Contempra™ / Portland Limestone Cement (PLC)
and its use in Lower Carbon Intensity Concrete
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Cement Manufacturing

Lehigh Hanson
HAEIDELBERGCEMENT Group
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Quarrying Raw Materials Preparation Clinker Production Cement Grinding and Distribution

Limestone and small amounts The extracted materials are The materials are heated The clinker is stored and then finely ground.

of sand and clay are extracted, analyzed, blended with in a kiln reaching a Gypsum is added to control setting time,

usually from a quarry additional mineral components temperature of |1,470°C. along with supplementary cementing materials,

located near the cement depending on the type of The heat transforms the such as fly ash or slag, to obtain a fine powder

manufacturing plant. limestone available, and finely materials into a molten called cement, with the desired properties
ground for further processing. product called clinker, of strength and chemical resistance.

which is then rapidly cooled.

® Up to 15% unprocessed limestone finely inter-ground with

clinker to produce Contempra™ / Portland Limestone Cement.
Cement engineered for a better tomorrow
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Cement Manufacturing Process

> Thermal and chemical reactions

> Energy |ntenS|
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Cement and Concrete in BC

= Cement Manufacturing Plants
= Lafarge in Richmond and Lehigh Hanson in Delta

= Concrete Operations
= 135 ready-mixed concrete batch facilities
= 17 precast concrete producers

= Jobs and Investment
= More than 2000 direct and indirect BC jobs
= Over $3 billion of investment in the economy
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Contempra™ /PLC

» Background on cememt makmg

»What Is Conte ,1 a & Why use |t’?
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Contempra™ / Portland Limestone Cement / PLC ?

= Contempra™
= Portland-Limestone Cement or PLC

= CSA Cement Types
» GU — General Use Cement

> GUL — Portland-Limestone Cement

= EcoCem
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T Cement  Associuion me
NOg— - ComancHLimestone

A new category of cement js entering the Canadian Market.
Poﬂland-limcstone cement (PLC), used successfully in Europe
for over 25 Years, will be available in Canada in 2010.

What Is Portland—l.lmostona Cement (PLC)?

While regular portland cement May contain up to 50 limestone, PLC js man-
ufactured by intergrinding Portland cement clinker with between 69 ang

15% limestone. The clinker used to make PLC s the same clinker that js used
to manufactyre regular portland cement. The performance of ppc is depen-
dent on the high quality of the limestone. In recognition of this fact, lime-

stone used in PLC jg tested for calciym carbonate content, clay content and
total organic carbon content. The 159 limestone limit applied to PLC jn
Canada is wel| below the maximum limit of 35% permitted in European stan-
dards. PLC performance specifications are similar to those of regular portland
cement in that PLC mys

t meet the same Csp A3001 physical requirements as
regular portland cement.

The CSA A3001-08 Standard lists the four types of P,
4.1 Types

LC as follows,

Portland Bleaded hydrulic l'nnlnudJlmmmv
Lement type fement typer

Lement typed; Namey

au Gllb GIL Goneral gse coment

MS Msb - Moderate sulphate-resstant cement
M M MHL Maderate hieat of hydeation coment
HE HEh HEL Hgh early-strongth coment
IH IHh LH Low heat of hydration cermpry
HS Hsh = High Silphate. redstyng cemmnt

*The surfi 'b'mdkmnmmmnaﬁm

17he wuttix 1= ot
#
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Anew category of cement js
Portland-limastone cemen
for over 25 years, will be avaj)

What Is Portland—l.imaston 1
While regular portland cement

ufactured by intergrinding -_ i CE M PL C

total organic carbon content.

Canadaisweubelowthemaxi ECOCGmPLC ’S here’
dards. PLC performance specifi

i PLC must meet . ,
:ee;?janrt;;zr;?:r:d cer:'ent EcoCem ‘PLCis Lehrgh 'S Portlan

The CSA A3001-08 Standarg i Cement that Mmeets CSA

4.1 ] )
The naming peactice for portiand ¢ : - : d a-lower
shall be as tollows

ment reduces
Ble, chedd By el v

:::::‘;‘,’m P iy *Nhouse emjs: Supports oy local

Glb €conomy at the Same time.

Msb
M Mt
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. B" Indicates that oy
1% m 1= indicates that thy
Fhortiond-Imextone cements shy
defined in Toue MCAN{CSM
§5¢e Aniex C far nformation af

The EcoCem ‘PLC Advantage

Lehigh Cements Commitment to Susrainability Groen Bui!ding and LEEp®
Lehigh Cement is Committeq 1o de!wermg Sustainable py; ding
Matengals which posit ely cont,

British Co!umbrs has ap Praved the use of Portlang Im:—smne

ite to the welfarg of Sociaty Cement in jtg builg g Code. The ouuorlum:v now exists to
and to the env Tonment — dur Nng an

d after oy, lifetime Cement be on the leading edge of 5, Stainable Construction by using
ICrete Products dlready contributa to Sustainable build ngs EcoCery PLC, an en-.m-onnver!a”-,' ‘nmdl',f cement for Concrete
J ::mmuv‘nm-; across British Columbla CU"c'etE Structures ﬂfﬁd.d:x‘l.’)n, In ca"mlna,‘lon with

able valememary

are safg :rgv»cfﬂuem_ durable and Cost-effe, tive Cementing Materials tSC.‘-.-?sﬁ, EcoCemy Ows the Production
As the next stepin itg Commitman 1 Sustainability, Lehigh of concrete with the lowest carbon footorint possis €.

Cement has developeg E:oCem“PLL‘, anew por tand limag; There are Currently g LEEp® Credits speg the use
of Fm(”ﬁm s ol hn\'.fevrfr T may Contribyte oward Points
ental impagt than normal Type Gu portlang Cement available jn LEED: Lanada NC 109 and 2009, Becayse 1tis locally

Manutactyrgy Ecc"(_'cm‘a:' drama:vca’!v reduces the em

Provides excellant uArfuvm.am but hag a lowe

environ,
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Lowe”“Q Emtssnons associated with the ransportation ofcemen:mg materials
Climate chaﬂge and clean ajr arg IMportant 1 the People of

Britigh Ccn‘unb,a and they arg 'Mportant to Lehlgh Cemem Perforrnance

The Process of Converting raw Mingrals into ¢ ement Produces The Performance of Ecchsmwu? 8 Similar 1o normal Type GU
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While regular portland cement CE M

ufactured by intergrinding port]

15% limestone. The clinker used P L C
to manufactyre regular portlan,
dent on the high quality of the
stone used in PLC jg tested for ¢
total organic carbon content.
Canada is wel| below the maxi
dards. PLC performance specifi
cement in that pLC must meet,
regular portland cement.

The CSA A3001-08 Standard |

EcoCem"'PLC is herel

4.1 Types

The naming practice for portland ¢ - A q c Cement
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What is Contempra™ ?

= Contempra is made by inter-grinding regular clinker with up to
15% limestone, while regular cement contains 5% limestone

= Contemprais afiner ground product than regular cement

Regular Portland Cement

® = ground clinker, precursor to cement
® = /imestone (5%)

Contempra / Portland Limestone Cement

* = finely ground clinker
* = finely ground limestone (15%)

“~%  Cement
Q‘ ofCanadgn



CSA 3000-

08

Defines Portland-limestone cement as a product

obtained by:

= Inter-grindi

ing portland cement clinker and limestone,

to which the various forms of calcium sulphate,

water, anc

processing additions may be added at the

option of t

Notes:

ne manufacturer.

(1) Limestone is designated with the suffix L. Its proportion is indicated in Clause 4.3.1.

(2) Portland-limestone cement may be produced by inter-grinding or blending, or a combination of both. The
attainment of a homogeneous blend, in the dry state, of any two or more fine materials is important.
Appropriate equipment and controls should be provided by the manufacturer.
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Contempra™ /PLC

» Background on cememt maklng

>What is s & why use it?
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Environmentat Product Declaration (EPD) Revized Version 1.1
GENERAL USE (GU) AND
POR’TLAND—LIMESTONE (GUL) CEMENTS

Cement Association of Canada

with CAN/CsAds0 14025 and has been verifieq by
Frangois Charron Doucet, Groupe AGECO,

E:mruu‘n:—rl!a

The EPD includes fife Cycle assessment (LCA) results Product

for the produycs stage or cradle-to-gate manufacture , Declaration
of GU ang GUL cements Qs produced in Canada by
CAC members in 20).4, 1+ i intended for business-to- 2o G"O'A"?c“;?ssj‘;'fo

> » < sased on Y JeO
business Communication. and Other Requirements
For more informafion about Cement Associafion of ;z;'an-'gmh;;.u.'ép{ : o

§ - m

Canada, please 90 to www.cemen La. 45357.943) Association

March 201620 g\‘ of Canada




Industry Average GU and GUL Cements Environmental Product Declaration (EPD) # 5357-9431

Cement Association of Canada

Table 3: LCA Results ~-Type GU one metric ton - absolute baziz

Al Raw A2 A3
Category Indicator Unit Total Material T o
Supply

TRACI v.2.1 Category Indicators

Global warming potential, GWP ko c{:eq. 9405 1?.‘ 9.0 913.5
Acidification potential, AP kg 3ye=a. a7 y 0.1 3.5
Eufrophication patential, EF kg Neg. [ (g 0.004 03
Smog creation potential, POGCP kg O3 eq. 629 2.6 22 58.1
Ozone depletion potential, JDP kg CFC-11 2g.| 7.8E-0& 1.7E-0& JBE-08 7.8E-06
Total primary energy consumption

Non-renewakble fossil, PENR-fossil MJ [HHY] LE94 258 122 .4 52138
Non-renewalle nuclear. PENR-nuclear MJ [HHY] 1) et} 1.5 5447
Renewakle [zolar, wind, hydroeleciric, .
and gecthermal), PER-HWIG MJ (HHV] 249 33 0:2 2165
Renswakle [bicmass), PER-biomass MJ [HHY] 481 453 0.03 279
Material resources consumpfion

Mon-renewalkle material resources, NEME kg 1490 1489.0 0.0002 0.6
Renswalkle materal resources, RMR kg 25 242 0.0013 1.3
Net fresh water, NFW 1793 116 1 1676
[Waste generated

Hozardous waste generated, HW kg 0.0% 0.004 o] 0.0%
Mon-hazardous waste gensrated, NHW kg 0.97 0.01 o 0.%6

Grou
r P Page 12 of 17
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Industry Average GU and GUL Cements
Cement Association of Canada

Environmental Product Declaration (EPD) # 5357-9431

Table 4: LCA Results - Type GUL one metric ton - absolute basis

Al Raw Az A3
Category Indicator Unit Total Material Transport |Manufacturing
Supply

TRACI v.2.1 Category Indicators

Global warming potenfial, GWP kg zeq. 855.4 17.4 a3 8279
Acidificafion potential, AP kg 30\3.4 j 0.1 3.2
Eutrophication potential. EP kg N 2ag. 0.38 0.05 0.004 0.3
Smog creation potential, POCFP kg O3 eq. E7.4 2.5 21 528
Ozone depletfion potential, ODP kg CFC-11 2q. | 7.0E-D& FE-0& 4E-08 7 2E-D6
Total primary energy consumption

Mon-renewable fossil, PEMNR-fossil M [HHV) 51 251 127 4747 .3
Mon-renewable nuclear. PENR-nuclear M [HHV) 555 a7 15 516.1
Renewakle [solar, wind, hydroslectric,

and geothermal], PER-HWSEG M (HHY] 37 3z 0z 204.7
Renswakle [biomass), PER-biomass M [HHY) 480 453 0.03 26.4
Material resources consumpfion

Mon-renewalble material rescurces, MRME] kg 1444 14432 0.0008 0.4
Renswakle materal resources, RMR kg 252 2492 0.0013 1.0
Met frash water, NFW 1672 1z 1 155%
[Waste generated

Hozardous waste generated, HW kg 0.0% 0.003 a 0.0%
MHon-hazardous waste generated, NHW kg 0.97 0.01 i} 0.96

CSA
Group

P

Page 13 of 17




Industry Average GU and GUL Cements Environmental Product Declaration (EPD) # 5357-9431
Cement Association of Canada

Table 3: LCA Results -Type GU one metric ton - absolute basis

Al Raw A2 A3
Category Indicator Wit Total Material .
Transpaort | Manufacturing
Supply
TRACI v.2.1 Category Indicators P
Global warmming potential, GWP ko Cﬂreq( 4.5 17.% 2.0 2134
Acidification potential, AP ko 302 eq. : 014 0.1 3.5
Et —— X - — —— —
S Industry Average GU and GUL Cements Environmental Product Declaration (EPD) # 5357-9431
Cement Association of Canada
Cizy
Totd Table 4: LCA Result: = Type GUL one metric ton - absolute basis
Mo Al Raw Az A3
o Category Indicator Uit Tatal h::;e;::l it T N ——
Ee [TRACI v.2.1 Caotegory Indicators /\
23 Global warming potential, GWP kg COzeqf | 8554 )1 7.4 23 527 9
Fe
Acidificatfion potential, AP kg 5307 =a. - 015 0.1 3.2
IMa
Eutrophication potential, EP kg M eaq. 0.38 005 0004 0.3
o fa] ation
imog creation potential, POCP kg O3 2q. 574 2.5 2 528 ada
Re COirone denleticon potentical, ODP ko CFRFC-11 aa. | F.0E-D& 1.7E-0& 1. .&E-082 T _TE-0i&
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CRMCA Member Industry-Wide EPD for Canadian

READY-MIXED CONCRETE

;
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Concrete EPDs

» Valid from January 6, 2017 to
January 6, 2022

| > Participation of all Provincial

associations, including BCRMCA
» 125 concrete mix designs!

» Both GU and GUL
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Table 8. Summary Results (A1-A3): 31-35 MPa ready mixed concrete product, per cubic meter

Indicator/LC] Metsic | WP oDp e | ep |eoce | eec MRE RE NEM AM cBw | cww ™ cHW | chHW
Unit [equivalent] c:gz kg CFC-11 5:;52 krf ;‘i Ml M Ml - ke m3 m3 m3 ke kg
Mlirimum 26028 | 369606 | 123 | 013 | 2207 | 255611 | 233842 | 20z2s | 2zasas | se1 016 FET) 085 038 [T
rE—— 19070 | 640606 | 195 | 020 | 3525 | 374569 | 341218 | 33373 | 257675 | ez | ois PET] 130 090 b1z
#39-35 GU with ir 0-14% FASSC 19070 | 537606 | 105 | 0.20 | 3525 | 374569 | 21216 | 33305 | 50902 | w082 | ous 011 130 087 512
£40-35 GU withaut sir 0-14% FA/SC ageel | 476608 | 189 | 017 | 2085 | 327046 | 200312 | 2sses | 257675 | oas 016 D14 120 087 005
#41-35 Industry Average Benchmark 21705 | 542606 | 185 | ods | 3337 | 35376 | 322988 | 30777 | 2e3mz0 | ass 016 0.1a 124 0.58 5.08
#42-35 GU with Sir 15-20% FA a56s | asseos | 176 | 018 | 3211 | 390638 | 310847 | 20781 | 220527 | s 016 014 131 087 007
#43-35 GUL with =i 15-20% FA 36281 | asee0s | 157 | 017 | 2756 | 322064 | 203663 | 20300 | 238881 | ass 016 014 117 087 a.07
#4435 BU without ir 15-29% FA 32787 | a3seos | 152 | 015 | 2820 | 299385 | 273306 | 25579 | 220000 | m1s 016 0.1a 112 0.36 50
#45-35 GUL without i 15-20% FA 31352 | 210606 | 137 | ote | 2438 | 282530 | 256354 | 25175 | 22570 | 522 016 014 108 036 501
#4635 GU with sir 30-40% FA 35383 | 23se06 | 156 | 01s | 2871 | 303014 | 278015 | 2s80s | 220308 | =ae 016 D14 112 036 o0z
#47-35 GUL with =ir 30-20°% FA 31382 | atoeos | 140 | o1s | 2481 | 238702 | 263306 | 25286 | 227088 | 235 016 014 108 0.36 5.0z
#45-35 GU without sir 30-90% FA 30500 | 3o0e0s | 137 | ote | 2535 | 26s5.42 | 246235 | 22316 | 230623 | 7oa 016 014 104 036 507
£48-35 GUL without sir 30-40% FA 17655 | 36oe0s | 123 | 013 | 2207 | 2sseat | 233maz | z1ev0 | 2zs3er | oo 016 D14 Lot 0.36 B.57
#50-35 BU with =ir 25-34% 50 36206 | 611r06 | 176 | 018 | 3087 | 322809 | 2a232 | 2s50s | 2327m0 | ses 016 0.1a 112 .50 502
#51-35 GUL with Sir 25-34% 5C 32035 | smseos | 150 | 017 | 2701 | 300043 | 283543 | 25000 | 231453 | ssa 016 014 108 0.90 5.0z
#52-35 GU without ir 25-34% 5C 31450 | s3se0s | 153 | 016 | 27.16 | 288204 | 263375 | 22820 | 222543 | 720 016 014 104 0.9 507
#53-35 GUL without i 25-34% 50 25521 | siseos | 133 | o1s | 2382 | 273567 | 2s11e0e | zzass | 2e13zs | 7as 016 014 101 .53 587
#54-35 GU with sir 35-50% 5C 32077 | Gaoeos | 168 | 01 | 2511 | 305066 | 281300 | 23762 | 225530 | 7sa 016 014 104 0.90 598
#55-35 GUL with sir 35-50% 5C 19071 | 613606 | 158 | 017 | 2577 | 292002 | 2sesaz | z3100 | 2zasas | se 016 D14 Lot 0.90 558
#56-35 BU without sir 35-50% 5C w0578 | sezeos | 147 | o1s | 2569 | 269519 | 22908 | 20521 | 23ss00 | sex 016 0.1a 083 0.9 E5a
#57-35 GUL without sir 35-50% 50 26020 | 542606 | 135 | 015 | 2268 | 258564 | 238361 | 20224 | 235237 | ses 016 014 0.5 .29 B0
Cortified

pagel9
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Table 8. Summary Results (A1-A3): 31-35 MPare

Table 8. Summary Results (A

Indicatar/LC] Mesr
Unit leguivale

Minimum

Maximum

#39-35 GU with ir D-14% FA/SC
f40-35 GU withouwt air 0-14% FA/SSC
#41-35 Industry Average Benchmark
#42-35 GU with 2ir 15-25% FA
AA3-35 GUL with zir 15-26% FA
f44-35 GU withouwt air 15-29% FA
A45-35 GUL without air 15-29% FA
f46-35 GU with air 30-20% FA
#47-35 GUL with air 30-20°% FA

A45-35 GU without air 30-40% Fa

F48-35 GUL without air 30-40% FA
#50-35 GU with air 25-34% 5C
F51-35 GUL with air 25-34% 5C
F52-35 GU without air 25-34% 5C
#53-35 GUL without air 25-34% 5C
#54-35 GU with air 35-50% 5C
F55-35 GUL with air 35-50% 5C
#56-35 GU without air 35-50% 5C

A57-35 GUL without air 35-50% 5C

pagel9

Indicator/LCl Metric

Unit (equivalent)

ODP

kg CFC-11

Minimum

3.69E-06

Maximum

6.40E-06

#39-35 GU with air 0-14% FA/SC
#40-35 GU without air 0-14% FA/SC
#41-35 Industry Average Benchmark
#42-35 GU with air 15-29% FA
#43-35 GUL with air 15-29% FA
#44-35 GU without air 15-29% FA
#45-35 GUL without air 15-29% FA
#46-35 GU with air 30-40% FA
#47-35 GUL with air 30-40% FA
#48-35 GU without air 30-40% FA
#49-35 GUL without air 30-40% FA

5.37E-06
4.76E-06
5.42E-06
4.88E-06
4.59E-06
4.35E-06
4.10E-06
4.36E-06
4.10E-06
3.90E-06
3.69E-06




Calculation of CO, Reduction

= For example:
= GU =403.68 kg CO, / cubic meter of concrete
» GUL = 362.81kg CO, / cubic meter of concrete
= Reduction of 403.68 — 362.81 = 40.87 kg CO, per cubic meter

= Using 30,000 m3 of GUL / PLC / Contempra/ EcoCem concrete:
= 30,000 m3 x 40.87 kg CO,/m3 = 1,226,100 kg = 1,226 tonnes CO,
= Equivalent to taking 260 cars* off the road for a year!

*US EPA: one car generates 4.7 metric tonnes of CO, per year

Cement
Association
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Why should we use Contempra™ /PLC?

» Can reduce GHG emissions by 1 million tonnes of
CO, (eq) per year across Canada

» Equivalent to taking 210,000 cars off the road or
the planting of 25 million trees a year

= Contempra reflects the industry’s continued
commitment to sustainable development and a
better environment

Cement
Association
CA\ = ofCanada



Contempra™ /PLC

» Background on cement making
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Extensive Research and Testing
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1: Literature Review

2. Prototypes and Trials

Portland-Limestone
Cement: State-of-the-Art Report and
Gap Analysis for CSA A 3000

by R, [, Hooton, M. Mokken, and M. L. A, Thomas

3: Extensive Testing
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1. Literature Review, May 2007

» Results reported in the literature appeared to be
affected by the quality and particle size distribution
of the limestone

= Variances also resulted depending on whether the
limestone was inter-ground, blended, or added at
the mixer

* Proper interpretation of the data was carried out to
fully investigate these effects
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2. Prototypes and Trials

= Various Canadian cement companies produced
prototypes of Contempra cement at their plants

= Chemical and physical analyses were
performed with those products

= Concrete performance and durability tests were

carried out at universities and CAC member
companies
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3. Extensive Testing

= Tests carried out with Canadian materials confirmed
findings of the literature review and European
experience

= After optimization, the prototype concrete
demonstrated equivalent strength to that achieved
with regular cement

= Field trials in the climates of Ontario, Quebec and
Nova Scotia over two winters established that
Contempra produces concrete with a durability
equivalent to that from regular cement
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Adopted in Canadian Building Codes

= |ncluded in CSA A3001 and A23.1 standards under the
name Portland-limestone cement, and referenced in the
2010 National Building Code of Canada

= Approved for use in British Columbia, Manitoba,
Ontario, Quebec and Nova Scotia

= Not yet used in high sulphate exposure environments,
but additional testing has been carried out and changes
to CSA requirements are pending
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Track Record in Europe

= Used in Europe for over 25 years in a variety
of applications and exposure conditions

= Knhown as Portland-Limestone Cement

= 20% limestone used In popular European
cement products

= Upto 35% limestone content is allowed

CONCRETE

even smarter than you think
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PLC in Public Sector Infrastructure

Promoting use of Low Carbon
and Renewable Materials
In Infrastructure

“Approving use of Portland-limestone cement in
public sector infrastructure. This material reduces GHG
emissions associated with existing cement manufacturing
by approximately 10 per cent, while producing concrete
with similar strength and durablllty This cement has been
popular in Europe for over 25 years now, but is new to
Canada.”

BC Climate Leadership Plan
August 19, 2016
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In conclusion, Contempra/ PLC:

Has an extensive proven track record

Can reduce GHG emissions by up to 10% when compared
to regular cement

Produces concrete with a equivalent strength and durability
to that made with regular cement

Included in the CSA cement and concrete standards
Avallable from local cement / concrete producers in BC

BC Public Sector should adopt PLC as the preferred option
for concrete infrastructure
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Thank you!
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Ken Carrusca, P.Eng.
Vice President, Environment & Marketing
Cement Association of Canada

KCarrusca@Cement.ca
(604) 839-6627
@KenCarrusca



