulting estimates of effluent flow per m3 of concrete brick were added to the effluent flows
from the concrete manufacturing step (Table 6.3.4) to derive the estimates of total effluent flows per
m3 of concrete brick shown in Table 6.3.5.
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TABLE 6.3.5

ESTIMATED EFFLUENT FLOWS FOR CONCRETE BRICK
(LITERS/M3 OF CONCRETE)

Cement plant water
Quarry water

Stormwater

Aggregate quarry water
Concrete process water
Total

715.11
396.56

0.77
456.61
12.5
1581.54

The first column of Table 6.3.6 presents the fina estimates of weghted average effluent
characteristics per liter of effluent flow for concrete masonry brick. Further, combining these with
the flow estimates from Table 6.3.5 yields the liquid effluent estimates per m3 of concrete and/or
1000 concrete bricks of various CSA types, as per Section 4.3.

TABLE 6.3.6

WEIGHTED AVERAGE EFFLUENT FOR CONCRETE MASONRY BRICK

Al A2 B1 B2

[mg/L of [g/m3] [9/1000 bricks]

effluent]
pH 8.15
Suspended Solids 55.9624 88.5070 86.2641 75.0059 136.1646 118.4832
Aluminum 0.2611 0.4129 0.4024 0.3499 0.6352 0.5527
Phenolics 0.0041 0.0065 0.0063 0.0055 0.0100 0.0087
Oil & Grease 1.4206 2.2468 2.1898 1.9040 3.4566 3.0077
Nitrate, Nitrite 0.9194 1.4540 1.4172 1.2322 2.2370 1.9465
DOC 1.7987 2.8446 2.7726 2.4107 4.3764 3.8081
Chlorides 343.8525 543.8179 530.0369 460.8626 836.6429 728.0025
Sulfates 101.9517 161.2412 157.1551 136.6451 248.0633 215.8516
Sulfides 0.0104 0.0165 0.0161 0.0140 0.0253 0.0221
Ammonia, -um 0.3532 0.5586 0.5444 0.4734 0.8593 0.7477
Phosphorus 0.0020 0.0031 0.0030 0.0026 0.0048 0.0042
Zinc 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

* DOC - Dissolved organic compounds
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6.4 Cement Mortar

Liquid effluent for the cement mortar was derived in a similar manner to that for concrete brick,
both being mixes containing cement, aggregate and water. Datafrom Tables 6.3.1 through to 6.3.4
are therefore equally applicable to cement mortar as wdl, and serve as a base for extrapolation of

effluent estimates for this product.

Using analogous methodol ogy, the following effluent estimates were devel oped:

TABLE 6.4.1

ESTIMATED EFFLUENT FLOWS FOR CONCRETE BRICK
(LITERS/M3 OF CONCRETE)

Cement plant water
Quarry water

Stormwater

Aggregate quarry water
Concrete process water
Total

1011.70
561.03

1.09
184.38
25
1783.20

TABLE 6.4.2
WEIGHTED AVERAGE EFFLUENT FOR

CEMENT MORTAR

[mg/L of effluent] [g/m3]
pH 8.22
Suspended Solids 68.3314 121.8484
Aluminum 0.3276 0.5841
Phenolics 0.0051 0.0092
Oil & Grease 1.5622 2.7857
Nitrate, Nitrite 1.1536 2.0571
DOC 2.2569 4.0245
Chlorides 431.4521 769.3644
Sulfates 127.9249 228.1154
Sulfides 0.0131 0.0233
Ammonia, -um 0.4431 0.7902
Phosphorus 0.0025 0.0044
Zinc 0.0000 0.0000

* DOC - Dissolved organic compounds

While the above effluent estimates are tabulated in grams per m3 of cement mortar, if desired they
can be multiplied by appropriate factors, such as those in Table 4.4.3 for typical concrete masonry
bricks, to estimate effluent discharges associated with the cement mortar use expressed per 1000

bricks of the given size at the typical 10 mm (3/8") mortar bed thickness.
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7.0 SOLID WASTES

This section addresses solid waste produced by the respective brick industries, including off-
specification products, equipment cleanout residues, sediment residues from wastewater treatment
systems, and al so wastes associated with cement and aggregate production where applicable.

7.1 Clay Brick

In extracting clay or shale, overburden, top soil and subsoil have to be removed before a new quarry
can commence operation. Theindustry survey indicates that up to 0.2 tonnes of such materids are
generated per tonne of extracted clay / shale.8 While some soil can be resold, in modern operations
it isstockpiled for eventual open pit reclamation and is not considered waste.

In the clay brick industry, al off-specification green brick is recycled back into the production.
Most of the finished ware that is either damaged in the processing, handling or transport, or does
not meet specifications, can aso be recycled back into the raw materias, perhaps to the tune of 4 to
8% by volume of the total raw materials.” If not recycled back into production, such solid waste is
landfilled. Another source of solid waste isthe udge settled at the bottoms of the effluent settling
ponds, which isonly rarely reused in the production, and is usually landfilled.

The industry survey8 indicates that the solid waste not recycled back into production equals 11.352
kg/tonne of bricks produced. Table 7.1.1 also provides the solid waste estimate per m3 of finished
bricks and per 1000 of the most typical Canadian bricks.

TABLE 7.1.1
SOLID WASTE DUE TO CLAY BRICK PROCESSING

Clay Brick [kg/tonne] 11.3520

[kg/m3] 16.3015
Ontario [kg/1000 bricks] 21.2500
Metric Modular “ 15.8891
CSR “ 23.6209
MAX “ 29.7873
Metric Closure “ 25.0880
Metric Jumbo “ 38.2923
Engineer Norman “ 29.7829
Metric Norman “ 24.2518
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7.2 Calcium Silicate Brick

The lime manufacturing process, smilarly to cement processing, generates lime fines. However, in
comparison with production of cement, which generates a significant volume of cement kiln dust
(CKD), aportion of which cannot be reused or recycled and therefore is considered solid waste
(Section 7.2.1 of the Cement and Concrete study?), lime fines volume is rdatively smal, and in the
recent years, industry found markets for them. 1n our discussion with the Canadian lime producers
during the recent surveyS, al of them indicated that lime fines are sold and fully utilized by the
paper, chemical and mining industries, in agricultural applications, as well as in waste management
(solidification and stabilization) and water treatment. Thereisno waste lime dust. However, as the
fines quantities are not significant, we made no co-product allocation for them.

That leaves in our discussion of solid waste from the sand-lime brick only one source, off-
specification products and a small amount of wastes from sand-lime mix processing, such as mixer
washout residue and sludges from settling basins.  While we lack the specific information
pertaining to waste solids generated in the sand-lime brick processing, due to the process similarity
to that of concrete brick forming, curing and drawing, we assume that solid waste estimates
devel oped for concrete products?, as applied to concrete masonry brick (discussed in Section 7.3 of
this report), are also applicable to the sand-lime brick. That estimate comes to 2.59 kg/m3. Table
7.2.1 shows this solid waste estimate expressed a so per tonne of bricks and per 1000 CB25, ES26
and VB3L1 types of sand-lime bricks.

TABLE 7.2.1
SOLID WASTE DUE TO SAND-LIME BRICK PROCESSING

Sand-Lime Brick [kg/m3] 2.5900
[kg/tonne] 1.2548

CB25 Brick  [kg/1000 bricks] 5.1726

ES26 Brick [kg/1000 bricks] 3.7112

VB31 Brick  [kg/1000 bricks] 4.6800

7.3 Concrete Masonry Brick
7.3.1 Solid Wastes from Concrete Raw Materials

Solid wastes generated in the production of cements were discussed in some detail in Section 8.0 of
the ATHENA™ Cement and Concrete study.2 As noted there, solid wastes associated with the
cement industry include waste from the extraction of raw materials, cement kiln dust (CKD)
generated during cement pyroprocessing, and spent refractory bricks (SRB) from rotary cement
kilns. Of these solid wastes, only CKD is generated in significant volumes, and as such is
addressed in our estimates. An abbreviated version of unit factor estimates for discarded waste
CKD in the six specified metropolitan areasis shown herein Table 7.3.1.



The Athena™ Project:
Life Cycle Analysis of Brick and Mortar Products 7-3

Taking into consideration the tonnage of cement per m3 for the concrete masonry brick (as well as
of cement mortar) asgivenin Table 3.1in Section 3, the following estimates of waste solids due to
cement production were developed (Table 7.3.2).

Table 7.3.1
CEMENT KILN DUST (CKD) DISCARDED AS SOLID WASTE

Region City Waste CKD
[kg/t of cement]

West Coast Vancouver 15.50

Prairies Calgary 7.47
Winnipeg 7.47

Central Toronto 10.87

East Montreal 21.90
Halifax 16.30

Table 7.3.2

SOLID WASTE DUE TO PRODUCTION OF CEMENT PER UNIT OF
CONCRETE PRODUCT

Vancouver Calgary Winnipeg Toronto Montreal Halifax

tonnes of
cement/m3
of concrete

[kg/m3]
Concrete Brick 0.2170 3.3635 1.6210 1.6210 2.3588 4.7523 3.5371
[kg/1000 bricks]
Al Type 3.2783 1.5799 1.5799 2.2990 4.6319 3.4475
A2 Type 2.8504 1.3737 1.3737 1.9990 4.0274 2.9975
B1 Type 5.1746 2.4938 2.4938 3.6289 7.3112 5.4417
B2 Type 4.5027 2.1700 2.1700 3.1577 6.3618 4.7351

Sand and gravel or crushed stone are the two major components of the aggregate materias that are
used with Portland cement to make concrete brick. Sand, together with cement and water, form
cement mortar. The aggregate materias are usually quarried from surface deposits and require
washing, crushing and size separation. However, the rock, gravel or sand isthen used in its entirety
and there is no further separating, refining or smelting. As a result, there is little solid waste other
than mine spoil (rock materia that is not used but is moved to get to the desired resource).
Extraction of minera aggregates from pits and quarries results in little environmental
contamination3, although the degree of land disturbance can be substantial.
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7.3.2 Solid Waste due to Concrete Processing

Solid wastes from concrete processing include mixer washout residue, sludges from settling basins
and ponds, and off-specification products. In the case of the concrete brick industry, most of the
waste solids and off-spec material is reprocessed to product aggregatel.

The manner in which waste solids from concrete production was estimated is discussed in detail in
Section 15 of the ATHENA™ Cement and Concrete study.?2 It was based on rather limited
information available for ready mixed concrete production in British Columbia®>. Based on that
information, and taking into consideration that precast materials production, including that of
concrete brick, isessentially a factory operation with more process control, we estimated that solid
waste due to concrete processing (mainly equipment washout) issimilar to that for the central mixer
of aready mix operation: i.e., 2.59 kg/m3 of concrete.2 The same number is also taken for cement
mortar.

Based on these edimates, Table 7.3.3 summarizes estimates for solid waste from concrete
processing. Inthe absence of data for regions of the country other than British Columbia®s, it is
assumed that similar amounts of solid waste are generated in concrete producing facilities in other
areasaswell.

TABLE 7.3.3
SOLID WASTE DUE TO CONCRETE BRICK PROCESSING

Concrete Brick [kg/m3] 2.5900
Al Type [kg/1000 bricks] 2.5244
A2 Type “ 2.1949
B1 Type “ 3.9846
B2 Type “ 3.4672

7.3.3 Concrete Products Solid Waste Summary

Asdiscussed above, solid waste due to the production of concrete brick comes primarily from two
sources. from the processing of concreteitself, and from cement kiln dust, a solid waste generated
in production of cement. Table 7.3.4 presents asummary of total solid wastes, as developed in the
abovetables.
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TABLE 7.3.4
ESTIMATED TOTAL SOLID WASTE DUE TO CONCRETE PRODUCTION

Vancouver Calgary Winnipeg Toronto Montreal Halifax
[kg/m3]
Concrete Brick 5.9535 4.2110 4.2110 4.9488 7.3423 6.1271
[kg/1000 bricks]

Al Type 5.8026 4.1043 4.1043 4.8234 7.1562 5.9718

A2 Type 5.0453 3.5686 3.5686 4.1939 6.2223 5.1925

B1 Type 9.1592 6.4784 6.4784 7.6135 11.2958 9.4263

B2 Type 7.9699 5.6372 5.6372 6.6249 9.8290 8.2023

7.4 Cement Mortar

Solid waste estimates associated with production of cement mortar were developed in Section 15 of
the ATHENA™ Cement and Concrete study? in asimilar manner to that for concrete brick described
above. Tables of solid waste estimates due to cement contained in cement mortar, due to Cement
mortar processing, and their sums are given below.

Table 7.4.1
SOLID WASTE DUE TO CEMENT CONTENT IN CEMENT MORTAR

Vancouver Calgary Winnipeg Toronto Montreal Halifax
tonnes of
cement/m3
of mortar
[kg/m3]
Cement Mortar 0.3070 4.7585 2.2933 2.2933 3.3371 6.7233 5.0041

Table 7.4.2
SOLID WASTE DUE TO CEMENT MORTAR PROCESSING

Cement Mortar [kg/m3] 2.5900
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Table 7.4.3
ESTIMATED TOTAL SOLID WASTE DUE TO CEMENT MORTAR PRODUCTION

Product Vancouver Calgary Winnipeg Toronto Montreal Halifax

Cement Mortar [kg/m3] 7.3485 4.8833 4.8833 5.9271 9.3133 7.5941

7.5 The Use of Wastes in Brick Processing

As dready noted, if new clay brick does not meet the manufacturer’s standards, it can easlly be
recycled through an inexpensive crushing process. Crushed brick is reground to manufacture new,
quality brick.

In addition to using its own solid waste and recycling off-specs brick, the clay brick industry has
the capability to use some other solid wastes as well. According to BIA, for example, sludge brick
can be produced from sewage sludge and normal brick-making materials. The end product is brick
with no decrease in materia properties. Contaminated soils can be combined with clay to yield a
quality brick completely free of hydrocarbon contamination. To prepare contaminated soil for brick
making, it is fired at temperatures exceeding 925°C for 12 hours. Materials containing various
petroleum products, hydraulic fluids, transmission fluids, lubricating oils, naphthalene and mineral
oils and spirits can thus be recycled into bricks, while at the same time saving the environment from
contaminated waste dump sites.? While the use of the above wastes in the brick-making process is
feasible, at thistime thisis not often practiced.

Possible reuse of a wide range of industrial and urban wastes by the clay brick industry were
recently reviewed elsewhere, t00.10 A substantial amount of research, most of it concentrated in the
1980s, demonstrated the practical application of this type of reuse with environmenta and
technologica advantages. The best prospects concern the materials which arerich in organic and/or
carbonaceous substances, since their combustion during the firing stage can provide significant
energy savings. Dueto the great variety of waste composition, however, great care has to be taken
in ascertaining the suitability of the specific waste to prevent negative effects on the plasticity of the
green bricks and porosity and mechanical properties of the finished ware. This review10 concludes
that although the recycling of urban and industrial wastes into clay bricks is theoretically feasible,
often it is not economically advantageous due to the high transport costs of wastes, and the costs for
additional testing of both finished product and flue gas emissions.

More often than in the clay brick industry, the above noted wastes, as well as rubber tires, are used
aswaste-derived fuels in the cement manufacturing process. The cement and concrete industry is
also using industrial by-products such as fly ash and blast furnace slag in the production of cement
and concrete products. Such practices were discussed in more detail in Sections 7.3 and 10.2 of the
Cement and Concrete study.?
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APPENDIX 1

Throughout the report, we reported al energy usage, emissions, effluent and solid waste in
appropriate units per tonne or m3 of finished brick, or per 1000 units of various clay, cacium
dlicate, or concrete bricks. In some cases, reader could also be interested in the unit factors
expressed per square foot or square meter of wall. The appropriate number of bricks per single
wythe wall unit areathat can be used to calculate energy inputs and environmental outputs from data
in the study are given in the tables below:

TABLE Al1: CLAY BRICK USAGE PER WALL UNIT AREA

number of bricks per sq. ft. number of bricks per m?2
Ontario 6.0 64.5
Metric Modular 7.0 75.0
CSR 4.9 52.0
MAX 3.9 42.0
Metric Closure 4.5 50.0
Metric Jumbo 3.0 33.0
Engineer Norman 3.9 42.0
Metric Norman 4.6 49.8

TABLE A2: CALCIUM SILICATE BRICK USAGE PER WALL UNIT AREA

number of bricks per sq. ft. number of bricks per m?2
Colonial - CB 25 3.66 40
Executive - ES 26 4.9 52
Vintage - VB 31 3.9 42.0

TABLE A3: CONCRETE MASONRY UNITS USAGE PER WALL UNIT AREA

number of bricks per sq. ft. number of bricks per m?2

“A” type cocnrete masonry unit 7.0 75.0
“B” type concrete masonry unit 4.5 50.0






