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1.J Executive Summary / 552

English

This document provides a bilingual overview of the carbon footprint (PCF) of natural stone
and building materials, using A1 - A3 cradle-to-gate boundaries and a standardized functional
unit. Key findings show:

« Natural stone” s emissions mainly arise from quarrying and primary cutting, with
finishing contributing less.

« Compared on the same unit (1 m* x 2 cm), stone has a significantly lower PCF than
ceramic tile or cement render, while offering higher durability.

» Stone can be physically uninstalled and reused; metal fixings can be recycled, approaching
zero construction waste.

+ Artificial/composite materials cannot revert to raw state; C1 — C4 and D burdens are often
underestimated.

3z

AR BER N B R EBR (PCF) 2 BERBRRAL - ik Al - A3 3B S AEAET)
REBRLMETTELRE - EHSEIHATT ¢
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2.2} Standards & Methodology / fEAEEL 5k

2.1 A= aniEHA#E S / System Boundary

Al FORHBLIE © BRLL/IFRIEUS © A2 40 5 A3 B -

B (EFIFEE: (48 - 758 - #llkr - FSaEil)
Cl-C4 FrhREERRE (Ffrbk ~ iy - ml - R E)
D ZAMNERRs ([ ~ elR e fas )

AT EEEBERSHE Al - A3 > DUBUDIG Y ~ TR S a2 RIS A 2= & I02A
55 5 FEA e C B D FEEL 2 REISH A2 -

2.2 THEEEEAT / Functional Unit

1 m?x2cm B Z5EpHEIAR : #81E 0.02 m? »

DI (kef') x HEE + SRIME m? BOAPEVER (ke) - TH7RDL ke COnelke

Hy?%l‘ kg COzC/m2 °

2.3 EF&E# / International Standards

ISO 14067 (& ik e B )
EN 15804+A2 (M EEgEME & EPD)
PCR /CFP-PCR (ifSARA 3 & HA JEMAVIP %47 )

2.4 FEZRIFR / Primary Data Sources

ICE Database v3.0 ( University of Bath, UK )

Ecoinvent v3.9 ( Switzerland, global LCI)

EPDs per EN 15804 (EU industry associations & manufacturers )
Japanese CFP/EPD system (JEMAI)

HIR5 | R AR # {52 EPD S0 GR H Rt > MBS IRk 58 25 -
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3.1ull A1 - A3 PCF Comparison (Same Spec) / ik & BIELER

Functional Unit / THAEEEAZ : 1 m?x 2 cm (Al - A3 » S¢S E A / Finished
surface )

PCF
PCF (kg Mass Density per 1

Material / #16H COselkg) (k) (kg/m) mf (kg Notes / 53-f&
COze)
Wood (Timber, . : 0
. 0.05 - 0.6 -  Biogenic carbon stored / 4=
Softwood) / KERAFA ~12 ~600 o ,
(oA EA) 0.15 1.8 fF ) PN AR
Natural Stone
(Granite/Marble) / KZx 0.12 - 250 2600 6- Quarrying dominates / £EHEFES
e (fEpa R 0.25 13 EAGEE R » VIEEE N
)
Artificial Wood . . .
. Resin adhesives add emissions /
e p e 0ae <l ~T00 7 RSEERMR IR © T
AR (HrdEfk/al 035 5.0 ,
- MR 2
1B
. 0.25 - 9- o .
Clay Brick / %51 f# 045 ~38  ~1900 3 Kiln-fired / 22Jee8UFE
~90 - 93% quartz + 7 - 10%
high-performance resin; not self-
burning; toxic byproducts when
Engineered Quartz burned; major hazard is
(Quartz Composite) / A 0.35 - 44 ~2200 15-  respirable crystalline silica dust /
Ea CAEES 055 24 FELYE 90 - 93% - FitHE 7 -
) 10% s NERE 5 PRERIEY)
HMEEE  FEE R AT
AFERRI AR A G i R
{ERSH EE
Ceramic Tile / ZHE 0.5 - 40 ~2000 20 - High-temp kiln (>1000 'C) /
(FgZEL) 0.7 28 i ZE N
Cement Plaster (Render) 0.6 - 40 2100 25 - Cement drives emissions / 7KJJE
| ZKERDHER H 0.9 38 aEREEETHK
Float Glass (Exterior : . -
Glazing) / FPH 3 }g 50 ~2500 22 gg%gﬁgg%m melting / ¢

(S EEE )
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PCF
PCF (kg Mass Density per 1

Material / #77} COselkg) (k) (kg/m) m (kg Notes / 5Ff&
CO2¢)
18- 730 - Very energy-intensive smelting;
Steel Plate / $fi# )5 ~157 ~7850 5o, very high PCF / fix = 5EREA
' TR > i e B =
~90 - 95% resin; highly
flammable; continues burning;
Resin-based Artificial 20 - 70 - thick toxic smoke (CO, VOCs,
Stone / Nigfa (ifs 3' 5 ~36  ~1800 15 styrene) / A= &4 90 -
FE) ' 95% ;5 fiFylhEE H R FaER)
v EEREREEREYE
(CO ~ VOC ~ R )
Paint (Exterior Acrylic, Thin layer, needs repainting
0.2 mm film) / FME&EZE 2.5 - 0.6 - 7’ o
WA 02 40 ~0.24 ~1200 L0 evel.’y 10 - 15 years / J& gt\_
{65 5 A 10 - 15 4EBE—
mm &)
S Notes / Efi#

1. Paint / 5%} The lowest per-m?* PCF value is only due to extremely thin coating;
exterior walls require repainting every 10 — 15 years, which significantly increases
lifetime emissions.

FR B BEERER G ; BEIMNEFTR 10- 1S FEHEE -
ot AR E=an B - PR BT -

2. Density / Z2F&: Physical property of the material, mass per unit volume. Example:
granite ~ 2600 kg/m?; steel = 7850 kg/m’.

IS MRS - BIEAIEEAVE & o F1A0  fERES ~ 2600
ke/m® 5 $iFF =~ 7850 kg/m’ °

3. Mass /B &: Formula = Density x Thickness x Area. For 1 m* x 0.02 m: 0.02 m® x
2600 = 52 kg (granite).

'BE:1E/\= = Density x Thickness x Area ° BL 1 m? x 0.02 m J&/E A5 : 0.02
m® x 2600 =52 kg (fERaE) °

4. PCF per m? / B /A RBEERS: Formula = Mass x PCF per kg. Example: granite
52 x 0.20 = 10 kg CO2¢e/m>.

B8 R B AT = Mass x PCF per kg » 1401 : fER&7E 52 x 0.20 = 10 kg
COze/m? »
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. Wood, artificial wood, paint / A& ~ AEARMELZHE: Applying 1 m® x 2 cm is
unrealistic; very different strength and lifetime. PCF per kg 18 a fairer basis for
comparison.

FIREL N FEARM FOBRAERER 1 m? x 2 om B > HE Ay BloafE 7 Bk -
It > DA PCF AT Rybbis e T Ry o

. Engineered Quartz / A#E/A3E: Resin content is low, but higher-performance resin
emits more toxic byproducts; main hazard 1s respirable crystalline silica dust released
in fabrication, linked to silicosis and 2024 nationwide ban in Australia.

Nigads © fAsEEAE - BRI LB B EREYHEEE S e
FRRZACUE] ~ BRI 2 45 5 S b A EE - RN 2
WY B R 2024 FEABIEEA -

. Resin-based Artificial Stone / ANi&fa (BfAEAFE ) : Resin proportion very high;
burns easily and continues burning; produces large amounts of toxic smoke (CO,
VOCs, styrene).

Nt (BilERT) : BilEaEMs - PVESFEDTRIRREGTEE
& DK 2 iRk EE KR -

. Natural Stone / K#3F#4: Non-combustible, produces no toxic smoke; in fire, breaks
into coarse fragments that mostly fall to the ground, with minimal airborne risk.
RIRAM © ARG ~ NEAFEBES  KEPERABEBENE - E25%
JAMTET > 22 RSB F R AR o

. Steel as real fagade products: Corrugated sheet (1 mm) has a PCF of 14 - 20 kg

CO2e/m?; cassette panel (3 mm) has 42 - 59 kg COze/m?. These values are far lower
than the 2 cm plate shown 1n the table, and they position steel realistically between
cement plaster (25 - 38) and resin-based artificial stone (70 - 125).

S EERIMESER © #E0R (1 mm) B HARBRER & 14 - 20 kg
COze/m? ; S /BEMN (3 mm) A 42 - 59 kg COze/m? - iZ LE8{E BRI FE T 2
cm [T 280 - 390 » WEHEHTEAE/KERRE (25 - 38) Blfgifs BRI A
i (70 -125) ZfE °
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4.1 Use Phase & Durability / {55 FH P& ES BN A

o Natural stone: Very high durability and weather resistance, requires little maintenance;
surfaces can be refinished (repolished).

e Ceramic tiles: Durable, but joints and waterproofing layers need maintenance;
damaged tiles are difficult to reuse.

o Cement plaster: Prone to weathering and cracking, higher maintenance frequency.

e Wood / Artificial wood: Requires protective coatings and regular maintenance
outdoors; durability strongly affected by climate.

e (lass and steel: Strong functional use but high energy and maintenance/cleaning costs.

o KRB N AR M - RAEE  RE AT GRIT ~ Fil
JE) e

o PEEW : ME > BRI KEH e © iR R EA -

o JKJEHKH : ZE(bEH - IR -

o AMINEARM * INETORE R ELE IS - M AR -

o DRSS, DhREVERERER B RS -
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5.0 End-of-Life & Reuse / $7k& - BEEEELFEFIF

o Natural stone (Reuse): When mechanically fixed (dry-hanging, anchors/bolts), panels
can be uninstalled — metal fixings removed — cut/resized — reused. The material
remains raw stone without chemical treatment.

o Metal fixings cannot be reused as-is, but can be recycled (potential
substitution benefit at stage D).

o In practice, this enables near-zero construction waste, with C1 - C4 emissions
much lower and D gaining recycling benefits.

o Artificial/Composite materials: Usually mixtures (resins, binders, fibers). After
removal, they cannot be separated back into raw materials. Disposal often means
downcycling or energy recovery.

o (I - C4 emissions and handling losses are often underestimated or ignored,
and D stage substitution benefits are limited.

o Fair comparison suggestion: Besides A1 - A3, it 1s recommended to quantify reuse
rate (%), metal recycling rate (%), and transport distance after demolition, and present
a sensitivity analysis including C and D stages.

o RRAM (BF) : DUEMERE (828 - #0508 ) & ik — ks
&1 — VBT — B - MR BIRA G - AR EFEEEEE
o

o “EBEEMHRNARAER  HEREWra (D BEBEERSES) -
o B LAE B S Cl - C4 HERIERE » D PEEES O
R e

o AT/EEME (BEDIERERIER)  ZREah (s - 3h457) - 44
E) o PrBRREELL T BEE R ERNREE & DL BEgRIE 5 sETREIUR FR
o

o Cl - C4 BEBELER AR H 4 (BAEERBHR » D B BB ZR -

o NEREYEESS C R AL - A3 FFRAN BUUEE(E A EE EAR

(%) ~ &BHFEWER (%) - FrbrEZEHERE - WENER4EHE C B DAY
KERURE 74T -
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6. Key Messages / iR E

1. Under the same specification (I m* x 2 cm, A1 - A3), natural stone has a lower PCF
than ceramic tile and cement plaster.

2. For stone, quarrying is the dominant emission stage, while cutting and polishing
contribute relatively less.

3. Reusability and recyclability (stone panels + metal fixings) give natural stone strong
advantages at C/D stages, enabling near-zero construction waste.

4. Artificial/composite materials cannot revert to raw state, resulting in hidden or
underestimated burdens at end-of-life.

5. Public reports should always state functional unit, boundaries, data sources, and
versions (ICE v3.0, Ecoinvent v3.9, EN 15804 EPD, JEMAI) to avoid
Mmiscomparisons.

I ERRE (1m’x2cm - Al-A3) bEEE - RAVOMEREBMER ZHEECERR
A e

2. RevOM DL BRI R EEBEBORIR ¢ UIEIEE AR ERREY ) -

3. HIFHIE A S BRI ERIAOMAE C/D FEE BB (ES - AT T

JE -
4. NTAEGEMREEDIEERBIEE - 45 C1 - C4/D B EA RS SORTT 75T
AHIFERL

5. ABECH-FEIAREY R THREEEAL ~ B5R ~ BRIFRFEERKA (ICE v3.0
Ecoinvent v3.9 ~ EN 15804 EPD ~ JEMAI) - #GREssRIE/ESEFL 2RI -
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7.0 ] Conclusion / 455

Natural stone combines low A1 - A3 PCF, high durability, and reusability. To compare fairly,
PCF of building materials should consider the life time of each material and the PCF during
and after uninstallation. Although this may not be necessary at the planning stage, it becomes
critical during uninstallation and renewal stages, which can stop or slow down development
and the economy. / KZNEM 3 EARYTHANR @8 ~ S A B EH ZBF4 - BT A
LLig - B HIh E PR B H Sy - DURIFERIBIE BRI AT E BT - BEIRTTAR
PEEEARDNEESE - (BAEHFPREL SR TR EL I R RAEE 2 - [N Ryl vl e G H B B e 4% 38 fe Bl
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9.0 Appendix - References / ff$% - SR

ISO 14067: Greenhouse gases — Carbon footprint of products — Requirements and
guidelines

& 1SO 14067 Standard https://www.iso.org/standard/71206.html

(Ofticial ISO standard; purchase required. Used 1n this report as the methodological
framework, not for direct figures.)

ERIPE A AR (4R 4R ISO 14067 (ZE SubR e BisRE )

o BEUTEERE > BAHEEE - AlESIHHEITAER  SFEBEEAKR -

EN 15804+A2: Sustainability of construction works — Environmental product
declarations — Core rules for construction products

@ CEN EN 15804+A2
https://standards.cen.cu/dyn/www/f?p=CENWEB:105::RESET::::

(European construction product EPD framework; purchase required. Basis for all
European EPDs cited here.)

BOMARZE EN 15804+A2 CEMERRERE SR ORE )

o B EOMELE - [AEEE - BAHSES |H ZBONEM EPD HIHKE -

ICE Database (latest available release) v3.0, University of Bath (UK) — Embodied
carbon factors for construction materials

& ICE Database Download https://circularecology.com/embodied-carbon-footprint-
database.html (Public and free. Figures for stone, brick, concrete, steel taken from
ICE v3.0 Excel, Table 1.)

BEER O HT A28 ICE Database v3.0 (B ESTRERIE)

Or NFRE o AHGYIGH - B JREEL - s EEEKE ICE v3.0 Excel
AE

Ecoinvent v3.10 (Switzerland) — Life cycle inventory database

_@ Ecoinvent Database https://ecoinvent.org/ecoinvent-v3-10

(Subscription or academic license required. Figures for stone, cement, glass, and
metals are from global average datasets.)

$51: Bcoinvent v3.10 (&3R4 @IS BEERIE )

Or TR RRIBEEMTIZRE - REEIIEM - /KE ~ 388 - &BEFEIERKEHE
BERCPHHEREE -

Confindustria Ceramica (Italy) — Ceramic tile Environmental Product Declarations
(EN 15804)
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https://www.iso.org/standard/71206.html
https://standards.cen.eu/dyn/www/f?p=CENWEB:105::RESET
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https://circularecology.com/embodied-carbon-footprint-database.html
https://circularecology.com/embodied-carbon-footprint-database.html
https://ecoinvent.org/ecoinvent-v3-10
https://ecoinvent.org/ecoinvent-v3-10

@ Ceramic Tile EPDs https://www.confindustriaceramica.it/site/en/home/epd.html
(Free PDFs, registration may be required. Used for ceramic tile PCF values, EN
15804-compliant.)

HAFEZE TR (Confindustria Ceramica) - 88 EPD (4% EN 15804 1=
)

¢ RE PDF > #0rfRatfit - Ay EpiEdEs |- E H EPD -

European Natural Stone EPDs (via IBU EPD Online Portal, Germany)

@ Natural Stone EPDs: https://epd-online.com

(Free access to veritfied EPD documents for marble, granite, sandstone under EN
15804.)

BXMR A4 EPD (788 IBU EPD 4% EE6&)

O REHS - IRt R A - fERE ~ WA EN 15804 F#EHY EPD 3¢
-

Japan Environmental Management Association for Industry JEMAI) — CFP/EPD
system

@ JEMAI CFP/EPD https://www.jemai.or.jp/english/

(Entries for stone, cement, ceramics, glass, and metals. Requires registration, available
1n English and Japanese.)

HAERBEREHGE (JEMAD) - CFP/EPD 4%t

O HEOM -~ KR - lE - B3 - £B% - Fa o IREEHSCEIESCE

Architecture & Building Research Institute, Taiwan — Green Building Material Label
& ABRI Taiwan Green Label https://www.abri.gov.tw/

(Ofticial embodied carbon factors for Taiwan-certitied green building materials.
Public access.)

BBV - SKEMEE
O ABHEEE - SRt SEREE A YRR BB T ¢

UL Environment — Quartz Surfaces Environmental Product Declarations (EPDs)
@ UL Spot - Quartz Surfaces EPDs https://spot.ul.com/main-

app/products/search?searchType=EPD&query=quartz%20surface
(Official UL certification database for Environmental Product Declarations)
Olfticial Environmental Product Declarations for engineered quartz surtaces, mcluding
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file:///D:/Documents/Promotion%20of%20NS/台灣區石礦製品同業公會/媒體影片專案/🔗%20Ceramic%20Tile%20EPDs
file:///D:/Documents/Promotion%20of%20NS/台灣區石礦製品同業公會/媒體影片專案/🔗%20Ceramic%20Tile%20EPDs
https://epd-online.com/
https://epd-online.com/
https://epd-online.com/
https://www.jemai.or.jp/english/
https://www.jemai.or.jp/english/
https://www.abri.gov.tw/
https://www.abri.gov.tw/
https://spot.ul.com/main-app/products/search?searchType=EPD&query=quartz%20surface
https://spot.ul.com/main-app/products/search?searchType=EPD&query=quartz%20surface

Al - A3 cradle-to-gate carbon footprint data.
r UL BRIRREE AR EIR IR MR E T 0 i Al - A3 PEEChR & BREHE -

OSHA & NIOSH - Hazard Alert (2015)

@ Worker Exposure to Silica during Countertop Manufacturing, Finishing, and
Installation (OSHA 3768)
https://www.osha.gov/sites/default/files/publications/OSHA3768.pdf (U.S.
Occupational Safety and Health Administration & National Institute for Occupational
Safety and Health)

Official hazard alert linking engineered stone fabrication to respirable crystalline silica
exposure and SI[Icosis 1isk.

O BRI E AR SR RIVE TER - R S a R EE
AERE R &S ALY TR BE ELRY HifiE e -

Safe Work Australia - National Prohibition on Engineered Stone (2024)

& Engineered Stone Ban - Safe Work Australia
https://www.safeworkaustralia.gov.au/engineered-stone-ban

(Australian Government official site)

Australia’ s official prohibition on engineered stone nationwide (effective 1 July
2024) due to mcurable silicosis cases among workers.

O EMNBUNBE TSR > B 2024 7 H 1| HiEemEZ I {EA AN EAS > 7
R R it (i 5 G R -

Safety Data Sheets (SDS) - Unsaturated Polyester & Epoxy Resins

@ Dow Chemical SDS Finder
https://www.dow.com/en-us/support/sds-finder.html

(Global chemical company SDS database)

Standard reference for combustion properties and toxic byproducts of resins
commonly used 1n artificial stone production.

o foifE CREERIEEEEE - e ) 2Z2EREFE > r A Eat A
s < PREEFF A ERIEY) -
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