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Introduction: Environmental sustainability in the ceramic tile industry has gained
global attention due to its signifcant impact on the building and construction
sector. Sustainable production strategies are critical to reducing environmental
footprints while maintaining economic growth.

Methods: This study evaluates and compares the environmental impacts
of conventional ceramic tile production with four proposed eco-innovation
scenarios using a cradle-to-gate life cycle assessment (LCA) approach.
Environmental impacts were quantifed per square meter of gross foor area of
ceramic tile using SimaPro Faculty version. All four eco-innovation scenarios
were compared against the conventional (base) scenario. Scenario 1 partially
replaces virgin raw materials with waste materials (e.g., fy ash). Scenario 2
focuses on energy recovery for heating during the drying process. Scenario 3
substitutes conventional energy sources with cleaner alternatives. Scenario 4
integrates all these eco-innovative strategies.

Results: The analysis indicates that human carcinogenic toxicity is the most
critical environmental impact across all fve scenarios. Among the eco-
innovation alternatives, Scenario 4 emerges as the most sustainable, achieving
a 26.73% reduction in terrestrial acidifcation, a 23.23% decrease in stratospheric
ozone depletion, and a 21.36% reduction in global warming potential compared
to the baseline scenario.

Discussion: These fndings provide valuable insights for policymakers and
ceramic manufacturers in Sri Lanka, supporting the development of sustainable
strategies to enhance environmental performance. By integrating renewable
energy, waste materials, and energy-e¥cient technologies, the ceramic tile
industry can transition toward more sustainable production, striking a balance
between economic growth and environmental stewardship. This research
addresses local challenges and contributes to global eforts in sustainable
manufacturing, setting a precedent for other industries.

ceramic tile, life cycle assessment, eco-innovation scenarios, mid-point environmental
impacts, sustainable construction
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1 Introduction
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1.1 Environmental impacts and
sustainability in global ceramic tile
production
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2 Methodology
2.1 Life cycle assessment framework

N
I 0 T T
8 A A W T U R WL
0 0 1
1000 0000000000000 DOCDOD0O] OO0 0iCoo0ooino0on 00n to0Oomag
8 0
Q00000000 00000 OO Ciion0Uonton Ior ooo f0niio0000 oooouoam
(I D0DO0O00! 00 fooooobooon b0 00000 1000 0EO00I00a 0000 bOo000!
0 1
10000000 0000 0000000000007 0000 Dobomon O000000000mD 10000 oiood
000000l bOOIbbooooonn 00 boboooi founbo Coootn 10000 oo
80 I A A [ M W A R A TR
I00I0IC00001000000 Doooioon

(1000 000007 i000I000D 0000 00010000 000000000000 0o000g0Ii0
(0000000 bon JOooooC0ioon 0o boooooeioo 0001 00foo0oton ooIoooon
(00000000 0o DOobooem tO000n botoooito 00000 booimoookD Oommitioo

0 T A o MM

10000000 DODON 0oDO0mooo 0000 0ho00C 00000 bCo0o 00 OO 00000
(1000 (00000000 0Eooe 1000 boinooieon 0o 00000l Doinoo oo

Frontiers in Built Environment

000000000000 b oo 100000 bOooo0o01 0000l bo0I0oRan ool ioooo

I
I
I
0001 OoON000 b00O! D000 Cobooriboo 0ol 00obooo ir 00000000
I
I
0000001000 0O0n Oooooon Dooboootoon booiitooooar ton 0oon OoooomD

frontiersin.org


https://doi.org/10.3389/fbuil.2025.1654253
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org

Vijerathne et al.

10.3389/fbuil.2025.1654253

8,000 7312
«» 1,000
Y
&
E 6,000
£ 5,000
z
“ 4,000
=
2
g 3,000 2,300
2,000
927
1,000 —57-9—519—499—489—431—430—385—
31
0
China India Brazil Vietnam Spain Egypt Iran Italy Indonesia Turkey  Sri Lanka
FIGURE 1
Ceramic tile production in the year 2022 (in millions of square meters) by global top manufacturing countries, including Sri Lanka. Source: Prepared by
the authors based on data from the (Manufacturing Economic Studies, 2024) and average production statistics for Sri Lanka from (Daily Mirror, 2023).

000IC00O00000 [O0000 b00m00000! fIboibooom O bOoobo Do0I0oo
0000000000000 000000 001I00B000000000000100000m 0001 000000000
0T T A
O A R W M
0000 DO000D00N 000000000 DODIRooon 0000 D000l 00000mdn Ceoao
100001 00000 0000I0000IO0n 001 cODO001 0001 DOOICO0n 00000 DOno000n boo
00000000 bO0I00000I00D 1000000 3000 I0I00000t0] C000o00 oomooIonn
(000 I00BI0000m000 0o 0hoooontn booon [oidoOoiodr 00007 ooD boooo
O000I0oi0000I000000000N CO0I00000000 0001 000000000 0000000001000
00 00007 000000000 000 000bo0mminn bOotbo 00000 oooioo0IoD: oo
00000007 0000 C0000e0000I00n LOO00omD 0o 000000007 titCooooao
0000000 000 0000ooe00 booo bOobiot footoo0on 0o 0oorwboboom
0000000 CooonioOotCOonn bonmiomobooooneooo00mooonoonn
0000I00000M00IODOOOOOOIEo0000o0

2.2 Goal and scope of the study
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2.2.1 Eco-innovation scenarios and the

mid-point impact assessment comparison
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2.2.1.1 Scenario 01: replacing virgin material with waste

material: fy ash as an alternative to feldspar
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FIGURE 2
System boundary of the study outlining the cradle-to-gate scope of the ceramic tile manufacturing process. lcon by The Noun Project, https://

thenounproject.com/, used under CC BY 3.0.

Sample: b

Sample: a

FIGURE 3
Selected (a) fy ash sample and the (b) cookies prepared.

TABLE 1 Efect of fy ash addition on the fred properties of
ceramic bodies.
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2.2.1.2 Scenario 02: liquefed petroleum gas savings in
spray drying and horizontal dryer through heat recovery
at the kiln
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TABLE 2 Liquefed petroleum gas consumption reduction in spray dryer
with heat recovery system installation.
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2.4 Life cycle impact assessment
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TABLE 3 Grid electricity demand reduction with solar PV system.
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2.2.1.3 Scenario 03: replacing grid electricity with

renewable energy from a solar PV system
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2.2.1.4 Scenario 04: integrated green scenario with

alternative approaches
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2.3 Preparation of life cycle inventory (LCI)
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2.5 Interpretation of the life cycle
assessment results
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3 Results and discussion
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TABLE 4 Data collection plan.
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3.1.1 Mid-point impact analysis of eco-innovation
scenarios with the conventional scenario

000 0000007 00000000 0001 0000000000000 1000000 0 000l
00000000000 00000000 00000 00000000000 000000000 000! 0001 10000
000000000 0000000000000 0000000000 000 00000000 000000 000000000
100000000000 0007 0000 00000000000 000000000 00 000000100 0000
00000000000 000000001 000000001 000! O 000 000i000000000000 000000
1000000100000 00000 0000000000000 0000000 00000 D 000000000 00000000

Frontiers in Built Environment

00 T A A
T A A
0000 bOoo0em boo Do0bE00mon! boo! DoniobIbon 0otinbrbon ool
000 T 1 o
0000000 00000010000 000 000100007 b000O000 10t CoC0C0b0l 0000000000l

I

I

A
ON0I00000 0000 0000000000 00000000000 O 000000000000
00000 0oboooito

(100 0000000000000! CI00000000 booIbboO000en 100000 0o 0o00
Ii000000000 booOeoioon ohO000000 0t joon boOo000m0o0on ooOo0ooD 000
(0000000 10 HooinCrO0minatoonoeionoroironobnn toomoo

frontiersin.org


https://doi.org/10.3389/fbuil.2025.1654253
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org

Vijerathne et al.

10.3389/fbuil.2025.1654253

TABLE 5 Process-based LCI of cradle-to-gate ceramic tile production per 1 m?, based on the 1-year average production data provided by the

manufacturer.
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0000I0000000000000 oooonn? 000000
000000000010 0I0n00010 00000000
000O000000000000 oooono? 0oomog
00000 alalmg oomoo
Oomomo pm Qioo
n{a/mulm i mjainiil] alai(mg aioo
QuIo0Io0oo oog? Qioo
oooomn omo? Qioo
oo oo Qioo
OOooon
0000000000 ooog® Qoo
0I000000I00100I0000000 ong® Qoo 0oo oo aini
000000000000 0000000000 ooog® Qioo ooo ao Qioo
main ulia]m Qoo walua{aininm{aagn oo nilni
0I000000I00000I00 00000 oog® Qioo 0oo ao QIoo
O00II0OI000I0I000000 000000000 ooong® Qioo ooo ao nini
OO00I00IoIC O ao Qoo
000000 og® oomoo
OIoOI0O0OnI000N0o OIomooonog og® 0ooog
0000000000 ooog® Qioo
0I000000I00100I0000000 ong® Qoo 0oo oo aini
QuoIonIog 0000000000 ooog® Qioo ooo ao Qioo
walua{aininim{aagn oo nilni
00000I000000000000000 000000000 ooog® Qioo

3.1.1.1 Scenario 01: replacing virgin material with waste

material: fy ash as an alternative to feldspar
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3.1.1.2 Scenario 02: liquefed petroleum gas savings in

spray drying through heat recovery at the kiln
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Normalised mid-point environmental impact values (in points) per 1 m? of produced ceramic tile, covering cradle-to-gate scope generated in simapro
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3.1.1.3 Scenario 03: replacing grid electricity with

renewable energy from a solar PV system
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3.1.1.4 Scenario 04: integrated green scenario with

alternative approaches
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3.2 Comparative analysis of global and
local ceramic tile production impacts
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TABLE 6 Impact categories in unit values for the scenarios and the improvement rates compared to the conventional scenario.
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TABLE 7 Profles of This and Previous LCA Studies on ceramic tile production.
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TABLE 8 Summary of the LCA results for m? of ceramic tile production from previous studies.

Impact Unit This study —
category conventional
scenario
OOmiooiooo
dmooan 0ooOyoo 0ioooooo 0ioooaoo 0ioooooo 0moooan 0oooooo 0ioooooo 0ioooooo
00000o
[J000m DOi0omoa Qoo Qg 0000000 0noooo Qg aod [ma{m]
0ooomog
0000 0oinimoa Qoo [ma[m] 01000ooo [ ]a{m] [ma{m] 0od [a{m]
Q0oomooa
omom oP 000000 0iooopod 0000000 aoa aoa ooo aoa
QOoomooo
Oonom alaulini{m]ajiu] 0000000 Q000000 0000000 o om oo i)
0000000000
Qoooon 0 o o 0000000 0ooooog 0000000 0ioooooo aoa (]|} oo
1000000
[N00000000m 0OoO, oo 0000000 0ionoooa [0i000O000 [ionoooa (ionoooa aod 0ionoooa
000DI000000
[N00000000m DOiDmopOooma 0ioooooo 0ioooaoo 0000000 0ioooooa Qg aod [ma{m]
000000Iomg
O0000mooan 0o Qoo Qg 0000000 [mi{m] Qg aogd [ma{m]
00000000
000000 00I00000OI0D 0000000 0onoooa 0000000 000000 01onoooa [m{a[m] 0I000oooa
QJoomooa
0I0OOI0T | Ooioooo 01000000 01000000 01000000 ajma]ma) win oo il
0000000In0oa
Oomom omomg 0000000 Q000000 0000000 o om oo jia]
0000000I0000o
000000000000N, 0000000 oo Wil 01000000 Wil Wil oo Wil
00ooom
l0oOomoo
(000000000 poiooooomo 000000 (iooopod 000000 aoa aoa oo aoa
J000000omn
10000100 0ooooooo oo win 01000000 il i oo Wi
10000000
00000 [ (] a{u]n] 0iooooog aoa
00000000
0 0° Qoo aoa 0000000 [ ]i{m] [a{m] aod aoa
i ama(mluaial]
000000000 Co00onn CIoom oooonmoonoononmoooooomomoooom 4 Conclusion
N 0 T A
0000000000 0O0 0000 0000000000000 00000mD 000000000000 0000 Oomoomo (100 00000000 10000000D 000000 oo 0o 0oiooon Ioooo0oon boooooon
000000000 000 0o00A100000] 0000000000 DOO00T 0O00 00000MtOI0C0 000C0iOo0N CODO0ID0000IC0] CO000000000 OO0 0000 00000000000 0odl
01000C0O000Imo0O0000 I0Co0000n Dobnhoo 0o nomoc 0000000000000 0C0I0IC o0 000l 0000000 coooooom boO oo

Frontiers in Built Environment 12 frontiersin.org


https://doi.org/10.3389/fbuil.2025.1654253
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org

Vijerathne et al.

10.3389/fbuil.2025.1654253

000000000000 000 DOO0DOo! 0hoooOomeon 000n DOoitoo 0oo0obon 000000000 0Oo0io0! 0ooibon 0800 [0000oomoon 0ol 0000000000 0ooooan
00000IC0I0ECO0ImINI bO0Ii0o00too 00000000 boto 0iboon! -+ 0000000 000 bo0oo DL 60 ib oo booodr 000eioon biomooo fomooot
O 0
000I000000 00000 Dienoomno! 000mDoD0oiooD DO0ODoom OI_O00i0Dl C0000000COi0N00C000000000000IDOno0IionnoConotoo0000oa
8 0 T A
0000 DOONDOO00000 DOooobom 0007 00000007 000l O00m [o00oioooitr - 00000000000 00000 Oio 00D 000 iio 00l D00t o000 1010 dioio o0

000i000] 0ol 0ofr GOoeooonl Dooooooom 0ol 0ooooool Door oooooOoodo
O 8 A N M
0000000000000 000000n D o00mo0ootim 0ooooinoi oo oot0ooO0em
0 0 T o
0000 0O0i00b0! 0000000 bO0tbo0O00000 bo000000 Den00mmon! 100m
000007 0000i0000000! [00000m 00000] 000000001 be000maD 0000 ooooao
0 o M
0 R W R W

[J00O000 0000000000000 - 000000000 - 00O0O000000 -+ 0001 - OioO00o
00000000000 O000m 00000o 0o 000000000 300 o00omooOD oo
00000000000 00000 0e0C0o 0000 007 0b00b00o0enon 00000000000
0100000 Loooooo 0o bo0toRoO0om oonoooan fto 0o 000000000
00000000N 0Dh0bOoomon 0ol boOooomdiotr boioiton boftotodoomn
0000 0000 OO0 f000e0000 booo 0 Cieo00 bobooooo: 00N [oboo booo

L | M A W
1000000 Doooon 0Bionoiboo bhboo booObrbon Jeobom bibobooon
00000000 O 000000000 boan noO0booo boo! fooooooo
000000 0O0IDOID Oo00ooon 00 000mo000l Ooi02o0i0000 000l Ooooooio0o
0000 1000000000 000mobODoo0n booiboa00000 I00 Oe00I0o0o0e0
(00 07 0000000000 00007 fec000e00 0000 i0000007 Coo00 i000000000 00n oo

[

I

000000 0000 booooO0 ior 0000o botiioor oioooOooo! booooboooeo
(000000000 fO0ob0on! U00bobiOar DOonoibo00: 0bO00o0ow OoboiooOo0n
000IoC00omoO0moonenOom boom:

0000000000 00000 0o0c0ooCt DIoDmoooo 0000 0O00oioooon oo
000000000000I0On OODOODCb00oD 0o bOoCOO000n D00oo oo
00000 DioOioooooor 0Booor Don 0ooon oboooitood booooon booooooo
0000 000000000000 CooomooonD 0oon Do 0oobOm 0eooCo (o0ooinm
(000 000000 0oo0ooeo On 0000o0ooBo0n fcoboboool ioo fooooioorm

0000O000000! 0ot 01 D00 000boBoo: 107 0ot 00000000000 Do

0000000000 00000000 000000000000000 000000000 Io0! 10000000

00 010007 0o0mo0l IOl DOO000 0000100000001 0000000 000000007 00
0t T A WA M A A I
0000 OOb00 boooboooo! 0o Cioo o o000 boobboooo beooomon 0oomooon
000 0Ib0O 0oor 0000 0booo00oe0oo0D Iooimon oo toCooooo
000 0b0ON O0oOmonoboitn 00007 Do0000000000 o0 boooooe0a
T
00 00000000000 DO00000O00000  DOO000ID0001 - 00000000000
00000MO0m  0oooool  CJDromn  0ODo0m  boooooOioow - Dioooocoom
0000000OE00n OB00r bono0oo0: J07 fooo000oiom bOlooooorton otmo O
000000 00000E00m O bIooonOomtooomoC o botlon 0000 ooao
N T T 0 R
000000000100100I0001E000ibo0n 000000 Do0000en 0oo00Ino0o00an
01000000 booooome0: om homo O 0O00oooo! 0D 0to1to0000I00! hoooao
(00000000 000000000000 0000 CibOoon boonbodobior botntdo0oao
00O00000I0TOo0Ioob0Nb0no0o0nooNObOmoboUoobbOno0o0monn
8 0 00 T
0 W W W
00I000O000000000I0I o0 o00000I00t: D Omo0i000 000001 O 0o00i0aa
000000000000 bbO0I0I00 Domb BO00000000 (ool Doooo Coiooiom
0 A A W R W W R R W T W
000000 000 CO0COo0! DOoInboO00mon [O0oom Donm Oooioeing
0000000 Loomom

Oo00o0r 0000000000 0oboooboo boml jOo00Diooobol OOono0iboon
000000000 000 0000 DOOO00ition .Oooomr 0000000000000 oeao
(0000I0O000 Coool 0o0D0oInOIoCo 00boobooman 0o o0l booodioa
1000000mD 3000 bO0l bOD00000000 0000 Co0o0om0D 000 [0C0o0oe0l 0000
000 I00000IboIoon [0Dooomo00 1B00boo0D 000 DooonD 0ooh 0o0oO0oa
I0000I0mOo0o0e0me0I0mE00Ib0 00t 0 onCoimoNit0no0o0
10000000000 DOBOODIDD! I00C00000m00] o000l CO000oon 00000m 0000000
(0000000 0000 bboooo0m boboool I0ooCOooEm 0ol biobo (OO0
0000 10000 0o0IIo000o 000 boo bo00oaDn? 0onoTno! 0100 0000000 00000 0o
0000000 000 0COUooooon DIDe00Itmon 000! 0B00000Ioemo0D bm Dooo0

0
0000000 10I00C0IDon oibohembol 0o OritCoBiiool Dooonl 0ooooo0n boo
000000IOonOI00rDOn 0o0000Ioiminoint O0oIooe00rboomong
(0000000000 o0 DOl 0000000000 oD bo0oma boroal toobO Ooooooon
0000 I0000IbO00000Io0r C000C00o 0on 10000001 bOooioo0oDoad oo oo
000000000000l 0 b0000 00000000000 M Co0 000N c000c000iooi00mioon
(1 00000 00000 000l 000000on! 00 boomot Doooor boooobooenn bm
00000007 0oon C0O0000i00I000 oot oo beobol 0o 0oooionCC0n 0oooboo
1

I

I

I

I
I
I
I
I
I
O O T
I
[
I
I
I

N
00
00000m 000000 00b00I0R0i00r 000 DOinO0n D00h00000al DoomDme0l 0o
O8O R R
0 0 o
0

5 Limitations

I 8 00 O A
0000001 DO7 bO0bOnIntooor o000l 1000 foobon foool 0o 0oo booal
I00ONOI0000I000mE0I00000nO0aANOoDO00000I00an00000e00a000

I
I

100000000000 D000 oom0m: fio0o0 0000001 0000 oot ool 0ob0o0mon
0000]000100000 000000m00Ii00I 000000 000 Cnoto Doi0om0n0E0000
0 A M

Data availability statement

N e

01000000000 0l DObo0ooon 0obobo0000000 boo0o0ito bO000 0ol 0000000

0 0 A

10000000000 b oit0i00hoo0 Ooioo 000000000000 Cooot 0o000a0

Frontiers in Built Environment

(0 000 0000000000000 0ol00m

frontiersin.org


https://doi.org/10.3389/fbuil.2025.1654253
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org

Vijerathne et al.

Author contributions

0 W A
I 1 0 T
0 i 0 A
0 0
100000000 0o0ioon 0o0oinintbon 00w booooomiton 0ooioom
0000000000000 oo 0l 00000040 bOo tomioon Dotooot0n0oIRom
00000000000M0bON0C0OonUoooonHdonoomoan

Funding

100 bO0C000oo boBooor 0oom DOo0ooion bhboooom OO0 dooomono
(000 0000 bEnb0ODo! boDooo Dobioomonn Lo o0 booitoon [l boooo
0000 0000000000 000 O0ioocomool O 00000000 Diboooiog 0Ba
Q0000000

Confict of interest

101 0000000 0000007 00007 0o00 boooeooon oo bhoboooo0o ioo oo
0 A A R A A A R W W
0000I000oI0mODOioOoonooOOiomon loonooom

10.3389/fbuil.2025.1654253

Correction note

0 W W R A R W [
0mIbOoooooO0mo0ooImooooo0n

Generative Al statement

100 0000000000 0000000 0000 BO 000000100 o 000 00000 o ioa
1 A

0007 foto0000oD boom oaon ioooh 0oooioo0o tiboooioon 0o0oom 1o
(0000 DOO0OOD Doo Cobol Coboooooon 0o boo0oioodr oo oo obeoom oo
00000000 [00EN00o0on 0007 0o0ootoonm 0boooo booo? booo! Ooeon o
T A
A0 1 A M A

I
I
I
I

Publisher’s note

0] 01010701 0000000007 [O0 fO000 Co0io0oo 0007 boooudo foooar oo 0ol
0000000 bCo0 DO 0o 0hooo00oIDl Do0O000Cm o000 0o oo 0Omomnon
000000I0C0ICO0n 000 o000 0o 000 bOomhCoor foon 0omeeo 0ooo iot

I
|

M 0 0
O 0 AL
0onooooCmnioo

0000000000 000 0000 0000 000 0000 O00oC0ool 0000O0DOD I Oi000n DooCm 0000 000000D

D0I00I000000I0000Io000In0000g

References

0 0 0
[00000I000000000DO000 0000000000000 00oioo00000000 0I00000doimoiT0o00nmn
00000000000000100000I000000000000000

0 0 0 0 0 o

0000 0000000000000 00 00000000 00000 00000000000 000 0000001 00000001 00000 00000010 000
000000000NOOnCOIno00noOn0o0n0mog

800 000 0 o
10000OT0I00nIoIoo0tobO00N Oo0t00O00 0ot O0omomoo00o0I00N 0000000
00000I00000In0moo00In00

100000 OT CI000 O 000000000 o 001 oi0O000m: I O 00000l 0000000 e0o00o 0o
0 T A
0000K00n00In000000000000000

000000 O O O000000007 00 O0Noi00x 0 Doi0 OO0 0o @ 0000 00000000 @ 0000000

I 0 0 0
000000 DB000000000001 100000100000 000 D 00000 £0001000000 0o O 00 O0O00 Opomon on
[000000N00T00iDo0Oingbobooo00ooobdoa

0 0 0t T 0
(1000 000000001 00000000000 0ld000 001000010001 00000000 0000 0000000 000 O000000 00
Q100010000000 000000000 om0 CODIootnIoonooooo00n00TooEo0000000000
000000000

A I 0
{000 0000000 CE0O000 0000 0000000000 BO0i00Io0 Joo M 0ol Doodl Ooioodn 000 coooo0o0mn
0

0000000000001 O OO00O0D OO O 0000 000000000 O 0000000 0000000000 0000

000000 O00000000000 00000000000 dooiNooNI0o0Co0 0iDI000o0oDn Commoooio oo 0000000000000 0o 0000 000000000 00e0000000l 000000 C0i000010000 D000 00omooIa0g

000000000N00I00I00000NOOnoonooonioommon 1010001 2000000 11i001 1000000010 0 00000 00000 000 00000001 0000000 0Im0oannoonan
DIO00O0 OO [ 07 000007 00 OO 0000 O0OWOO0T OF OF 0000000 OO0 ooooom. ot

000000O0000100100010000d00I00r00000000I0o00im 000 O o0Ono00r000n00oo00000n [0000I0000NOnOrOINOIioCiO0000000Co0nOnOnOIgnCIiobo0irNoI000io0mooOoooan

0000Oooo0Iio0rCo0Como0N0oononoo

00000 C10000] 1000001 000 [000am: 00007 100000007 10001 100000 00000000007 007 000g
100O00o0m

(10000001 0o 000! O00io00oD O 00 00000010 0000000000 0N 000000000 0000007 0o
(0000000000007 OO Hmod foooIio0l 0io00h 0 Coio0] 000001000000 007 oo ObO0on booan
IoOomoCo0rnooooooo

0000 Om Ooooooan Om 000! 0Doo0D 0o botoooo Ooooo 0000 0o0omeol ood@
0000000000007 00000000007 0000 000000001 0I000i0 000000 OOD0 0001000 000 0000000
0

00000 O 0000000000 00 00000000 01 00000 Ol 0000 0000000000000 4n
1000007 000000001 000000007 0000007 000000 1000001 001 000] 00000007 00001 000000000 00000
000 0000 0000000 0O000! 000 100000 0007 000000 O0000m 0000000000001 DO000ID 0o0n 0000000
001001000000000000000100000000000

0000000000 000O00IONON0 0000 0moNO o000 IO O O000omooomeorOmoian
(00 0rI00oooOooooCOIioCro0nto OOt oo 0Nixdooo Conoboonontomo0n0man
00 00 A A [ )
000K0000001000B000000niD0Ioo00In000an

(Ji00000O0000D O DDhO0ioOmoE O OiOo0m O Oo0boo0Oor oo Oooon 0O
DOD0000000] O 00 00 0000000 C00001000 000000 oiio00iooT boi 00 00000000000 0000 DO00000

Frontiers in Built Environment

I O W )
0 [

0000000000000 0 bO0l Ooitio0o0n O On 000000T Ootoo00C00m Oof mdl Dooom
00 000

I T T
0000000000mo0o00n

00 I 0 A W [

000000OImoo000O0000i00Tn0000IolIoi00C00I0DO0IC 000100000010 mio00000t0o0n
000000oXOo0IbOnOorooDo CrbnNO 0 MOI00o0o0Iotoo00intoi000l00000000000000
0 0

0 0 0 1 0 T
00 0I000000C 00000000I00dI00i0N 0000000 CI0mo0 O 000I00I0DDI0IO000 O 0m0I00oD
[0000C00000CINN0000Co000niCo0i000I0bC o0 0No0I0000000CInomon

00 00 R R A [ [
8 0 A
8 0t 00
00N0000000000t0000In000000

100000000 B0 0100000 [0 Cojnia O 0000000 M OO0 00 00 0007 00000000 0D
01000000 OO0IeoIn 0o bO0I100ar 000 000! (O 010 C000000000 00 0000001 000100007 00000001 10

frontiersin.org


https://doi.org/10.3389/fbuil.2025.1654253
https://doi.org/10.3389/fbuil.2025.1720103
https://doi.org/10.3390/en16010182
https://doi.org/10.1016/j.spc.2021.05.007
https://doi.org/10.54740/ros.2023.040
https://doi.org/10.3390/app10249063
https://doi.org/10.1016/j.matdes.2009.07.021
https://doi.org/10.1016/j.applthermaleng.2016.11.068
https://doi.org/10.1016/j.clay.2014.01.013
https://doi.org/10.1016/j.resconrec.2020.105271
https://doi.org/10.1016/j.rser.2022.112081
https://doi.org/10.1016/j.jclepro.2024.140907
https://doi.org/10.1007/s11869-013-0213-z
https://doi.org/10.1007/s11367-016-1246-y
https://doi.org/10.1007/s11367-016-1246-y
https://doi.org/10.1007/s11367-011-0322-6
https://doi.org/10.1016/j.jclepro.2013.-✐01.020
https://doi.org/10.1016/j.jclepro.2013.-✐01.020
https://doi.org/10.4038/engineer.v57i4.7669
https://www.miningpedia.cn/dressing/Exploring-the-role-of-feldspar-in-the-mining-industry-step-by-step.html
https://www.miningpedia.cn/dressing/Exploring-the-role-of-feldspar-in-the-mining-industry-step-by-step.html
https://doi.org/10.15159/AR.20.132
https://doi.org/10.3389/fenrg.2024.1375820
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org

Vijerathne et al.

0000000000000 00000000 000000 0O0oDor0o0N 00000001 00n00In0000oo0mea
0000000000
0000000000000 00000O007 0000000 1000001 L0000 00000000001 0000 00000000000 00

0000O00DmOorooloDOImooman

10000000 O Dol @i CO000000] O 0000 C010m O 1000000 Doo0000 0000000 000
000003000 00jd0 Oocon 0oO0moon oo Oooo 0ooooCoomin 0000 0000 000D 000 00000000
00000o00IO000C00Dooo0I0000b0n00

0000000 O o000 0w Dooooon Gl 000! Doooo00000I00000 40 0oo000D Ooan
101 0000B0D bO00000 000! 000000 0000000000 107 1000 CooDo000001 O 0000 00000000 [0l

10.3389/fbuil.2025.1654253

0000 Om 0000 0000000000 0 0000000 OC00OOdioon 0000 DOO0000O0000n 00000m
000 00000000 00Ol 000O00oo0o 000 C0It0on 00 Oo0000On boon 000m 000m 0O000000m
O0000oo0IO0ooeoonog

OIO0momOmooioonomiooOtoo00m AnOnio000miO000 O 0000000000000 bOOm0m
0OI00000noI0D00nIO0n0C000No0 O 0000 Ci0TI0000000000DI0 D 0O0000000I00D00I00000
0000NIC0NOI000I0I0ro000000100000Ib00000eCo0o000Ioa;nng

0000000000 O 0000000 I Oimoo0l Co0nNi0n 0T Onin0000n 00000 Co0ionio0ooom
00 00 T 0 0 0
8 o

00000 00 00000000000 0000 D000 0 000000 Y (000 000001 0000 0000000000 CY00100) CO0a30i000 0003533003 CA000i0 0000001 30 {0000 00 0000i0) 10000 010000
00000I00000OID000I000ICCIo00 000000 0000 0OoonOl DoDoO0000 OO0 0000000000 0O00c0ooon 00000 DODDOOD 0o0ODonooo
_ 10001 DO00O000E DO00I0] Q00IN00E] C000CION00 000 J0000N00 OONo0noT
SRR it i S A e A S s S e
S 00000000000 00000 000000 00a00 000000000000 0000000000000,
OCOODIIONON CO0OTo0N]
D00000m O 00 00CCoDD DOO000 000000 0001 000000000000 0000000 oo

000 00O00C0moo! 0000 00odooCDbo0io0l OootoD D 000D Ol 0on - 000000
0 M

(00000000001 O oot Donooooo booooon O 0N jooooo 0oiii0rtooO0boobono
(00000000000 000! BO000I00m Doid0000000m a0 Co00rD i0000 DoomIn0m 000000 [ooooan
000 000000 00000000 00000 C0000000 10000 b0l 00000001 DOIo0In00000I00 000l
00ooo

00000007 i O 0000000000 O O 0000 000 O O 000000 O0i0icoo00 om

(00000 X 0000000 TID Omo0N O 000000 O 0O0O00ON O 0000 C0000mon On
(1000000 C000i000 0007 00000000000 100000000 00000000 De000000 000] B00CCOII00m

100000 000 0O0i0io00i0l booo oo O0mon Coooom: 000 0N 0or00o0ooicoo000ooono
0o0ooo
00 00 000 v )

I 0 T 0 0
8 W W

000000000 On Cob0en O O 00 00 00 O 000000000 0 0000 00000 05 010

000000000000 00 I
10000O0mooar \Hﬁﬁ\ﬂ\\ OO \ﬁlﬂu\ﬁﬁ[\ )00000010000NO0000t HH\DHDHDH[\WL\HHUUUUUULUULDDDD[DD[DDD g UDAOAIE DT EEE Q0L DOTIOR O O0CEE “CI0N0T: CCOTI0 OO 07 D000 O000000 00z
100000003 000 00 00000 00 0100 000100 00a000Ci00000000) 0000000001 (0003000000 001
(000000 O CoooCoan o 00000n000n I 00000 00l 0007 0oM00m [ 0 0o0oeon (0000000000 0o 0000 0000 0CoO! J0000000I0000 00000000001 000 00000000000 0O 0C0eo0Oooon
00000000O000010 0000000I00imon00 000000000 000100C 000t00In0 0000000 O o000 0ooooo
B%]D?DDD]%EDDD]DDD“%BDDDDDDDD“SEEB%DD[DDEDDDDDDDD]EDDED[ A (000000000 O 00000 0o 000! DiooooOo0n DD 0ooooon 000000 0o 0ooooooo
0000000 0000000000 OO0 0000000000000 000000000 D00 0000 0000000000000 0000000010
CIOIN0000 I 000! OO000000D () 0000001 CONO00 I00I000) 0000000000 00000 OODOOOION!  OOOOONOOONIND 000 OUDOOOOND)  OOOOOONOOD  CONOIOON 000 0000T

0000000000000 IO 0000 0o D000l 10! 0ij00I00 000000001 bOdi0 0T o 0i0000 00000 0000
(00000000T00NDOE0000oooitmbooninog

O00000000000mIIT 00000000 MICIo0000naI0000000000In0 O00000Nin00 ONmmomoan
0 o

O0I000000X i OO 00N O 000000 Tl o o00ion o000l D00 O Onioco000ioi0000

00N00000000000I00000000000

00000000 O O 00000000000 OMbO0l ONoooi0B0n dnooonoomoOmo0noooooOn
1000D000CIO0I0000MEOI000O0N000000 O 0000NN0000000010001000I0000000000a000000
{000 0ONC000! DOo00ItCO0io00 000000000 00l 000 Do0C0mD 000 000000000000 00 00000 00000
00000000000 000000000 00001 0000000000 001 0007 00007 CI000! 0000000000l 00000000
1000000001000 00000000 0000100000 01000000 0000000000 0000000I000000 00000

000000CI000 00 he00C0000000 00000 i il O 00000 000000010000 o000 Co000 00000000000

00r00ooCC00I0000I00001000000
0 0
0000000000 0200000010000 0000100000000 D 00000010 Omi0 000000 000000000001 000!
000IDN0000000I00NmMONCCrNo0e0Ne00N0C00000000N000 0000000000 c0a100I000
0000000000 0 [0 000000000 M 00000000 Ol 00000000 0n 00000000000 o

000000000 O] 00 0o 0000000 0000000000000 0ooio0o00ooD 00moOn 0000 000 D0ooomo0
0000 C0000000 0007 000bOm! O0000000000000 07 0Om CodoOn 0oon 00T 0000000000
007000o000IbCoo000C000B00nb0000

00000000] [ 0000 00 0 CI0000 00 000D O i 0000 0000000 O 0000000 000000000007
1000000 000 0000 00 DOO! 001 07 000000000000000 0000 bo00000! bOo00D! 001 0oo000oooom oo
1001 00000CCoC00N 000000000l 000000000 0001 Chn000000n 001000000l 0000 0O0000000
(000000000 DotooD0ooo ool 0000 (00000000000 o000000oon 000 I0000itioN o0 Doooooman

I8 1 T

(00000001 O O0orio0o0ooooon] Ol 000! ONoioitboon O 00000 boobO 01000007
0000000 0000 0000000000 On 00 Doooinool Ooonoodoom iooOo0O00on 0ool 00noioOo
000000000I00! 0000000 0oi00000nN 0000 [0 001 C000000M COn0on00000000 000000000
0oog

0000 00 0000000 300 (00000000 00 0000 Co0i000Ib00000 0000 000 0001 DO00000000000
0000B00O 00001 00 00maI000 000 000100 00000] Bo00000mo0] 10000001 00010000 JI0000o0n
0000000 0000 00000 100000o0! 00 don000100m] 000000 00 On00000000! 0000 0000 0000
000nooaoon

(10000 CI 0000 CIi 00010 00 0000 00 00000 O Coo0 M oo 01 000000 000000000000
10000 000000 Oo0oo0f00m 000 0i0Coo0m 0000 000O00i0m 0000 Ch0jnodl 1000000000000 0000
00000000 0I00 BOCOOCIDON 00 oOo0l 0Doon 000 o000 @D 010000 00001 0D0D 000000D

I00ICoOoIoonCOEoooorIoonOo00toOntIt00ooN00001000000o000
10000000000 n 0 O 0000000000 O 0 00 000000001 @ 00 0m 00000000

O00ROI00000mOn00M0000I000000
[0 0M O000T 0 OO0 O O CiDoo0l Moo O 00000 D000 oo0no0 Q000N oo

(000 0000 (000000 D O O 0000000 00000 000000 000000007 0ol 001000 00000000 000
00000000000 0J000000i00! B000000000 00001 000007 0000007 000 000 (00000 000000001 0000000

000000001000000C 000000000 C00IIN0l000 000n00N0IN00010000010I 0 000 0NmOm0o0n 0000
e

80 00 0
0”0 00 i o

8 0 0 )
0000O0000000I00000000ID0IO00IOc0i0I00I000M00 O Ib0000I00I00000000 DO00I00NmOICOn

1000000000000 0001000000000 0000NI0000000000100] D 00010 Ol O 000m000m0 000

000010001000000000n0oI0000Noe 0000000000000

000oooo0Iob000o0000000Ib0000000

101000000000 000001001 boC00It0l Coiooioino 0l c00000n 0000C0I 000 o0 001000 o
I0O0I0000I000O0oi0N00O00000N O oIo0000000m

Frontiers in Built Environment

15

80 T T 00 0 )
8 0 A W A A
O00Mo0I0o00000ro0I00InOo0IIoonoo0oaoooo0

frontiersin.org


https://doi.org/10.3389/fbuil.2025.1654253
https://doi.org/10.1016/j.energy.-✐2017.11.023
https://doi.org/10.1016/j.energy.-✐2017.11.023
https://doi.org/10.1016/j.applthermaleng.2014.01.002
https://doi.org/10.1016/j.jclepro.2017.04.082
https://doi.org/10.1016/j.jsm.2017.12.007
https://doi.org/10.24874/IJQR13.-✐02-05
https://doi.org/10.24874/IJQR13.-✐02-05
https://doi.org/10.1088/1755-1315/1190/1/012003
https://doi.org/10.1016/j.jclepro.2018.06.115
https://doi.org/10.1016/j.jclepro.2013.05.038
https://doi.org/10.1016/j.jclepro.2022.132568
https://doi.org/10.1016/j.jclepro.2018.07.176
https://doi.org/10.1016/j.jeurceramsoc.2012.01.020
https://doi.org/10.1109/EFEA56675.2022.10063822
https://doi.org/10.2109/jcersj2.118.887
https://doi.org/10.1016/bs.coac.2016.04.005
https://doi.org/10.1007/s10098-021-02035-w
https://unstats.un.org/sdgs/report/2019/goal-12/#:%7E:text=The%20material%20footprint%20per%20capita,increase%20of%2050%20per%20cent
https://unstats.un.org/sdgs/report/2019/goal-12/#:%7E:text=The%20material%20footprint%20per%20capita,increase%20of%2050%20per%20cent
https://doi.org/10.1007/s41024-024--✐00510-7
https://doi.org/10.1007/s41024-024--✐00510-7
https://doi.org/10.1016/j.jmrt.2023.02.023
https://doi.org/10.3390/buildings14092770
https://doi.org/10.31705/wcs.2022.18
https://doi.org/10.1108/BEPAM-11-2023-0201
https://doi.org/10.1108/BEPAM-11-2023-0201
https://doi.org/10.1016/j.jclepro.2020.122846
https://doi.org/10.1016/j.jclepro.2018.04.112
https://doi.org/10.1016/j.jclepro.2023.138814
https://doi.org/10.1016/j.jobe.2024.110775
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org

	1 Introduction
	1.1 Environmental impacts and sustainability in global ceramic tile production

	2 Methodology
	2.1 Life cycle assessment framework
	2.2 Goal and scope of the study
	2.2.1 Eco-innovation scenarios and the mid-point impact assessment comparison

	2.3 Preparation of life cycle inventory (LCI)
	2.4 Life cycle impact assessment
	2.5 Interpretation of the life cycle assessment results

	3 Results and discussion
	3.1 LCI of the ceramic tile per declared unit
	3.1.1 Mid-point impact analysis of eco-innovation scenarios with the conventional scenario

	3.2 Comparative analysis of global and local ceramic tile production impacts

	4 Conclusion
	5 Limitations

