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Tile Council of Morth America [TCHA)

TCMA is a Fade assocaSon representing manufachurers of ceramic tie, tile installation malenals, tie equipment, raw
maienals, and other e-rdaded products.

The Tike Counal is recognized for s leadership role in facikatng the development of North Amencan and imtematianal
induesiry gualkty standards o beredfit tle consumers. Addionally, TCMA regularty conducts independent reseanch and
product beshing, works with neguiaiony. rade, and other government agendes, offers professional training, and publishes
installation guidelines, tie standands, sconomic reporss, and promotbional [Berature.
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1. Product Definition and Information

tilebar

Product Identification

Coramic tiles made in Marth Amenca ane primanily made up of days, sand, feldspar and other additves and then pressed
or extruded into shape folowed by firing in a kin. Ceramic ties can be glamed or unglazed. There ane several advantages
o ceramic fikes, induding fine resistance, non=combustblity, durability, sp resistance, and sase of maintenance. The
UNEPEL code for this fiooring product is 300617 and the C5l code is 09 30 00.

o=t tie marudachuring in Morth Amenica ooowrs in the US and Mexico. OF the iolal production in Morth Smerica, about
85% of He produced in 208 is covered in this EPD. This can be considered o be representative of te avemage Hie
procuced in Morth fumerica.

Ceramic tiles ame available in an asotment u'flrp-u:.m vaned characiensics, including glared wal, mosaic, guamy,
procelin and pressed floor.

Product Specification
The product is. described using the specifications cutined in Table 1.
Flow Diagram
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Product Average

Results in this EPD are based on the total materials purchased during 3318 and weighted by annual production data at
each of the faclities for the vanous manufaciuners.
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Moot American Ceramic Tibe: Mosac, Guarny, Prissed Floer, Glazed Wall and Porcelain £ 50 14325
as defined by ANS] 1371 Amarkcan National Standanrd Specilicatien bor Caramic Tik EN 15304 B0 2930 T

12, Applicabon

tilebar

Ceramic ke products ane commonly used in a variety of applications inchuding commercial, light commercial, instiutional,
and resdential interior and exienor apglications.

1.3. Applicabon Rules

The products considered in this EPD meet or exoesd the foliowing iechnical specification:
o AME AT = American Nasonal Sandard Specifications for Ceramic Tie
« 150 13006 = iniemational Organization for Sandardizaton Specificications for Ceramic Tie

iddisonaly, may of the: Sles considered in this EPD haree been certified o AMS| 1381, This is the standand for Gresn
‘Squared Certification for Tikes and Instailation Maberials.

Some products alsa have fire lesting, and results of these fests can be found at each of the manufachrers’ websites.

1.4. Declaration of Methodological Framewsaork

This EPD covers a cradie=io-grave LCA& study. & summary of fhe ke oycle modules can be found in Table 13.

#ooording 1o Pant & of the PCR, the Emm-u&ﬁﬂ.:du—m:m o b TS years. Sinoe
ceramic tles ane expected 1o last as long as e building itself, Reference Sernce Life (RSL) of ceramic ties is taken
fia be 75 years.

The cui-off criteria are desoribed in Section 2.4 and alocafon procedunes are described in Section 248, infrastructure
ficws have been excluded.

1.5. Technical Reguiremeris

The: foliowing iechnical data descnbe She indusiry aserage product included in the EPDL
Tuisie 1: Tachrical Dais

Biominal Area 131, D85.61 - B35, 110L65 mm
homiral Valse Sizes it - G120 in
Avaraga Fired Weight 18,800.00 i
Avaraga Fired Weight ary I
Thickrass min walus BE3 mm
Thickrass, max vaue 1219 mmm

Class Fi,F2,F3,Fd, E2 -
Frrcalain, Commic, Duary, Mosai,
Til Typa Imparious, ViTenus, SemiVireous, Nor- .
‘TG
Grada Emndard and Second -
Dimansional Cakgnnies Caltmied, Calbraied and Faciied .
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1.6. Fropertes of Declared Prodwct as Delivensd

tilebar

Cwerall for many industry membsss cardooard boxes and plastic straps fom primary packaging. Secondary packaging
includes plastic fim and wooden pallsts. For the purposes of this shady, ing washe disposal have been modeled
@ par guidelines ini section 288 of Part & Lie Cyole Assessmant Caicutahan and Report Requiremaents from LIL
Emviranmenit.

1.T. Matemal Com pors ibion

The peneral compasitions of the producls are presented in the @ble beiow. The composiion is presenfed as a
production-weigihted average to profect She confidentiality of the composition of indridual manufaciurers’ products.

Tabia 2: _ﬂﬁﬁ

Clary 5. THR
Bard £.27%

Taic 1.12%

Feidspar 11.26%

Eody Interal Scrap £ 46
Fril A%

Calium Carbonain 1.46%

Ash 1.35%

Addives 0LBE%

S Ink L 15%
Glaza 1.06%

The product does not contain hazardous substances. per the applicable egonal-specific legisaton, as indicated in
Section 2.8.6 of Pant & Life Cycle Assessment Caioulahon Rues and Repant Regquinements from UL Envieonment.

1.4. Marufacturing

The manutaciuring process. begins with mining of raw malenals, which is a mixiure composed mosSy of clay, feldspar
and minerals. These raw malenals anes listed in Tabie 2. The mw maienals ane batched and mined 102 powder acoonding
%o the type of tike. 'Waler is Shen added 1o form a wet slumy calisd slip. This sy is Shen pumped imo a large spray dnger.
ke, the: clay is formed imio a tie shape. Afer at, the ties are died 1o remove some of their moissure.

Wihere applicable, the glaze is then applied onio $he surface of the tie while being passed on a comerper belt. Finally,
fhe fles are fred in a kin at exremely high emperatures. After this, the ties are sent for inspection and soring. Any
defectie Sles ane sent o Se e waste prooessing secion and then re-used in the batching and mikng process.

ity wnfired or fined scrap produced in e manufactuning process is rehemed fo the cday mikng and skp producSon sbep
in The manuiacturing process thus minimizing wasie production
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1.9. Packaging

Onoe the tiles are manuiaciured, they are packaged in cardboard and palletized wsing plastic siraps and wapped in
plashic fim.
Tt 3: Pac
PhC PR
Tred

DTl PA THWATY

Candboand Cormigatod
o e 014 Riacyoiod (T5%), Landfled (20%), Inciraraies (5%)
Plastic Fim | Lo Dersity 0,003 15%], LandSiod Inciraraied (17
Fonony | Racycied [15%), (8%}, Incinarated [17%)
Plstc Svap  Fokpopylans 0.002 Rocyciad [15%], Landtled (S8%), Incinaraied (17%)
Waood Pabat Wood Doz Riacyoiod (T5%), Landfled (20%), Inciraraies (5%)
110 Transportation

It is assumed that all mw materials ane distributed by truck, ship and! or rai depending on the location of e supgplier.
Splect maierals are intially deliwered by ship andfor bange up untll the port of eniry and then o te Bolity by Fuck. The
iocation of suppliers was provided by assooabes from participating member companies. Transport of mw material from
suppber i the manutaciuring facikty was calculated for each raw material.

The product is delivensd ta the customer wia tnuck depending on the location of the end-user. Transpor 1o the installaton
sile is azmsmed io be B0 km as per recommendabon by the PCR {Fart B) for il floor applicaions. This was. chosen

due |0 the unavailabiity of granular sales data. The ransportation distance for all waste fiows is assumed fa be 161 km
{100 mi} based on best awailable data.

1.1 Product Installaticon

Tike Council of Marth Ammenca [TCRA) and American Nabional Standarcs institute (A8 E]) havwe recommended installaton
instnucions for guidance that ane pi'l:l'-'l:-:lwll'rl These guideines have been used o modsl the installation scenario
in this assessment. instalason equipment i required though not induded in te sudy as these are mulS-use ools. and
e impacts per funclional unit is consdered neglgible.

Some additicnal materials are reguired fo instal Sles on the foor ot the site, rurl'ﬂ{ prout and martar. Cement morar
acks as the adhesve that binds the tie to the foor. | has. been caloulated that 407 kg of mortar on average is. requined
fo install 1 m of tle. 48% of the total material is iost as wasie which is then sent o the landfil. Cement grout acs as
e filler for the: spaces in beteesn the tilkes. 19 was delermined that 6212 kg of grout on average is requined fo il an area
af 1 of oeramic ties. Along with cement and martar, installation ml..rh-:lnrrn:lll.l:mf:u'yﬁ and water is also used

in fhe insialiation prooess. A1 wasie during installation, including packa 'ﬂsh L] m
f0 the: tables found in Section 2.8.8 of Par A L ﬂ}“ﬂﬂmﬂtﬂlm
UL Erwirooment.

Environment (I.ID
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Miorth Amarkcan Ceramic Tike: Mosase, Cuamy, Prissed Floor, Glaped 'Wall and Poncelasn A . 50 18025
as defined by AMEI] 137 .1 Amerscan National Standard Specilication for Ceramic Tik EH : i

1.12 Lise

The finors are reguiarty clsaned with tap water. it has been determined that the fioors are deaned using a dust mop
ervery day and using a damp map 3 times a year for commercial applications as recommended by the Tilke Council of
M.ﬁmﬂﬁnﬁlh

Tuizie 4: Una Phase Axsumpions

Claaning par Waak (Dust mog) T &
Claaning par Waak [Damg mag]
- o o.Eg -
Wionhs por Year Whanm Claning =2 &
Ohoowi mad
Taiie & u-h—-i
Tap wslny O.TE3 Limye

Ceramic Sie products ans tradiionally not repaired ar refurbished and are only replaced if e product fails ora new look
is desined.

1.13 Roferenoe Service Lite and Estimated Bulding Sesrvoo Lie

#iccording 1o Part A of e PCR, the Estimaied Senvice Life (E5L) of #he bulding is assumed 1o be 75 years. Since
ceramic ties ane expecied 1o last as iong as the building itseff, the Reference Seraoe Life (R5L) of coramic ties. i taken
o be T8 years. The reference servioe ife assumes the produs was instalied according 1o She manufactuner's
recommendations.

1.14. Reuse, Recycling, and Energy Recovery

Ajthaugh saome marufactuners included in this EPD have tile taloe-back programs af the end of its usedul (e, for the

U of this EPD, all waste has been dassiied acoording o regional-specific as laid ot in Section 2.8 6
n A: Life Cyole Assessment Caloolation roies and Report Segurermnants from UL Emvinonment.

1.15 Dispos.a

Disposal pathwways in the EPD are modeied in acoordanoe with disposal roules and waste cassification referenced in
Soctons 288 and ZA6 of Par A; Lifo Assessment Calowation Aukes and Roport Requiremants from UL
Emsiranment.
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Mot Amerscan Ceramic Tie: Mosaic, Quarry, Prissed Floer, Glazed Wal and Porcelain A ; 50 18025
as defined by AMSI 137 1 Amarizan National Siandard Specilicatosn for Caramic Tik L3 = 130 2hir

2. Life Cycle Assessment Background Information

2 1. Funoticinad Uinet

The functional unit of the floanng product is one |1) m? of floor covenng, as indicated in Table &

Tabls & Funclonal Uni
LT WAL LIE Ut
Fsncticeal Lina e
Mass 128 kg

2 2. System Boundary

The type of EPD is cradie-to-grase. Al LGA modules are included and are summartzed in Table 7

Tabla T: 5y
AHAL YRS

Suminia T OF lWCLUDED ELEMEWTS

PERoaD

Al Frodurd e Faw Metenal Supsy 2014

Fearw alanal surmng EnE MEEERng 85 SEfned by seondety dals

) o ™ sitm Fusl 1om reqursments ssbmeied
A2 | Prodect Sege: Treeport BB | i o et el el instieroaand llabires
Ermcgy, waler ard mputar for £  peoducts bom
L ] Prechort Duge: Masufechring 2014 s a1 echEgng masssEs and meEnctectoms wEsls B echsed 2
wal
A Cosalocbon Proecass Siom 814 Shizmng Pom nanuiscueTe wE o propsd sie Fusl s esues s
Temrmport m on waghis mn mapped dorienes
Coratrarton Procsss
As titgm 2019 inetailedon sdtenrens, mstslabon wasls srd packegng muteesl sk
B1 L Smgas Lnw 29 L ol B prosuct.
B L Shwge: Manisnancs 24 Clamnng srargy, weis:, mnc muskermi, h
B3 Lba Swe: Rapar 209 Cassme bia m bypeealy azimoed @ns nob ssparned.
Ba Lz Shaga: Raplsceman 209 Tolnl ratwrisks e anmegy sequires o mer T il
Bs L Shwge: Falorbtmmaend 29 Carmmic bia o bypcally nol et ohed
BE Cperatonal Erengy Lise 24 Operatorml Energy Use of Busiding indegrsted System Dusng Product Use
BT Uzeratorm Has Usa 219 Clparatorm’ Pt Uss = Buddng Infssreted System Dusng Prosud Use
(=] EOL: Decormsinuciion 209 Mo it 1 o 1
bom witn to larakfil Fusl e T S on
£2 | EOL: Tramsport 2614 mll ”':':d e e
EOL: ‘Wsiw Procsssm 203 Vinsle orocesamg nol recused. A waie can e oroossaed & o
o EfIL: B i 814 muﬂmnmb-ﬂ.umﬁmnﬂu_um
] Banafits bavond resiam (L] Cradis fom sreny or maiessl castore.
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Wiorih Amerscan Coramic Tike: Mosaic, Ouamy, Pressed Floor, Glazed Wall and Poncel ain A 50 1802
a5 defined by ANEI] 1371 Amerscan National Standard Specificatien bor Ceramic Tik EN 15504 B0 21930200

Al eslimates and assumplcns ane within the requirements of 150 14040044, The majarity of the estimations are within
the primary data. Asssmplions mads thoughout the study ane listed below:

& The pimary data was collected as anmual totals including all utiity wsags and peoduction information. For the
LEA, the usage imformalion was divided by the produciion o creabe an energy and waler use per sguane meler.
iz theere: are different products produced af this facility, il is assumed all products are using the same amount of

enengy.
« dnather assumpSon i that the instaliation oals are used enough Smes that the per square meder iMpacts ane

« Maienals requined for instaliation wene assumed to be as recommended by Tile Council of korsh Amenica
(TCHA) In reality, these maienal quansties and application rales may not be used Sws changing e oserall
impact of instalabon.

# e S8 SCEM@nas are also @ken as per TCMA puddines. However, use phase scenarios hawe a e
dmﬁqﬂunmnﬁmﬂﬂmmﬂmﬁlmﬂu. e

#« The disposal pathwsays and the comes trarsportaiion distances of wnused cl ‘wasie, packaging
mﬂ.uﬂwﬂm&mpﬂﬂuﬂﬂ%nﬂmmﬂmﬂﬂrﬁﬂl ari AlL

« The inchusion of owerhead enengy, water, and warste data was detemmined appropriste due 1o the: inabiliby 1o sub-
meler and isolxie manufactunng enengy from overtead erergy.

24, Lut-off Crbena

Al inputs in which data was awailable wene included. Material inputs greater San 1% (based on otal mass of te final
procuct| wene included within the soope of analysis. Material inputs less than 1% were included if sufficent data was
available o warrant inclusion andior the mﬁnpl.luu:ﬂu.hgrth:-m?ntﬂ errsiranmental impact. Cumulatioes
exciuded material inputs and ensimnmental impacts are lexs than 8% an okl weight of e functional it

The: list of exciuded matenals and energy inputs include:
&« [Propristary Additives (0.05% of final product)

This was tue 1o lack of available, adequate representative secondary data. However, the excluded maienals were
b thes ot off criteria and include menor acdithves.

2 b Data Sources

Primary data wers calected by faciity personnel and from utiity bills and wars used for all marwdactuning processes for
all participating mesmbers. Whenever available, supplier data was used for raw matenals used in the producion process.
When primary data did not ewst, secondary data for mw material production was wlilzed fom GaBi Database Version
4.20.648, Servion Pack 39.

2 6. Data Ciuality

Ceogrphical Coverage

The: geoge soope of the maneisciunng porion of e (e = Marth America. The raphical scope of the
nwnnunl:‘:m.ﬁm s LUSA, Menoco, !.Frlrg. italy, Spain, ng-'.d;mhc:mmudmmmm”m.
silp installation and use portons of the: ife cyde s mosty Mors America. This LGA uses countny-specific energy datasels
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fhal lake into account US eiGnd specific energy and transporiation mixes. Since an eledrioty dataset spedfic to Mexica
was mof ailable, s SATY eGRID dalaset was used a=s a substitule. This substilubion was bassd on C0u emissions
per unit of aectricity by the hMexican gnd and its proximity to the STRY emizsion value (values @ken from The Climase
Regisiry, 2018} Overal, $he geographic coverage of primary data is considered good.

Time Coverage

Primary data were provided by assodabes from diferent manufacturers and represent calendar year 2018, Using 2018
data meets the FER reqguirement that manutachurer specific data be within the st § years. Time coverage of this data
is considered good. Data necessary to model cradie-io-pabe unit processes was sourcesd from thinkstep catanels.
Time coverage of the GaBi dalasets varies from approdmatety 2008 o present. All datasets nely on af lsast one 1-pear
aFeerage data. Owerall time coverage of the datasets is considenred pood and meets the requirement of the PCR sat all
data be updated within a 10-wwear period. The specific time coverage of secondary datasets can be referenced in the
datasel references table in each supplemental LCA report.

Techoologicl Coverage

Primary data provided by participating members are specific o the echnology hal the company wses in manufactunng
lurprvudl.l:l.ni:msp-jﬁ::mmnn&rrdufgmdqullr.luwﬂﬁmﬁmth and waler ussd in
manufachring the product indudes ovwerhead energy such as lighting, heating sanitary wse of water. Sub-melenng

was not available o exract process only enengy and waler use from the total energy use. Sub-metering would Improve
he technological coverage of data quality. Dala necessany to model cradie=to-gaie unit processes was souroed from
thinkstep LC| datasets. Technological coverage of the datasets is considered good relative to the actual supply chain of
Republic. While improved ife cycle data from suppliers would improve techralogical coverage, the use of lower quality
genenc catasets dors meed the poal of this LCA

2 T. Poriod under Rewioes

The perod under revies is calendar year 2018,

ZB. Allocabon

General principles of allocation were based on 150 14040044 . There are no products other Bhan ceramic bies that ane
produced as part of Se manufachuring processes sbudied inthe LCA. Since there ane no co-products, no allocasion based
on oco=procuces is required. To derfee a per unit value for manetaciuring inpuis suoh as elecircity, Semmal energy and
waler, alccation based on folal produciion in square meters was adopted. Allocation was most prevalent in the
secondarny GaBi datasets used 1o represent upsream processes. &s o default, GaBi datasets use a physical mass basis
for allocation. Throughoat the sbudy recydied materials wene acoounied for wia the oul-off method. Addiionally, impacis
and berefits associated with secondarny functions of maserals at end of life ane also excluded {ie. production inio a third
life or emergy peneration from the incineration plant). The sudy does include e impacts associated with reprocessing
and preparation of recycied malenals that ane part of the bill of maserials of the products, nder shady.
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CERTIFIED

Kiesrth Amarscan Ceramic Tk Mosass, Ouanry, Prissed Floer, Glazed 'Wall and Poncelain A 50 14802
a8 defined by ANEI] 137 1 Amarsean Natisnal Standard Specificatisn bor Ceramdc Tik EM 15804 B0 2193800

3. Life Cycle Asgsesament Scenarlos

Taiie & o e nits
Fusd typa Dhazwcd
Libars of fual 380625 L 0km
ehatho type Hagary Duty Truck =
Transpori Ssianog BOD i
Capaciky uilizabon ES %
Wasghit of folal products nansporie 22 ETEIS g
(Ca pacily wiization wolu ma facior 1 -

Tabia 9. Irrtallation inlo the il

Mliowiar 4.07 (%]
Eroan [ ] ]
Alrylate 0L 0eE% %]
Nat tresfwalar consumpon spocifiod by walar source and fala | 00 0 18 IR, |
Produat et por TunoBonagl i 088 %]
H'nshrrm‘hhntﬂ'-mrm.dmﬂ.i b il 1405 kg
pronessing, genaraied by product insialladon
Packaging wasia, cardboarnd bi4 g
Pacimging wasta, plastc Tim 0. D% kg
Packiaging witsia, wood ol oz %]
Packaging wasa, plastic sirap 0. kg
Bioganiie cartorm Sonlained in packading 088 g GOy
WOC contant of Mocning M, pgim’
Tabis 1d. Malerarce Service Lile
ik T WL L)
REL Fi-] WS
Daclared prod uok propetis (o e galo) and fintshis, ic. S Tabla 1 -
Insinlaion par
Dsign application recommandaton by -
i rfactres
An amsumed gually of work, when instalied in accondance with tha Brrapiod indusiry )
manlaciune’s Fenacions shandaind
Moiral Budding
Irsfieir esrsinonimeint [ nebovant o ind nor appboa ons) e atng .
ponditions
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CERTIFIED

Mearth Amaerscan Ceramic Tike: Mosaes, Ouarmy, Prigsed Floer, Glazed Wall and Poncelain = 50 1802
a5 defined by AME1 137 .1 Amarscan Mational Standard Spocelicatess for Coramic Tik E M A0 B0 21930 hir

bk WaLum
Mol Bulding
Ul pcondiions, & §. freguancy of use, mecharioal axposiin oparaing -
oo bions
Tkl 11 W it o s ﬁ
Maing A " u—mmgwm
Dk mop Z7,aTs Cyclas' REL and Cyokea ESL
Ciarmg: mop: 700 Cyclas' REL and Cyolesl ESL
Mt Trashvaner corsaamplion spcified by water 0uE m3 fap i
soianch and fais wEeT, Evaporated
and
Enorgy ingul, Spacified bry actrey, iy o W Mooryy
Diract @missions o amban ain, sod and waber . kg
Floor cliaaresd wiili dust mop daly and with damp
Furires ass urmptions for Soorann Sowvlopiment mop 36 § = == fin bl
Tabla 12 Emuﬁﬁﬁ
Produsci is aiaer disposed of with
Assumplions for sooner s desed opme ihe unedartying Boor of marually
mamoved via Soraping
Colletind separiahy 23 B8 kg
I Collachad with mibed consincon wasie 1] g
R 1] ]
Rucycling [1] kg
L il 23 B8 kg
Py | ncinaraticn 1] L]
Incinaraticn with erangy recrary a kg
Erafy Corsarson efioercy mia Bd.og L]
Chsposal Proadiot of matonial for final deposiiion 23 55 kg
Raemovals of Biogen cabwn (exchading packaging] 014 7<)

Mote: Since the files are not repaired or refurbished during its REL, @here ane no impacts in stages (B1, B3, B4, BE, BE,
and BF). Soenano @hies related 1o these phases is omitted abose.
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Kierthy Amarscan Ceramic T Mosass, Cuanry, Prigsed Floer, Glazed 'Wall and Porcelain
a5 difined by ANSI 137 1 Amarscan National Standand Specificatisn bor Caramic Tik

4, Life Cycle Assessment Results

Table 13. Dascrigtion of the sysiem boundary medules
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Wiorth Armarecan Ceframic Tie: Mosaie, Guamy, Prissoed Floor, Glazid Wall amd Porcel s Apearding to 150 148025
a5 defined by ANS1 1371 American Mational Standard Specslicatios for Ceramic Tik 158 5 35 22

4 2. Life Cycle Inmventory Riesulis

F L TP,
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Mote: Al acromyms can be found in Section 6.
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et By

Woarth Amerscan Coramic Tie: Mosaes, Ouamy, Prissed Floor, Glazed Wal and P orcsl ash A 5 to E50 148025
as defined by ANSI 1371 Amarkian National Sandard Specilficatssa ko Coramic Tik EN 15804 & B0 1930

5. LCA Imterpretation

For TCHA member's ceramic Sle products, Slobal Yaming (GWF] and Abiotic Depletion of fossi fuels ane the impact
categones of most significance. Within these impact calegaries, the vast majority of impacts ane a in tre A=
A3 phase of the life cyde of the product. A1-43 includes mw material sourcing, ransportation, manufacturing. The
second largest Ide oycle stage is A% in terrs of giobal warming impacts which is tmnsport of produdt 1o cusiomes.

For ceramic les, in the sourcing and extraction stage, the larges! confribuiors o the impacts in erms of e massdals

are clay (20.2%), feldspar (2.1%), sand [5.7%) and glaze (0.5%). Within manufaciunng, slecricty contriuies to 10,75
of overall GWP impacis while thermal energy from ratural gars confributes o 36, 8%.

o cusiomer— contributes arcwnd B% of iolal GWP impacts, while maberials used during installation con

Shpprg
around 11% of GWP impacts. Finally, disposal of the product o landfill confributes. 7% o fotal impacis.
6. Supporting Decumentation

The full teat of the acmonyms found in Secton O ane found in Table 19.

Tabls 13.

ACRCn TR | | H.;'.I:II'.'Hr.H |
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