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Tir1 Brooke Date Thomas . Glora, PF. D. Date
ASTM Internatianal verifiec Incustral Ecology Censultants vertied

Product description and applicable standards

The areduct under evaluation is port ard camrent as defined by ASTM C219 aad speci‘ied in ASTIM C150, ASTM CZ157,
AASH™CO M 8> ar C5A A30NRT.

Abrydraulic cement praduced oy palverizing clinker, conssting eszentially of crysta I're hydrallic calcium silicates, and
usua ly conzaining one or more o the tellowing: water, calciumr =u fate, up to 5% limestone, and processing additions.
(ASTIM C219)

As a cerent categery poa-tland cements have various prepert’es, as “ollows:
Type - 1ormal, no specizl properties required

Type | —moderate sultate resistart

Type Il hizh eary strengtn

Type V —low aezt hydration

Type V  high sulfate resistance

Sorre cernenls are designaled wiln 2 combinec lype cassilicadon, zuch as Type 1/ 1, indicaling Lhal the ccmenl rrecls
the recuirements of the indicated types and iz being ofe-ed as suitable for use waen either type s desrac.

All cerent areducts are compased o specific cambinaticns of calcium, silica, iron and aluming and sn all gmeounts o
addilives W achicve adesiqed profile ef properlics (.., slrenglh, celor). Clinker, the prirciple ‘rlermediale
rianfactiuied product witkin cemert praduction, is typcally predaced from a combinatian at ingredients, includiag
lirmestone (fer calciun), coupled with =ma ler quantities of materals suck a5 clay, iron 9-¢, anc =znd (as sources of
alumina, irnn, and sil'ra, respertively). 50 corman are taeze bilding blacks t1at 2 wide variety at -aw materials are
suiLakle sources, and soma seu-ces, such clay and “ly ash, may provide miclliple ecaemical componerLs, Cemnenl plan.s
are increasingly turning to indust ial bypradurts that ot aerwise wonld se disrarded, nnce camplasirg detai ed analysas
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to determ’ne the effects of Jsirg 3 byproduct 91 tae manufactu-ing process, cemert pe-fo-maace znd facility emiss’ens.
2ortlard cenment is the basic ingredlent of concrete, Cencrete, one of the most w dely used canstruction materials inthe
worle, is formed when oortlanc cement creztes a paste with water that binds wit1 sard anc rock to ha-den.

The .5 industry average portland cement, as found hy t1is study, is 91.4% clinker by weight. "ahle 1 descriaes the
cerment’s caripasition by specitic material resources.

lahle 1, Material con pasizion of the U.S. indust-y overage parzland cemert

Cement ingredients” Portion of cemer : product (ay weight)
{linker 91.4%

Gypsum 5. 2%

Uncaltined limestone 2.7%

Other mate-izls <1.0% each

-t shaule be ~otec thaz whi e all partland cement products contain the Ingrecienz liszad abcve, the average cement production
thi.a cnrnpeded Tor Vhis TPD represends L weighiae verage e ol all roalerials By ol parlic’piling slinls. These calis shou d nal oe

interpreszd to meen t-at the constituent prope tions presentes i th's table is the ‘ermulazion tor o | port ¢nd core-t precucss,

Applicable Slandards:

ASTM C_30 / CL50M - 20 Slandzrd Specifica.ion for Parlland Cemernl.

ASTM C” 157 / C1137\1 = 29 Standard Performance Saecification for Hydrad lir. Ce nent.

AASHTQO M 83 20 S.ardard Specilicalion for Puillend Cerrenl [ASTV Dosignalion: C150 / CL5OM 20).
CSA AACOL1 - 13 Cementitio.s materials for use inconcrete.

Declared unit

The dedared unil lTor this sludy is Lthe praduction el ore me.ric lon (2 1) of porLland comerL awa'ling delivery Lo @
custarmer. The renmensis either par<aged and strred or pallats or housed unpackaged 'n zilas and -eary fa- bu k

Lrarnspurl.

System boundary

Life cycle stages

This EPD describes portland cement production from cradle-to-zate, as depicted v Figure L. This includes all modiles
(A1-A3) af the Procuctinn atage, s defined av the PCR. Specifically, Productior stage madules capture the followiag

aspects of t1e life cycle:
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e _xlracLion and arocessing al raw maleria s and packogng used Lo praduce ccmenl (AL);

o  Tiansporladon o raw maleria s and packeging rorm source Lo cemer produclon sile {A2);
s Consumption of enerzy and wzter required to prodace cemenz (A3);

e Im'ssonsand wastes penerated tfrem producing cenent(A3);

e  Transportazion o® wastes fro-n cement production to end-o*life (A3); and

e Ind-ot-li‘e 0* wastes gere-ated during cernent productior [A3).

The Conslruclion, Use and End-of-life stages re excluded (ron Lhe scope of the PCR and Lhere ore fror ke inpacl
results provided by this EPL,

Migure 1. Bouncary of the incustry-ave-age cement praduction pracesses.

Exclusions and cut-off criteria
Several ilerrs ere excluded [ron Lhe “orcaround life cycle invenloies (LCIs) used v Lhe LCA. These relale specilically Lo
operatians azcement productian plants:
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Copital equipment and infrastnicture. These are expected o cantribute negligibly (<Z%) to the tatal impzct at

cernenl produc.ior given Lhe leng lielire cf these ile-ns anc high ouloul of cement over s period.
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Personnel-reinted activities. suck as travel. furiiture and oice supglies. (E-erzy and water use related to on-site
office nperations, such Az conmpany ranagement and sales art'vities, are included.)
These two categories of items are included n upstrear processes (e.g., e ectricity generatior) where tiey a-e captu-ed
in the background data used in the 1 CA uacelying GCCA Indust-y FPI £anl.

Allocation approach

Allucalion clinvenla-y Mlows anc subseguently envirenmenlal irmpecl is re evanl when assels are stared belween
product systems. The a location methad aresc’ibec by the PCR is apalied in the Lnderlying LCA. The sua~<ategcry PCR
recognizes “ly ash, farnace hattam ash, avpass dust, mill sczle, pol uted soils, spe s catalyst, aluminur axide waste,
silica tume, granulated blast “urrace slzg, ran rich waste, cemre:kiln dast (CKD), tlue gas desulturization (FGD) gypsLm,
calcium Auaride <ich waste and pestcorsumer gypsum as recovered materials and thus, the envirgnmental imparcts
alluca.ed Lo these malerials are lirriled Lo Le lrealrmenl and Uanspo- aalior required Lo use as g cerren, nalerial inp ..
“urther, uzed tires, plast'cs, solvants, used oi and a’ly waste, coal/carben waste, raofng asphalt, aouzehold refuse-
durved wasle, hon hazardous Myuid wasle, induslria slocee, and agooallural waske are corsidered non rencwab ¢
and/or -enewable secondary tLe 5. Cn y the materials, water, enersy, em ssions, a1d other elementz| f ows associated
wiln reprocessing, handling, sorling and lransporlalion Trore the painl ol the geacroling irdustriol process Lo their ase 'n
the procuction process a-e considered. All erissions F-om combustion at the point ot use are corsidered. For co-
preducts, recredit is cansidered, and na allocation is applied, See the 1 CA amdel and 1CA database reports of the NA,
versicn af GCCA’s Industry Toal far EPDs cf cement and concrete tor mare intormat'en [1), [5].

Data Quality Requirements and Assessment
Technology Coverage

The ife cycle impact zs=essnent (LCIA) results presented in t1is EPD are calculated using an industry-average LCI o* LS
2CA members producing pertlend cement. The LCHis assemaled w th deta sharec by PCA menbars tarcugh a sLrvey
process carried cut in 2020 anc represents 2019 oaerat’ons. Primary (gate-to-gate activity) data we-e collected for
lirestaae quarrying, clinker arnductior and parrland cement manufacture. Data cnl ecrior and aggregztion netaods are

desc-ibec in the Portland Cement Asseciotion Life Cycle Invenrtory Summary Report, February 2021 [3].

P 2018, the US comentindustry ganerated 86,000,000 netric tans of portlaae cements [L3]. 11c LCI cataset captares
SG5.685,282 metric tens of PCA member praduction (as reportac by 56 alants) ar ahaut 6£2% et total induszry praduction
in 201Y%,

Clinke-. the main ingredient in conrent productior, can be praducec using ohe of & number of technolagics, or a
cembinztion of taese technologies. Te portland ce nent described by t1is EPD is preduced uader the profile of clinker
prodduction tochnalogles showin leble 2, Atata 0753 141,130 metric 2ons of dinker a¢ represented by tac overall

Trcarerbarss acses ot Preicat s cemant ST 2w oparatina nthe LA
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averzee industry dataset. It is estimated that i1 2019 78,000,000 metric tons o clinker was preduced in the U5 and
hence, the plant samiple represents abaut 68% of all US clin<er preduction [L37, The plant average raw meal to ¢l nker
ratio is 1.59. TFe averaze tota renewable and nor -renewable arimary eergy required to produce 2 metric ton of cl'nker
was calculated o be 3.88 GJ on a lower haating value aasis.

Tahle 2, Clinker production techrelogies applied 'n the making of the parsland cemert cescrihed by this FPD,

Clinker producLiaon Lechnaology Percenl ol cemanl produced by clinker Lachnalagy
Dry w th preheater anc precaleire: BE.5%

Dry w Lh prehealer 3.1%

Long dry 5.3%

Wet 0.6%

Other (other technology 97 2 comhination o technologies)' | 2.4%

“Reparlec gs long serni wel/semi dry lecnelogy.

Geographic and Temporal Coverage

The aortlanc cerment procuctian irparts est'maten by the CA -epresent cement pradur.ed 'n sha LS in 2079,
-oreground dale and assumplions rolecl equipmenl, arocesses, snd marke. condilions [or L year, Beckarourd
processes, suck as some ‘aw matarial aserat’ons and electrcity generation {se& helow), are characterized hy dzta that
represent US processes where informat on ls avellable, In cases where Us speclfle Infartratlon s not avallaale, the best
available alterrazive nformaticon is Lsed. Addizional deta’ls deser’bing the backzround data are prov'dec ir the LCA
model and LA database repert of the N.A. version of GUCA Industry LPDR Lael for cement and cancrete [S. ForegioLnd
data were collected for linestane cuzrryiryg, clinker procuctian znd Porzland cement manufacture. These data are
summarized in the Partland Cement Association Life Cvcle inveatory Summary Repert, | chidasy 2021 [3].

Electricity grid mix

zor cleclicly use rmudeling, the PCR requres Lhe use o subnalonel e ee.ricivy corsemplion LC s Ll cons der power
trading betw=en regicns. ~o do this, tha US EPN's eGrid 2018 data a-e Lsed, which identity grid rixes tor tan US regions
(NERC rcgions) anc considers -cgional lrading [14]. A weighled average ol Lhe NERC regivnal mixes is apalicd in Lhe LCA,
whe-e the weighting retlects t1e portion ot portland cemeart praducec in eacn regicn. The resulting g#id nrix usac in the
-CAIs skown In 1able 3,

Table 3. Gric mx Tor porlland cemenl produclicn descriaed by Lh's E=D.
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Lnergy source ForLion ol represenlal’ve grid mix
Gas 36.40%
Coaland peat 26.52%
Nuclear _8.01%
Hydro / 8L%
Wnd 5.33%
Solar Z.92%
Bicmass ~h5%
Oi O.71%
Geotaermal 0.53%
Wasta 0.12%
IDIAL —0Q%

Data Completeness, Consistency, Reproducibility
and Transparency

All inpuls {rew rmaledials, ancillary anc packaging ralerals, energy, and waler) and culpuls (ermissiors Lo ain, waler and
s0il, so0l'd a~d iquid wzste, products, co-preducts, anc by-aroducts) were collected, reviewed, senchmazrked and
modelec te cemplete LCI procuction profile for pas<land cemeqts. 1he completeness of the c-adle-to-gate pracess chain
in terms ot arocess szeps is rigo-ously assessed for all cernent tacilities.

Arcview uf the source of incividual inpul and oulpul dala (dirccl, indirecl, eslimale, vlher) sharee by parlicipaUrg
preduce s was canducted ard surrmarized 'n Appendix A, Partland Cement Assecintion | ife Cycle Inventory Summary
Repert, February 2021 [3].

To ensurce consislency, cross cheeks of ke energy cenund and Lhe caleulclee raw mica Lo clinker ralic ageinsl ronges
repartec ir the WBCED Cerment Sustainability Inrtiotive, Cement C0O2 ond Energy Pratocol, v3.1 Decenber, 2013 were
cenducted pe- 2ach cement facility [15], A “ull descriptian af the feregreund data cuality assessmentis provided in the
Portlord Cerment Assaciation Life Cycle Inventory Summory Report, Februsry 2021 |3]. Activizy LCl caza zre transparently
dizclesed inthe | Clrepert, ‘rouding all data sources, anc this way exterral reproducih’lity of the FPD results with the
GCCA Induslry EPD Tuu [fur cernenl and corc-cle is possiale [3], 4].
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The -najorizy of data descrbing cement manufacture {ircluding limeszone quarryiag ard cl'nker aroductior) iz based on
dirert measurements aad enginearing ralculatinns, as npaosed o aapreox maztiona. This is particula“ly true for f ows that

are the majo- contrbutors to rpact for cerent aroductior, rarme y clinker production.

ts10uld be 1otec thaz the data quality assessment here 'n covers on y limestone, cinker and cement procuction
inventa-ies (i.e., activity data). An eval. azion at the q.a ity at data used to model background processes (e.g., electricity
generation) has also been carried cut, and tac results are presented 1 the LCA model and LCA detabasc reoorts for the
N.A. varsian aof GCCA s Industry EPD Taaol for Cement and Concrete |4, [5].

Limitations

This FED reareserts average ‘ndustry performance for PCA mevibers producing gortland cements, It cons ders aqly
cernenl plants localed in Lhe US. Resalls may nol adecus Lely represenl cerenl aroduclior systerrs Lhal differ greally
frorm these captured by the data uzed in the underlying | CA.

This EFD is a ceclarztion of potential eqvironmental impact anc does not sJappo-“t or provide detinitive comparisons of
Lthe envitormenle] parformance o specific producls. Only CPD= pregwaied Ko credle o grave lile eycle resuls and
ba=ec on the sarme “unct’'cn and ~eterence service lite and quansitied by the same furctional unit can be used to 3ssis:
pur¢aasers ard users in making inforned camparizons betweear products,

The FPD provided Fe-ein and the uace-lying | CA canfaitn 1o the NSF Product Categary Rule for Preparing an
Envirormenlal Preduct Declaralion Jur Porlland, Blended Hydraulic, Masenry. Maorlar, and Plastic (Stuceo) Cemenls.
=POe nf portlaac cement taat fol nw a different PCR may ret ke conrparable.

-CIA resulzs are relative expressions and co not predicz imaacts o1 category endpeints, the exceed ng of th-eskclds,
salely merging o risks, FarLher, LCA ofTars a wide array al enviranmenlal impa<l ndicala-s, ard Lhis L2D reporls a
ccllection ot those, as soecitiec by the FCR.

r addition to the ‘mpact results, this =PD provides several metrics relsted to rescurce cansuription ac waste
generation. These data are informazational as thay do nat provide a measu-e of impact on he environment. Tu-ther, A
rummber of LCA imaucl calegorivs and nver Loty icers are slill energirg cr under ceveloprmenl and can aave tigh levels
of uncertainty t1at prerlude "nternat’onal acceptance peading furtaer cevelopment. L.se cautinn when irterpreting
resulls [or Lhese caccgaries —idenlifiad wilh an “*”in Taale 4.

Supplementary information regarding LCA methodology

Additional in“ormr ation -egarding databases and inpact methodologies used far carducting the LCA tar this EPD can be
faurd in the LCA core model ond LCA database reparts afthe NA. version of GCCA’s Industry LED [aol for Cement ancd
Concrete 1], [5).
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Life cycle assessment results

{
W TARNAT/IONAL

The cracle-zn-gate (A1 ta A3) FED results far pradurcing one nretric tor of parzland rement ae preserted in Tahle £.

Tahle 4. Fradurtian stage FPD results for portland cements.

Impact cateqory and inventory indicators Unit g:l';t:;li
1 melric ton

Global warrring patenzial, GW= 100, |2CC 2013 kg CO2 eq 919
Ozone depletion poter-ial, OC> g CFC-11ec  2.05E-05
Adidiici ion po enlial, A= ka3 SO» g 1.74
Eutrophication paten-ial, EP ke N eq 1.02
Srrog lormalion polen.ial, Sr> ka Qs eq 32.8B
Abivlic deple.ion po.enfial for nureloss| ne roral resou-ces. AJP clenients? ku Sb cq 1.56E-04
Abistic deplerion potential for fossil resources, ADJP “ossil” M. LFV 1365
Renewable pnmary resources used as an erergy camer (‘uel). R *R * M. LFV 138
Renewable primary resources wi h erergy conler . vsed as nale- 2|, RPRy MV 3.55
Norn-rceniewable primary resources used as an erergy carrier Cuel), NRPRg M. LFV 4361
Non-renewable primary resources with erercy conter: Laed sz mate-&l, N\RPRy* M. LFV 4,75
Secondary materials, SM* kg 95.8
Renewable secondary “ucls. XSF* M. LFV 54,3
Non+enewable secondary ‘Uels, NRE -~ M. LFV 523
Nc. use o” Teshwaler. NFW- m' 12
Hazardous waste dispesed, HWE* ka 0.013
Non-hazardols waste disposed, N-wWJ~ kg 523
Highdovel radicuclive was.e, ordiioned, (o1 2l repus ory, 1l RW kg x!

In envedia.e- and [owdoeve] radioaclive wiss.e, cora doned, le | -z] repos lory, | T RWH kq xt
Cotnponents “or re-lse, C " kg 0
Mazerlals tor recyding, VIFx* kq a,52
Ma erials for energy recovery. VIER* kg 0
Recaverad energy expor.ed ‘ot Ike produc. syslen, M~ M. | FV 1,04
Global warrring potencial - biogenic, CWP.;.™ kg CQ.. eq 0.34
Errlsalons “rore caleination™ kg CO, g 480
Freissions 1ot 2ombus ion ¢° wiss B 1o renewabie sources” kg CO, eq D.26a
ErrISsIons “Tore combustion o° waste “Tor non-renewshble soLrces® kg CO.. eq 51.1
Removals and errissions associated with bioger ¢ conte~; of o 0-ozckes ~¢ ke CO» =038

'x  Not al LCA detesets “c- uastream ~aserialz inc ude these i~23ct catezories a~d =~ us results r-ay ke incorr pleze.

*' Jz2 caut on when nterpreting -esulz for theze categar e
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Interpretation

Jased on the portland correnl P resulls celeclaled wilh Lhe GCCA Incuslry LPG ool for cement and concrele, Lhe

fa lowing canclusions cnule he rearqed [4]. The Vanufaczurng nocule (A3} drives most af the potential envirormental
impacls. Mana acluring impacls are primarily dive by energy vse (eleclric’ ly and Lthermal “ucls) usee during the
pyrrprocessiag of limestaqe in the aroductior of clin<er. Clinker cantent in cement sirilaily cefines the relative
crnvirenmenla arofile of Lhe Ting cermenl oroducl. Raw maleria oxl-aclion (A1) is Lhe second larges. conlribuler Lo Lhe
Sroduction stage EPD results, followed ay raw mate-izl zrznspartation (A2).

Additional environmental information

Ol Lthe resaondirg plants, a-ound 157 of Le (acilitics are 150 9001 cer Gificd ard anolher 29% are 150 24001 cerliled o-
beth, The rest af the plants adqere to dif"erent types of corparate or campany specific internal envirogrmental
Maagement systems, ¢, Spectra QLS (www.spectragest.cem/) which is designed Ea assist resporsible plant
persoqnel by tracking anc notityirg thern ot major reporting, rmonitoring and recordkeeping recuire nents, Ervirolls, a
database managerent syste to track sermits and permit conditions and 2ll envircnmental related t2sks or ma'ntar
sirmilar 1ISO 140CL environmenlal manggernen. sys.crm wilhoul cer Gilica.ian.

Air aollulivn azalemenl equianenl used al PCA merrbers cernent [acilides may consisl ol any mix o” the lellowing
technalegies: h'gk and low temoaerat are baghouses, hir varts, dram ti ters, dry ti ters, cartricge “ilters, preciaitators,
waler sprinklers for dust conlrol, 3eleclve non calalylic reduclion (SNCR), Scleclive caalylic reduclion (SCR), wel
scrubbers, dry scrubbers (dry sorbert injection, DSI), Activatec Carbon Injection (ASl), and Regenerative Thermal

Qxidizer (A1 0),

tisalsa nated that abeout a thire of the plants package some of theis cemerts, the majority aulk laad taei- cements for

syle,
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Refe rences
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ASTM C150 / C150M — 2C Standard Specification for Portland Cerent.

AS™M International, rag-am Operazor Rules, version: 8.0, 04/29/20.

Athena Sustainable Materials InstitLte 2021, Portland Cenent Association (PCA) — Life Cycle Irventory Sumnmary
Reporl. Prepared hy: Mr. Jamie Veil, Mr. Grart =inlayspn and Lirdila Bushi, PhD, Prepared far: PCA, =ebruary
2021.

Glabal Cement and Concreie Assoclailon {GCCA) 2023. N.A. version of Industry CPD fool for Cement and
Cunereles hillas://cone g .e-vpc-loolo g/

GCCA and 2CA, GCCA Industry EPD Tool for Cemsni and Concrete (V4.1), LCA Madsl, North Americari versiori,
Prepared by Quaritis, 2023,

IS0 14021;2016 Eqvirormental 1abels and declarations - Self-declared env ronmental claims (Tyoe 1l environmental
labell ng).

ISO 14025:2006 E-viror menlal labeling and cadaralions - Type ll envirenmenlal decleraliors - Principles and
procecures.

IS0 140£0:2006/And1:2020 Environmental manageent - Life cycle assessirert - Principles ard framewark.

IS0 140<4:2006/ANd1:201 /IAM2:2020 Lavirenmrerlal managemerl - Lilc cycle assessmen. - Requiremenls anc
guidelirgs,
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caclaratinns of aonstrusticn pracucts and services,
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Morler, ard Plaslic (S.ucco) Cemenls, v3.2, Scpl. 2021,
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. US EPA (2020) eGR|D 2018, T1e Emissicns and Generatior Rasource |n-egrated Database,
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. US Ceological Survey (USGS), National Mincrals Irfonralion Cenler. Cemenl Slalislics and Informalior, KY
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Participating PCA members

Member Corporate headquarters Website
Argos LJSA Com. Alpraretta, CA arges.col/uss
NAsh Grove Cement Cverlard Park, K& ashgrave.com

Buzzi Unicem USA, Inc.

Belhleharm, PA

ouLZiunicemusa.comn

CzlParland Company

Glendora, CA

calportland.com

CEMEX USA lloaslen. X COMEeXUSALOM
Cominental Cement Chesterfeld, MO continen:alceriant.com
Nrake Cement Scottsdale, A7 drakecement.com

Federal Wrile Gement,

Woadslaock. ON

[cderalwhilecemen..com

GCC pf Americz

Glendale, CO

gcousa.com

| afargeHolcim Resemont, |1 la“arge-na.com
Lerigh Hanson ['ving. IX lehig hransen.conr
Martir Marieta Va-erizls. Inc, Dallas, TX ~art nrrar atta_ com

Mitsukishi Cement Corparation

Henderson, NV

Titsubiskicenent.com

Monarch Cersnl Carnoany

Hunbolcl, KS

“nena-cheemen..com

Nzt anal Cemert Croua Encira, CA ~atioralcement.com
Salt River Materials Group Scottsdale, AZ 3 materials.com

SL Marys Cemeil Teronlo. ON slrraryscemenl.eom
Suwan1ee Ame‘ican Cement Branford, FL s.wanneecement,com
Titan Ame-ica LLC No-falk. VA litanamerica.comr
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