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Supporting information - Results of Monte Carlo simulations (1000 iterations) for the Life Cycle Assessment
Green roof of Study
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Green Roof of Study

Global warming
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Terrestrial ecotoxicity

600

525

SUONEAN JO JDqUINN

[€20 ‘TTo)
[zz0 ‘0z0)
[0zo ‘610)
[610 ‘810)
[810'L10)
[L10 ‘S1O)
[$10 ‘F10)
2_ [¥10 ‘€10)
[€10 ‘T10)
[cro‘110)
— [110 “600)
— [600 ‘s00)
[800 ‘£00)
[£00 “900)
[900 '+00)
[+00 ‘€00)
[£00 'T00)
[z00 “100)
[100 *100-)
[100- ‘z00-)
[200- ‘€00~
[€00- “+00-)
[+00- ‘500~
[s00- ‘£00)
[£00- *800)
‘600-)
— [600- ‘010"
[o10-Z107)
[z10- “€107)
— [g10-‘v107)
— [p10-"¢10°)
— [s10-“L107)
[£10-"810°)
[810- ‘6107
— [610-'020")
«| [0z0- “120-)
[120- ‘€20~)
[€20- ‘pT0-)
[+20- "520-)
— [szo-“9z0-]

%

1
23
S

Range of terrestrial ecotoxicity results (kg 1.4-DB eq.)

Extensive Green Roof A

Abiotic depletion of fossil fuels

3

=3
ol
—

g =

—

e =

SUOIEIDN JO JaquUnN

6€L°T '669'T7)
669°T ‘6597
659°T '619°T)
619°T ‘6L5°7)
l6£5°T “6£5°T)
[6£5°T “66¥'T)
l66+°T “65+°T)
[6S¥°T ‘61¢°T)
[6T+°T “6LE°T)
l6L€'T ‘65€°T)
l6££T “66T°T)
l66T°T ‘65T°T)
l6szT61T°T)
61T ‘6L1°T)
[6L1°T ‘6€1°T)
l6£1°C ‘660°T)
[
[
[
[

= e

660°C '650'7)
650°T ‘6107
610°T 6L6°1)
6161 ‘6£6°1)
l6€6°T “668°1)
[668°1 “658°1)
[658°T “618°1)
[618°1 ‘6LL°TD)
l6LL°T “6€L°T)
[6€L°T “669°1)
[669°T “659°1)
[659°1 “619°1)
[619°T “645°T)
l6Ls1 ‘65 1)
6ES°T “661°1)
66¥°1 ‘65t°1)
65F°1 61t°1)
611 ‘6L£°1)
6LE] “6£€°1)
6£€°1 ‘66T°1)
66771 '6ST'1)
65T1°61T°1)
61T°1°6L1°1)
6L1°1 ‘6E1°1]

| g R g B s B e s 1 s 100 s 1 s I s |

tic depletion of fossil fuels results (MJ)

10

Range of ab



Life Cycle of Roofing Systems in Buildings

Extensive Green Roof A

Global warming

120

g

£ 8 7

SUOIJEII JO IDQUINN

20

_

[ovT *L€T)
[L£T €€
[€£T ‘6T0)
[62T ‘970)
[9zz 2T0)
[zzz ‘610)
61T °€12)
[siz11D)
[11Z°802)
[80T ‘v0T)
[+0T ‘10D)
[0z ‘Le1)
[L61 "€61)
[c61 061)
[061 “981)
[981 “€81)
[€816L1)
[6£1°9L1)
[9L1 *2LD)
[ze1°891)
[891 *¢91)
[so1 ‘191)
[191 °8¢1)
[8ST ‘PST)
[¥S1"081)
[ost “tvD)
[LbT “ebT)
[sr1 ‘Op1)
[or1 9€1)
[og1 ‘zeD)
[ze1 “6T1)
[621 ‘sz1)
[sT1zen)
[zz1°81D)
[811°%11)
[v1r
(111 °Lo1)
[L01 *vOT)
[+01 “001)
[001 “L60]

Range of global warming results (kg CO, eq.)

Extensive Green Roof A

Human toxicity

~| lev1 '8€D)
[8€1 pED)
[veT ‘6TD)
~| 621 ‘szD)
—| [sz1'121)
[1z1 ‘or1)
[o11 *Z11)
[zrrLon)
—~| [Lot *€01)
[c01 ‘860)
[860 ‘+60)
~| [¥60 060)
[060 '580)
[s80 “180)
(180 '9L0)
[9L0 ‘TLO)
[2L0 *890)
[890 “€90)
[£90 ‘650)
[650 FS0)
[+50 ‘050)
[0S0 ‘sr0)
[St0 ‘1+0)
[170 ‘LED)
[£0 ‘T€0)
[z€o ‘'8z0)
[820 ‘€z0)
[€20 ‘610)
[610 ‘F10)
[+10 ‘010)
[010 ‘900)
[900 ‘100)
[100 “€00-)
[£00- 800~
[800-T10°)
[z10- ‘9107
[910- “120~)
[1z0- ‘5707
[sz0-"0€0-)
| [ogo- ‘pe0-]
8§88 888 & °

—_—

180
160

SUOIEI) JO Jaquuny

Range of human toxicity results (kg 1.4-DB eq.)



de Tancredo Nunes et al.

Journal, 2026, Vol. 20

ineering

8 The Open Civil Eng

Extensive Green Roof A

Photochemical oxidation

350

304

300

2 8 8 8

(] (o] — =
SUONBIAY JO JaquInN

wy
L]

=

"y

e

[000°0 “000°0)
[000°0 “000°0)
[000°0 ‘000°0)
[000°0 “000°0)
[000°0 “000°0)
[000°0 ‘000°0)
[000°0 “000°0)
[000°0 “000°0)
[000°0 “000°0)
[000°0 ‘000°0)
[000°0 “000°0)
[000°0 “000°0)
000°0 “000°0)
000°0 ‘000°0)
00°0 “000°0)
00°0 ‘000°0)
00°0 “000°0)
00°0 “000°0)
000°0 “000°0)
000°0 ‘000°0)
[000°0 “000°0)
[000°0 ‘000°0)
[000°0 “000°0)
[000°0 ‘000°0)
[000°0 “000°0)
[000°0 “000°0)
[000°0 “000°0)
[000°0 “000°0)
[000°0 “000°0)
[o00°0 “000°0)
[000°0 “000°0)
[000°0 “000°0)
000°0 “000°0)
0000 ‘000°0)
000°0 “000°0)
0000 ‘000°0)
000°0 ‘000°0)
000°0 ‘000°0)
000°0 “000°0)
000°0 ‘000°0]

[
[
[0
[0
[0
[0
[
[

s I ey B s B e B sy B ey B s B e |

Range of photochemical oxidation results (kg C,H, eq.)

Extensive Green Roof A

Terrestrial ecotoxicity

500

450

456

g

=+

8 3 8

7 8
Las I Ao T o I o IR e B o

SUOIEI JO JaquInn

=
vy

=

[0€0 *8T0)
[820 ‘Lz0)
[£z0 ‘9T0)
[920 ‘¥Z0)
[0 ‘€20)
[€z0 ‘TTO)
[zzo ‘0z0)
[0zo ‘610)
[610 °810)
[810‘910)
[910 ‘S10)
[S10 ‘P10)
[b10 210
[Z10110)
110 010)
[o10 “800)
[800 ‘£L00)
[£00 “900)
[900 ‘+00)
[+00 ‘€00)
[£00 ‘Z00)
[z00 ‘000)
[000 ‘100~
[100- ‘z00~)
[200- +00-)
[+00- ‘500-)
[500- *900-)
[900- ‘800-)
[800- ‘600-)
[600- ‘010-)
[o10- T107)
[210-“€107)
[€10- 107)
[b10- ‘910~
[910-°L107)
[£10-°810°)
[810-‘020~)
[0zo- ‘1207)
[1z0- ‘zZ0-)
[zz0- “€20-]

Range of terrestrial ecotoxicity results (kg 1.4-DB eq.)



Life Cycle of Roofing Systems in Buildings

Intensive Green Roof A

Abiotic depletion of fossil fuels

80

=
~—~

=2 o o 9o @ o
L= s T o |

SUOEISYL JO IaqUUNN

oy

—_—

o]

[¥esiT ‘sTs'D)
[szs1 915D
[o15°1 “805°1)

| [808°1 “661°1)

[66t°1 ‘06t°1)
[o6t'1 T8+ 1)
[Z8t'1 “cLv' D)
[ELt'T “+9¥'1)
[F9¥°1 “9st°1)
[9S+°T “Ltv'1)
[Lpt'1 “8ep 1)
[8et°T ‘0gt 1)
[oe# T “T2b D)
[1gr1 Ty
[z1t°1 “cor' D)
[got'1 “s6e'D)
[s6€°1 ‘98¢ 1)
[o8€"r “LeeD)
[LL€°T “69€°T)
[69€°1 ‘09¢°1)
[o9g°1 “18¢€°D)
[1s€°1 “eve’D)
[ep€'1 “pee'D)
[Fee’t ‘szeD)
[szer LieD
[1€1 “soe‘D)
[80€°1 “66T°1)
[66T°1 ‘06T°1)
[o62°1 “T8T'1)
(2821 “€LT°1)
[e£T'1 *poT'D)
[¥9z°1 “9s2°1)
[osz'r “L¥TD)
[LyTr sggT'D)
[8€T°1 ‘0€T1)
o€zt “122°)
[1zz'r‘zizn
[T’ *voz' D
[¥0z°1 “s61°1)
[s61°1 “081°1]

Range of abiotic depletion of fossil fuels results (MJ)
Intensive Green Roof A

Global warming

= = = = = (= = =
oo = b= w =t s ol L]

SUOIEI JO Jaquiny

[00T ‘861)
[861L61)
[L61 “c61)
[s61 ‘v61)
[ve1 z61)
[z61°161)
[161 “681)
[681 *881)
[881 “981)
[981 “s81)
[s81 ‘p81)
[¥81 z81)
[z81 “181)
[181°6L1)
[6£1°8L1)
[8219L1)
[oc1°6L1)
[se1ecn)
[eL1eLn)
[ze1oLn)
[oL1 “691)
[691 “£91)
[L91 "991)
[991 “+91)
[+91 “€91)
[£91 “191)
[191 “091)
[091 ‘651)
[6s1 “LST)
[£819¢1)
[951 “pS1)
[¥S1 “€s1)
[gsT18T)
151 08D)
[os1 “8t1)
[8t1 “L¥1)
[Lb1 “sP1)
[st1 pP1)
b1 2b1)
[zP1 “1$1]

Range of global warming results (kg CO, eq.)



de Tancredo Nunes et al.

10 The Open Civil Engineering Journal, 2026, Vol. 20

Intensive Green Roof A

Human toxicity

200

180

160

§ 8 8 &

—_— = =

2 F

SUOIJRIN JO JaquInN

| [v6t "6Lb)
[6Lt ‘+9t)
[+9t ‘6t1)
[6¥t ‘€€t)
[eer ‘SIt)
[81t ‘€ot)
[cor '88¢€)
[88¢€ ‘€LE)
[eLe “Lse)
[Ls€ ‘The)
[cpe ‘Lze)
[Lze ‘Tig)
[z1€ ‘960)
[96T “182)
(182 '992)
[99Z ‘152)
[15T's€0)
[sez 0zD)
(02T *s02)
[soz ‘061)
[o61 ‘+LT)
[PL1 ‘65D
[6S1 ‘t+1)
[pP1 ‘6TD)
l6z1 €1D)
[€11 ‘860)
[860 “€80)
[£30 ‘890)
[890 ‘€50)
[€50 ‘L€0)
[0 ‘TTO0)
[zz0 “L00)
[£00 *800-)
[800- ‘¥70~)
[+20- "6£07)
[6£0- 50~
[+50- '690-)
[690- ‘$80-)
[$80-'001-)

e Lis

sl

=

Range of human toxicity results (kg 1.4-DB eq.)

Intensive Green Roof A

Photochemical oxidation

120

g

g 8 =

SUONEIAI JO IaqUINN

—
—
—

000°0 *000°0)
00°0 ‘000°0)
00°0 ‘000°0)
| (0000 “000°0)
[000°0 ‘000°0)
[000°0 ‘000°0)
[000°0 “000°0)
[000°0 ‘000°0)
[000°0 “000°0)
[000°0 ‘000°0)
[000°0 “000°0)
[000°0 “000°0)
[000°0 “000°0)
(0000 “000°0)
[000°0 “000°0)
(0000 “000°0)
[000°0 *000°0)
[000°0 ‘000°0)
[0
[0
[0
[

[
[0
[0
[

00°0 “000°0)

00°0 ‘000°0)

00°0 “000°0)
000°0 ‘000°0)
[000°0 “000°0)
[000°0 ‘000°0)
[000°0 “000°0)
[000°0 “000°0)
[000°0 “000°0)
[000°0 “000°0)
[000°0 “000°0)
[o00°0 “000°0)
[000°0 “000°0)
[000°0 “000°0)
[000°0 “000°0)
(0000 “000°0)
[000°0 *000°0)
(0000 “000°0)
[000°0 *000°0)
[000°0 “000°0)
[000°0 ‘000'0)
[000°0 “000°0]

Range of photochemical oxidation results (kg C,H, eq.)



11

Life Cycle of Roofing Systems in Buildings

Intensive Green Roof A

Terrestrial ecotoxicity

=
ol

| [Lz0*9z0)

[9z0 ‘s70)

[sTo ‘tTo)

[+20 ‘€70)

[€20 ‘TTo)

[zz0 ‘0z0)

[0z0 ‘610)

[610 ‘8100
~| [810°L10)
[210910)
[910 ‘S10)
[S10 ‘F10)
[b10 “€10)
(€10 210
[Z10°110)
[110 ‘0100
[010 ‘600)
[600 “800)
[800 “L00)
[£00 ‘900)
[900 's00)
[500 ‘#00)
[+00 ‘€00)
[£00 ‘Z00)
[200 ‘100)
[100 ‘000)
[000 ‘100-)
[100- ‘Z00~)
[z00- *€00-)
[£00- ‘+00-)
[+00- ‘900-)
[900- ‘£00-)
[£00- "800)
[800- ‘600-)
[600-010-)
[oto-“110)
[110-°2107)
«l [21o-‘c100)
~| [€10-'¥107)
— [¥10-s107]

2 § & °

SUOIEII JO Jaquuny

g &

—

Range of terrestrial ecotoxicity results (kg 1.4-DB eq.)

Intensive Green Roof B

Abiotic depletion of fossil fuels

120

100

g 8 =

SUONEIAN JO IAqUINN

20

_

[9€L°€ ‘TOL'S)
[10L°¢ “999°¢)
[999°€¢ ‘1£9°¢)
[1£9°¢ “965°¢)
[96€°€ “195°¢)
[195°€ ‘9z5°¢)
lozse “16%°¢)
[16+°¢ ‘9st'c)
lost'e ‘1TH'E)
[1zre ‘985°c)
[ogee “15¢£°¢)
[1se'e “L1g€)
[L1€%€¢ “T8TE)
[28T°¢ “LvT's)
[LvTe “TITE)
[z1ze ‘L)
[LLre Trl'e)
[z¥1°e “LoT'D)
[L01°€ *TLOE)
[zLo¢ “Lg0'c)
[L€0%€ Z00'E)
[200°€ ‘L96D)
[L96°T “TE6°T)
[2€6°T “L68°D)
[L68°T “€98°T)
[£98°Z ‘828°D)
[828°T “€6LT)
[€6L°C ‘8SLT)
[ssLTeTL’D)
[€2L°C ‘889°T)
[889°C “€59°T)
[£59°T “819°T)
[819°T “€85°T)
(€857 “8t<T)
[8¥S°T€15°T)
[e15°T ‘8L¥°D)
[8L+°C *FHH°T)
[b+T “‘60¥°T)
[60t°C ‘vLE'D)
[breT ‘6E€°T]

Range of abiotic depletion of fossil fuels results (MJ)



de Tancredo Nunes et al.

12 The Open Civil Engineering Journal, 2026, Vol. 20

Intensive Green Roof B

Global warming

=
(=)

=
=]

=
~—

o o o o
L= s T s

SUOIJEII JO IDQUINN

=
[&]

—| [eve ‘ove)
[ov€ “LgD)

| [Lg€ *pee)
—| [rec 1€
[1g€ ‘8T8)
[8z¢ “szo)

enf [sTE€TE)
el [€2E°0TE)

=]

=
=
—

| lozeL19)
[L1€p1E)
[Fre‘11E)
[11€ °80¢€)
[80€ ‘s0¢)
[so€ “zog)
[zog “00¢)
[oo€ “L6T)
[L6T v6D)
[v6T ‘162)
[16T 880
[88T “¢87)
[s8T Z80)
[28T ‘6L7)
64T LLD)
[LLz vl
[bLz1L0)
[1LZ‘890)
[89T *¢97)
[s9T ‘290)
[29T ‘65T)
[65T 950)
[95T “€5D)
[£52°15D)
[15Z“8¥2)
[8+T c+D)
[svT ‘TvD)
[2+T 6€0)
[6£T ‘9£0)
[9£T €€0)
[c£Z0£D)
[ogz szl

Range of global warming results (kg CO, eq.)

Intensive Green Roof B

Human toxicity

| [zs1 05D
[osT “eFD)
[eF1 ‘o)
| [9€1 ‘62D)
—| [ez1 ‘T2
~| [zz1 ‘s
—| [s11°801)
[801 ‘101)
~| [101 *s60)
—| [s60 ‘880)
[880 ‘180)
[180 ‘L0)
[bL0 “£90)
[£90 ‘090)
[090 ‘€50)
(€50 ‘9¥0)
[9%0 ‘6£0)
[6€0 ‘zE0)
[2€0 'sT0)
[sz0 ‘610)
[610 210)
[Z10 ‘500)
[500 200~
[200- ‘600-)
[600- ‘910-)
[910- ‘cz0-)
[€z0- ‘0£0")
[ogo- “L£0")
[L€0- “¥PO-)
[b¥0- ‘150-)
[150- °£S0~)
[£s0- 90~)
[$90- ‘1L0~)
[1L0-"8L0°)
[8L0- “$80~)
[$80- ‘z60-)
[260- 660-)
[660- ‘901-)
[901-"€11-)
~| [et1-oz1-]
mm IS8 EFR-”

— =

_

SUOIEI) JO Jaquuny

Range of human toxicity results (kg 1.4-DB eq.)



13

Life Cycle of Roofing Systems in Buildings

Intensive Green Roof B

Photochemical oxidation

500

450

~ [000°0 *000°0)
[000°0 “000°0)
[000°0 ‘000°0)
[000°0 “000°0)
[000°0 “000°0)
[000°0 ‘000°0)
[000°0 “000°0)
[000°0 “000°0)
[000°0 “000°0)
[000°0 ‘000°0)
[000°0 “000°0)
[000°0 “000°0)
000°0 “000°0)
000°0 ‘000°0)
00°0 “000°0)
00°0 ‘000°0)
00°0 “000°0)
00°0 “000°0)
000°0 “000°0)
000°0 ‘000°0)
—| [000°0 “000°0)
[000°0 ‘000°0)
[000°0 “000°0)
[000°0 ‘000°0)
— [000°0 “000°0)
~ [ooo‘o ‘000°0)
[000°0 “000°0)
—| [000°0 “000°0)
[000°0 “000°0)
[o00°0 “000°0)
[000°0 “000°0)
— [000°0 “000°0)
000°0 “000°0)
0000 ‘000°0)
000°0 “000°0)
0000 ‘000°0)
000°0 ‘000°0)
000°0 ‘000°0)
[000°0 “000°0)
[000°0 “000°0]

[
[
[0
[0
[0
[0
[
[

g B s B sy B e B s B e |

437

—
(aal

SR8 8 2 8RF°
= M oM o A o= -

SUONEIAY JO JaqUNK

Range of photochemical oxidation results (kg C,H, eq.)

Intensive Green Roof B

Terrestrial ecotoxicity

350

SUOIRI]I JO JaquInN

«| [610°L10)
[£10‘910)
[910 ‘¥10)
[F10 ‘T10)
[Z10010)
[010 ‘600)
[600 *£00)
[£00 ‘s00)
[500 ‘+00)
(00 ‘TO0)
[Z00 “000)
[000 “100-)
[100- *€00-)
[£00- 500~
[£00- ‘900-)
[900- 800-)
[800- ‘010~
[o10-"T10°)
[z10-*€107)
[€10-‘5107)
~| [s10-"L10)
[£10-‘8107)
[810- 020"
[ozo- ‘Tzon)
[zz0- “€20°)
[€z0- ‘sz0-)
[sz0- “LT0")
~| [Lz0-"620")
[620- ‘0€0-)
[ogo- “z€0”)
[z€0- P€0-)
[b€0- ‘s€0°)
€€0- “LEO)
LEO- 6£07)
6£0- "010-)
$0- ‘TH0-)
$0- ‘¥107)
$0- ‘S$0-)
$0- “L¥0")
$0- ‘6¥0]

Range of terrestrial ecotoxicity results (kg 1.4-DB eq.)

The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final version.

Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to changes in

DISCLAIMER

the final published version, if it is eventually published. All legal disclaimers that apply to the final published article also apply to this

ahead-of-print version.






