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EPD VER FICATION

Th's FEN Fas been rertif ed hy an independent, exte-nal verifie in arcordznce wit~ 150 14025.
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Tir Brooke Dale Thomus P. Glura, P, D. Dule
ASTM Internatianal verifiec Incustral Ecology Censultants vertied

Product description and applicable standards

The aroduct Lnder evaluatian is masoary cement as defnad ay ASTM C2 19 and specified in ASTM C91 or CSA AIRAY,

A hyd-culic cernent ma nutactored tor use in mortars tor masanry const-ucsion or in 2lesters, o both, w-ich ¢conza'ns a
F asticizing meter'sl and, 2ossibly, ot-er periormance-enhe~ci~g acdit'ons). (ASTVIC21%)

Type N—For Lse in preparatior af Speciticatinn O 70 Type N mortar wit wout further additin~ af cements nrhydrated
lire, and “or use in presaration of Specfeztion C270 Type S or Type M mertar wen cement s added in acco-dance
wit 1 the requi-emerts of C270.

{ype 5—For use in preparatlon o speclfleatlan C2 /4 1ype S mottar witkout furtk e additlon of corrents o hyd-ated
lire.

Iype VI—Far use in preperation of Specificatian C2/70 1ype M mortar witheut further adeition of cements or hydrated

lire.

All cerent aroducts zre cormpased o specific combinaticns of calciur, silica, iron and aluming and srrall emounts o*
additives ta achieve a dezived praofile nf properties (e.g., strength, crlor). Clinker, the prirriple ‘rtermediate
raafactured preduct witkin cemert producticn, is typcally predaced from a combination of ingredients, includiag
limestaae (fnr calciun), coupled with sma ler quantities nf materals suck as clay, iran a7e, aac sand (Aa saurces nf
alumina, iren, and sil'cz, respectively). So commaon are tiese bu'lding blacks t1at z wide vzriety of -aw materials are
suitakle squrces, and some scu-ces, such clay and “ly ash, may provide mltiple caemical camponerts. Cement plaats
areincregsingly lurning Lo indusl-ial byproducls Lhal vlciwise would ac distarded, enee comple.irg delai ed analy=cs
to determ’ne the effects af usirg 3 bypraduct a1 t1e manufactu-ing precess, cemert pe-fa mance and facility emiss’ons,
The U.S. induslry average masenry cemen., as found by Lhis sludy, is 55.2% cvinker by weighl. Table 1 describes Lhe
cement’'s compasitian hy specific material rezources,
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lable 1. Material comrpasitlon of the U.S. indust+y cverags masonry cement

Cement ingredients’ Porzion of cement product (hy weight)
Clinker S5.2%

Urczlcined lirmestone or hydraulic 'me 31.5%

Gypsurm 6.7%

Slag 1.1%

QOther materials <1.0% earn

"t shoule be ~atec thaz'whi e all m3zanry ceme~t aroducz conzain zhe i~gredie ~ts | sted abave (except dust, which rmzy or may not
ke used by a sailicular remenl producsr), the average ca~=1 prod.cUon ¢alé rerouated Tor th's TPD reprasents Loe weighl e

ave e use ol a | nale-ials oy all parlicipali-g plan . The dala sheuld nu, heinterpretsd (o rneen thal thie ing: cdicnl sroportior:
Erescentec in th's table is -he fo-rulazion tor a | masc -~y cement products.

Declared unit

Ihe dedared unil Tor Lhis sludy is the praductlion el ore me.ric lon (2 1) of masonry cometawailing delivery Lo a
customer. The cemen:is either pec<aged and stored or pallets or housed unpackaged "n siloz and reacy to- bu k
transport.

System boundary
Life cycle stages

This LFD describes masenry comr e, preduclion Fom cradle Lo pale, as dopic.ed in Figure 1. This includes all modu es
(A1-A3) nt the Procuction stage, #s defined ay the PCR. Specitically, Preduction stage madules capture the followiqg

aspects of L lil2 cyele:

e “xtraction and arpcessing of raw materia s and packag ng used ta praduce cement (Al);

« [ranspartazion o raw materia s and packeging from scurce to ccmert praduct on site (A2);
e« Consumptian of energy and water required to prodace cement (A3);

« _m 55 onsandwastes generated frem producing cenent{A3);

¢ Tiansparladon o” wasles [rom cemanl praduclion La end o7 life (A3); and

o Ind ulli"co” wasles gere-aled during cernenl produc.ior (A3).
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The Construction, Use and End-of-life stages zre excluded fro-n the scope of tha PCR and there“ore frorm the inpact dzta
provided by this LED,

b
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I 'fure 1, Bodndary of the industry-average cevient production processes..

Exclusions and cut-off criteria

Several itarrs are excluded tra+ the “aregraund lite cvcle inventa‘ies (LCIs) used r tha LCA. These relata specitically to

operalivns accemenl produclion plans:
Capital equipment ond infrastructure. These are expected -t contribute negligibly (<Z%) to the total impzct ot
cement productior given the leng li‘etime of these ite s anc high outaut of cement ever this peried,
Personnel-reinted activities, suctk as travel. turiitare and otice supglies. (Energy and water use related to on-site
office cperarions, such as cempany nanagement and sales act'vities, are included.)

These Lwo colegorios ol ilemns arz included “noupstrear processes (c.g., e eelricily generatior) where Lwey g-¢ caplu-cd

in the hackground data used in the 1 CA uace-lying GCCA Indust-y FED taal.
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Allocation approach

Allncatian of inventa-y flaws anc subsequently envirenmental impact is re evant when aszets are shared hetween
product sy=Lemes. The a localion melhod arescibece by ke PCR s apalicd in lhe cnderlying LCA. The sua calcgury PCR
recognizes ly ash, Furnace hattan ash, avpass dust, mill sc2le, pol uted soils, spe s catalyst, aluminur axide waste,
silica fume, granulaled blasl “urrace sleg, ron rich wasle, cerrenckiln dusl (CKD), Mue gas desullurizalion (FGD) gypswrr,
calcium Auaride “ich waste and postcorsumer gypsum as recovered materials and thus, the environmental impacts
alluca.ed Lo these malerials are lirriled Lo e realmenland Lanspo- alior requited Lo use as g cerren, malerial inpa..
“urther, uzed tires, plast'cs, solvents, used oi and o’ly waste, coal/carben wzste, roof ng asphalt, nouzehold re‘use-
derved wasre, non-hazardous I'quid waste, industria slucge, and agrcultural waste are corsidered non-renewah e
and/or -enewable secandary tue 5. On y the materials, water, enersy, em ssions, and other elementzl f ows associated
wit 1 repracessing, handling, aorting and transportaticn “ron the point of the geqerating irdustrial pracess 1o their Jse 'n
Lthe procuclivn process w-c considered. All erissions Mo combuslion al Lhe poinl of use wie corsidered. For co
preducts, rocredit is ransidered, and na alloratinn is applied. See the 1£A madel and | CA datnbase reparts o® thae NLA.

versicn of GCCA’s Indusiry Tuol Jur LPDs ¢f cermenl and cencrele Tor muore informal vn [4], [5].

Data Quality Requirements and Assessment
Technology Coverage

The ife cycle irrpact zszessnent (LCIA) results presented in tris EPD are caleulated using a1 industry-average LC o* LS
2CA members producing nasonry cements. The L{ | is assprnbled with data shared by FCA nerhers through a survay
pProcess carricd cut in 2020 a1 represets 2019 aacrat ons, Primaly (gate to pate activity) data we-c collected for
lirestane quarrying, clinker aroductior and masenry cenrent maacfacture. Data collectian and aggregatzion methocs
are describad n the Portiand Cement Association Life Cycle Iqventery summcry Repart, February 2021 [3].

rr 2018, the US cement industry generated 2,100,000 metric tans of masonry cernents [13]. The LCI captures 1,109,171
metric tons nf 2CA memhber productior (as reprrted by 37 plants) and therefare 46% nf to7al industry preduction in
20192,

Clinke. ke main ingredienlin cerrent produc.ior, can be producer using one of £ number ol Lechnologics, ora
combinztion of theze tachnolagies. The rasanry cemeant descriaed by this EPD is produced under tha profile o* clinker
production technalagios shaw in 1ekle 2, Atata 0°53.141, 130 metric tens of clivker a-¢ represented by tac overall
averzge industry dataset. It is estimated that i4 2019 78,000,000 metric tons o clinker was preduced inthe US and
hence, the plant sample repreacnts abaut 58% of all US clin<er preduction [L37. The plant average raw meal 1o ¢l nker
ratio is 1.59. The aversze tota renewable and nor-renewable arimary eergy required ko produce 2 metric ton of c'nker
was calculeted o be 3,828 Gl en a lower heating value 2asis,

Trcarerbarss acses ot PreCAT e cemank ST 2w oparainainthe s
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Table 2. Clinker production techrclegies applied 'n the mzking of the masonry cement described ay this EPD.

Clinker productian terhnalagy Percent af rement produced hy clinker technalogy
Dry w'Lh pichealer ane precalcire” 85.5%

Drv w'th preheater 3.1%

Long dry 5.3%

Wet 0.6%

Cther (ozher technelogy o & combinazion o technologies)! | 2.4%

‘Reportac as long semi-wat/semi-dry tecnclogy.

Geographic and Temporal Coverage

The nasan-y cement pradurtinn inpacts estimated hy the | CA represent cemrent preduced inthe LS in 2019,
“oreground datz gnd assumptions re‘lect equipment, arocesses, znd marke: conditions for this year. Beckgroard
precesses, suck as snme ‘aw material aaerat’ons and electrrity generation {se& helow), are characrerized hy dzta thar
represent US pracesses where informal on is aveilable, In cases where US specilic informraLion 5 nal availaale, the besl
available atterrasive "nformaticn iz used. Addizional deta’ls descrbing the background data are pravidec ir the LCA
model and LCA detabase reaorts of tae VA, version of GULA Industry 1oel fer LPLs of cement and concrete [>].
“oreground gate-to-gate data were collected for limestone quarrying, cl'nker predaction and mascnry cement
ManLfacture, These data asc summrarized in the repart Fortland Cement Asseciotion Life Cycle Inventory Sumimary
Repert, February 2021 [3].

Electricity grid mix

“or elect-icty uze madeling, the PCR requras the Jse of subnat’onal e ectricity corsumptian | C s t1at cons der power
rading belween regivns. o do Lhis, he US EPA’s ¢&rid 2012 dala a-c vsed, which idenlify grd mixes lor Len US regions
(NERC regians) anc considers “egianal trading [14]. A weighted averazge ot the NERC regicnal mixes is apalied in the LCA,
whuee he weighling reflezis Uhe porlion of masenry cemet produced ir cach reg’on. The resulling aric mix used i1 Lhe
_CAisskewn in Table 3.

Tahle 3. Gric mx for masrnry remet praduct’on described by this FP .

Energy source Portion of representat’ve grid mx
Cax 43.62"%
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Coal ard pest 2£.9/%
Nuclear 20.130%
Hydro 3.61%
Wird 3.53%
Bio nass 1.82%
Solar 1.13%
oil 0.81%
Waste 0.21%
Ceatharmal 0.16%
“OTAL 100%,

Data Completeness, Consistency, Reproducibility
and Transparency

All inputs {rzw rmaterials, ancillary aac packagingz materals, energy, and water) and cutputs (emizsiors to air, water and
sail, anl'd and iquid wzste, products, co-preducts, aac by-aroduces) were callerted, reviewed, senchmazrked, and
rmodelec to cemplete LCI procuction profile for masorry cerents. The corrpleteness of tre cradle-to-gate process chain
in terms af arncess s7eps ia rign-ously assessed for all cement tacilitias.

A review ot the source of incividual imput and output data (direct, indiract, estimate, other) sharaec by participatrg
produce s was conducted ard sarmerlzed n Appendix A, Fortland Cernent Asseclatian Life Cycle Inventery Summary
Report, February 2021 [3].

To ezure consistency, cross checks of the enerzy cenand and the calculztec raw mea to clinker ratic agzinst ranges
reportec ir the WRECSD Cement Sustainahilizy Iniiative, Camrent CQ2 and Fre-gy Fratncol, vi.1 Decemaer, 2013 were
cenducted pe- each cement facility [15]. A “ull descriptio 1 of the foreground data cuality assessmentis provided in the
Portlonn Cerent Assaciation Life Cycle Inventory Summary Repart, Februzry 2021 [2]. Activity LCl caza zre traasparently
disclesed Inthe LS repert, reuding all data sources, anc thls way exzerral reproducib hty of the LPD results witk the
GCCA Industry EPD Taa tar cement and corc-ete is possiala [3], 4].

The najorizy of data descrbing cerment rmanufacture (including limes-one quarryi-g ard cI'nkerprode ction) is based o
direct measure nents and enginearitg calculations, as epaoscd o aaprox metions, This is particula-ly truc for f ows thet
dre the majo- contrbutors to rrpact for cerent aroductior, rarme y clinker production.

Lsould be qolee Wha. Lhe dala qualily assessmenl here 'nocovers on y limeslone, cinker and cemenl procuclion
inventa-ies (i.e., activity data). An evalu azion at the q.a ity at data used to madel background processes (e.5., electricity

D%

]
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ganeration) has also been czrried out, and t1e results are presented in the LCA rodel and LCA dztsbase reaorts fa- the
N.A. version aof GECAY Industry FPD Taal far Cement and Concrete [4], [3].

Limitations

This EFD reareserUs average nduslry performance for PCA Mermnber producing mesonry cerrenls. ILcensiders only
cement plants located inthe US. Results may nat adecuzately represent cerent aroductior systams that difter graatly
frar Lhose czplurcd by Lhe dala used in Lhe underlying LCA.

This LFD iz a ceclarzlion of palenlial e-wironmental impacl a1c does nol suppo-L ar provide delinilive comparisens ol
tha envirormentzl performanre o specific products. Only FPDs preaared from crzdle-zr-grave litfe cycle rezulzs and
basec on Lthe same uncl'en and -elference service life and quandilicd by Lhe sarme furcliaonal unil can be used Lo assis.
purcaasers ard users in making infrrmed ramparizons betweer preducts.

The EPD provided Fe-e in and the uncelying LCA contarmn to the NSF Procuct Category Rule to- Preparng an
nvirenrnenaa Producl DeclarzLion for Porl anc, Blerdec Hydraclic, Masunry, Muilar, endd Plaslic (Sluceo) Corments.
=PJs of masanry cements that “allow a dif*erart PCR mray no: 2e camparable.

-ClAresulzs are relative expressians and co not predicz imaacts a category endpeints, the excaed ng of th-eskclds,
<afcty merglas or risks, Farthor, LCA offors awide array af enviranmental impa<t ndicatacs, ard this L2D reports a
collection of thoss, as saecifiec by 11e FCR.

r addition to the ‘mpact indicazcr resdlts, th's EPD provides several retrics re ated to resource cansumption and waste
generadon. These dala 2re informeLional as Lhey do nal provide a measu-e of impacl on he environmenl. Fu-lher, o
number of LCA imaoact categories and ‘nvertory izeras are still e-nergirg cr under cevelopment and can nave 1igh levels
of uncertainty t1at p-eclude "nternat’encl acceptance pending furtier cevelopment, Lse caution when irterpreting
results tor these catego-ies identitied with an “*’ "n Tahble 4.

Supplementary information regarding LCA methodology

Additienal in“arnation -egarding datahases and impact methadologies used for corducting the | CA far this FED can be
tourd in the LCA core model ond LCA databose reports of the N.A. versian af GCCA's Industry EFFD Taol far Cement and
Concrete 4], [5].

Life cycle assessment results

The cracla-ze-gate impacts at aroducing masonry cerient are preseqzed in Table 4.
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lable 4, Froductian stage LPD results for masanry <cmaorts,

{
W TARNAT/IONAL

Impact categorv and inventory indicatore

Unit

Masonry
Cements
1 metric tan

Global warrring potenzlal, GwW > 100. | *)CC 2013

Ozone depletion poter:ial, OC =

AdidiicaLion po.enlial, A=

Eutrophication potencial, EM

Sirog lorrmilion polenial, SC=

Abiotic depletion porential for nonfose | e rerel resow ceg. AJP clenents®

Abiolic deple.ion po.ental for fossil resources, AJP ossil

Renewable primary rescurces used as an erergy carrier (“uel), R®Rz"

Renewable pnmary resources with erercy conters used a5 mate &l, RI'R*

Non-renewdble primary resources used as an erergy carrier {uel), N PIY ™

Nor—renewable prirmary resources wi b erergy conllor wsied @s nale-zl, NRPRy*
ceondary malcrials, SM*

Renewable secondary “uels, XSF*

Nen-renewnble secondary ‘uels, NIRE™

Ne: use o “reshwater, NFW~

Hazardoue waste disposed, HWL*

Non-hazardous waste disposed, NHW I~

lighdevel radicaclive was e, cordiioned, (o I~z repos ory. HERW:

w

In-errrediaze- and low4evel radioactive wagse, core tioned, to f -zl repos fory, ILLRW*

Cornponents “or re-use, C U~

Mazerlals tor recydling, VIF ™

Ma erials for energy recovery. VIER*

Rccavered energy expor.ed Torr ke produc. syslen, EE*

Additional Inventory Parameters for Transparcncy

Global winring poleriil - bingenic, GWP-”

Ervissions Tare calcination®

Errissions “rorr combustion o waste “rorr renewable sources”

Cmissions Ton combus.ion o was.e o nor-renewabje sources®
Rernavals and errlsslons assoclated With bloger ¢ conte~: ol 5 0-0&ckas ~¢

kg CO- eq

<g CFC-11 ec

kg SO> cy
ke N eq

ke O ey
ka Sb cq
M. LFV

M. LFV

M. LFV

M.. LFV

M, TV

kg
M. LFV

M. | FV

me

kg

kg

kq

kg

kg

kg

kg
M. LI V

kg CO: g
kg CO. cq

kg CO2 e
kg COy cq
ke CO,

287
1.73E-05
1.23
0.3
224
1.48E-04
3223
140
75
3216
1.0
911
32.8
316
0.97
7.59E-03

3.2
T

D.7
290

0.02
J0.8
=3.1

Dy —Nol al LCA dalzasls ¢ uddalream =a.anials inc ude Thesr i-iacl calegories a~d ~us resulls may ke incorr ple 2.

* Use zeulion when inLerpreting rosul s lor these caleporias

Interpretation

3ased an the masonry cements EPD results ¢a cu ated with the GCCA Indastry EPD Teel tor cerment and concrets, the
fa lowing canclusions coule be reacacd [4]. The Vanufaciur ng nocule (A3) drives most of the potential envirormentel
impacts. Man.afacturing imnpacts are primarily driven by energy Lse (electric’ty and thermal “uels} usac during the
pyrep-ocessing cf limestaacin the areductlor of clin<er, Clinker cantent in cement similarly ceflnes the relative
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envircnnenta arofile of tae fina cerent oroduct. Raw materia ext-action {Al) is the second larges: centributor to the
2roduction stage LPD results, followed ay the Trenspartatian (A2).

Additional environmental information

Of the resasondirg plants, a-ound 15% of tae facilities are 150D 20071 certified ard another 29% are 150 “ 4001 rertifed n-
holh. Tha estal Lhe planls adaere Lo diferenl wpes ef corparale or campany specific inlernal envirormenle|
ranagernenk syslems, ¢.g., Specltia QEST (www.speclragesl.com/) which is designed Lo assisl resporsible plant
persaanel hy tracking ane notifyirg therm af major re porting, monitering and recnrdke epiag recuirenents, Frvirol 1%, a
dalobuzc managerieal syslen Lo rack scrmils and permil condilions and <l envirenmenlaliclaled Lesks: or manlae
similar 150 14001 environmental managernens syszer without cer=itication.

Air aollution aocatement equionent used at PCA memrr bers cement tacilizies may consist ot any mix o* the tcllowing
lechnolegics: h gk and low lemacralare baghouses, bir verls, dram fi Lers, dry [i Lers, carlricge Tillers, praciailalors,
watar spriaklers for cust control, Select've non-catalytic reduction (SNCR), Selactive cazalytic reduction [SCR), wet
scruhhers, dry scrubhers (dry sorbert injectian, DSI), Artivater Carbnn Injectina (A51), and Regenerative Thermal
Oxidizer {RTO).

Lis alsa naled Lhal abeoul & Lhire al Lhe planls package seme of Laei- cemerls, Lhe majorily aulk laad Laei coments [e
sale.
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version, Preoared by Quart 3, 2023,

6. IS0 14021:2016 Evirormental |abels and declarations - Self-declared env ronmental claims (Tyoe |l environmental
labell ng),

7. 180 141025:2006 EAviror menta| |abeling and cedarations - Type ||| envi-cnmenial declaratiors - Principles and
procecures,

8. [30 14040:2006/A1d1:2020 Environmental management - Life cycle gaaessirert - Principles ard framewaork.

9. IS0 14044:2006/A1d1:2017/Arxi2:2020 Envirenrerlal managemerl - Lile cycle agsessmoen. - Requiremenls anc
guidsliras,

10, 180 21930:2017 Sustainshility n buildings and civil engireering works - Care rules fo- ervironmental produ ot

ceclarations of constructicn procucts and services.
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11. NSF In.cmalional, Procucl Calegory Rule Lrvironmrenlal Producl declaralions, PC- ‘or Por.land, Blended, Masonry.

Morlzr. ard Plaslic (S.ucca) Cemernls, va.1, Seol. 2020.

12, N3F |m:emationzl, Product Category Rule Ervironmental Produ st Jeclarations, PCR “or Concrete, February 2020,
13. US FIPA (2020) eGRID 2018, The Fmissicns and Generatior Resource Inegrated Database,

hllp://www.Ccpa.cav energy/en’ic .

14. US CGaological Survey (USGS), Nalional Mine-als Irloma.ion Cenler. Cemenl Slalislics and Informzlan, RY

20”9, htps:/ www,usgs. apv/cen:ers/nmic/cemrert-statistics -and- n‘ormaticn,

15. WRCSD C3I 2013: CO: and Fnerqy Praocol Version 2. of 3 Decerber 2013, hotps: /www,cement-co2-
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Participating PCA members

Member Carporate headquarters Website

Argos USA Coip. Alphareita, CA argos.co/usa

NAsh Grove Comenl Overdand Park, KS aslgyrove.con

Buzzi Jnicem JSA, Irc. Bethlshem, PA buzZuricerrusa.corr

Cal “orland Corrpary

Glendora, CA

calportlard .com

CTMUrX JSA Henslen, TX CRITOXUSH O
Coninentsl Cement Chesterfield, MO conlirer-alcement.com
Crake Cerrer: Scchsdale, AZ crakecement.com
Fedoeral WHie Geiror: Weedsleck, ON ‘ederwt ceenenl .o
GCGC o America Glendale, CO cecusa.corm
Latarge-alaim Resement, IL la*arge-na.corr

Lehigh  lansor Irving, TX lctighta-son.con
Marin Marista Materials, Irc. Dallas, TX martirmariet.a.corr

MIzsubisihl Cerrer: Corporatior

Henderson, NV

mitsublskhlcerrer.comr

Monarch Cemrer. Gomrpey

lHumbaldl, KS

monarckcener . .com

Nazional Cerrer: CroLo Encinc. CA razionalcement.com
Salt River Materials Croup Scehsdale, AZ srrraterlals .com

Sl Marys Genren, Terenlo, ON sirnaryseernent oo
Suwarree Arrer can Cerre~: Branfcrd. FL SUWAIreecerr er..cornm
Tian America 11 G Nacrfolk, VA dlararneric: .con




