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Evaluation of the Thermal Performance of Recycled Cotton Fabric
as a Sustainable Insulation Material in Cold Climate Buildings*

Abstract

This research investigates the thermal performance and build-
ing-scale energy implications of recycled cotton fabric used as
a sustainable insulation material in cold-climate construc-
tions. It responds to the urgent need for low-carbon and circu-
lar solutions in the building sector by assessing physical meas-
urements and modeled energy outcomes for a cotton-based
insulating layer. Laboratory experiments were conducted un-
der steady-state conditions using a custom heat-flow appara-
tus and multiple thermocouples to obtain reliable temperature
profiles across samples prepared at varying layer densities. The
measured average thermal conductivity for the recycled cotton
specimens was approximately 0.046 W/m-K, a value consistent
with high-performance natural fibrous insulations and attrib-
utable to the material’s porous microstructure and air-reten-
tion capability. Reproducibility tests returned relative devia-
tions under five percent, validating the experimental protocol.
Observed steady thermal gradients and uniform heat flux pat-
terns indicate that, within the tested temperature range, con-
ductive processes dominate and the material exhibits stable
insulating behavior over extended periods. Complementary
material characterization included density and specific heat
measurements, which were integrated into the subsequent
building energy model. From a sustainability standpoint, re-
using post-consumer cotton reduces textile waste streams and
decreases demand for virgin polymeric insulators, aligning
with resource conservation and circular-economy objectives.
This experimental evidence establishes recycled cotton as a
technically credible insulation candidate and provides robust
input data for building performance simulations. The study
also documents practical considerations for sample prepara-
tion, moisture control during testing, and edge-sealing meth-
ods to prevent delamination, which together improve meas-
urement fidelity and inform scalable manufacturing pathways
for building applications and supports informed specification
by designers and practitioners. In the modeling phase, experi-
mentally measured thermophysical properties were incorpo-
rated into EnergyPlus software to estimate annual heatingand
cooling loads for a representative building in a cold semi-arid
climate. The simulation contrasted an uninsulated wall with
assemblies containing a twelve-centimeter recycled cotton
insulation layer at different effective densities. Overall, total
annual energy consumption declined by approximately thir-
ty-four to thirty-five percent for cotton-insulated assemblies
compared to the uninsulated case, with heating demand ac-
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counting for the majority of savings. Analysis of surface heat
fluxes demonstrates that the cotton layer substantially reduces
conductive heatlossin cold periods and dampens indoor tem-
perature fluctuations, thereby enhancing thermal comfort and
lowering operative loads. Minor variations in cooling demand
were observed in some configurations owing to changes in
thermal mass and transient heat transfer, but the net impact
favored energy savings. The agreement between lab measure-
ments and modeled outputs, with discrepancies below five
percent, validates the approach of using experimental inputs
in whole-building simulation workflows. From a sustainabil-
ity perspective, recycled cotton insulation shows promise as
a low-cost, low-embodied-carbon alternative when local tex-
tile waste is available. However, for broader adoption, critical
knowledge gaps must be addressed: the influence of moisture
absorption on thermal performance, long-term mechanical
behavior under cyclic loading, fire-resistance properties, and
full life cycle environmental impacts. To translate laboratory
findings into practice, pilot-scale installations, monitored field
trials, and standardized preparation procedures are recom-
mended so that performance, durability, and compliance with
regulatory requirements can be demonstrated in real build-
ings. Such evidence will support policy incentives and market
uptake of recycled insulation.

Keywords: building thermal insulation, building energy simula-

tion, textile waste, thermal conductivity

Citation: Allahyari, Sina; Haghparast, Farzin, & Ahmadi, Javad. (2025). Evaluation of the thermal performance of recycled cotton fabric as
a sustainable insulation material in cold climate buildings. Journal of Fine Arts: Architecture and Urban Planning, 30(4), 37-47. (in Persian)

(© Authors retain the copyright and the full publishing.

Publisher: University of Tehran Press.

“This article is derived from the master’ thesis of the first author, entitled “Evaluation of the use of textile waste as building thermal insulation
on reducing energy consumption,” under the supervision of the second author and with consultation from the third author at Tabriz Islamic

Art University.



(o 9 3 020) FV = YV Oloio YA

VI Gl F ojloi O+ 050 055lu e 5 (5 5lamo 1Ly 5 (slo it 4y

B b gl az 5b S s s b 3 )
yw ol glaglazLu ol 3ol ol stea

K>

sty a3k 31 2S5 ol o Shas s sy ol s
2 o8l 3 g8ly laplasle o sy )1 3l s BL3L
e 487 sl oy Sl s satlon sl fules T e
RIS s Sy /¥ spie e ) Sl Gl oyl
W euaS b and dlaple s Shas 03 e b a5 ol (W/m'K)
G ke el 6 ST 5 o sl S ok o e
‘WTK)D.J;.-\:{L"\)MAJ}QJJQ)\? sl 1685 5 iole )
o B ol Dy (65,30 583 31 sl b gae St
ol g lwdue @\,.: 253 Lo gl 65 5108 e ialS jo00le
g o glay 3l 3 e Bl VY cwlius b dasy jleslad oS 5h

\F. 'f/~V/\\°:A.‘ULAL~3\i):'C_JU
Vs S
VEF vyl Bk 'C_JU
5&)@5&5\:‘5)Mbj;‘djj.ﬂ)&)\.wJ.i)\f\.;ij\g:\‘sjw\\.l*«:
Ol G2 S A S ol e
E-mail: si.allahyari@tabriziau.ac.ir
9 6JLM-A ch..i‘Jb ‘é)\.uu: ojjf sl (in...m a.k.._..u_y) r&w#é?- u’)ﬁ
505 S ol yim ol Siis g 3l o
E-mail: fhaghparast@tabriziau.ac.ir
gee- u\iﬁ&}b L&)Lﬂ)@,‘l 9 d)\.au.a Sl &d)\-&—’-ﬂ ajjf)\.:é\:.J :‘15%" J“g?
E-mail: jahmadi@tabriziau.ac.ir OV G e oDl
https://doi.org/10.22059/jfaup.2026.405484.673136

S5 & Do 1o 40 30 e (2 D900 B 3 Sl e YL (6355 e ST (5003 YO TE S0e 2alS e
Sl Iy o 38l o) g6 4015 o103 30w 5703 35 oy aasd e o 3 g Mol el K 520 a5 Wy 8 3 dlasy

NSl e o2 el 3 336550 B e il g 52 5055 1 e e g e glaple

u\xﬁ>\.~ @)\J} é)\.& ‘uj)\‘)} ui\.k.m “‘i)”a ‘02-\‘.0 \_J\.v“\.‘o ‘L)L“':’.L’“ LS)J"\ 6)bw ‘M\;Jb L;"L“deb"J’)

52 o Bl gla ezl 5y Ble oo 3L 3L gl sz 5l > Sas 5V F D)3l giand 5003 et 3o gl ol

V=YV (6) - F gl s solans il j slo o

e sl Ol il a0 15

S o a1y g3 e il Sl a5 iS5 g oSS ©

beraly b a8 wl e (65,0 G e Gl s el il e o e ol sl esbils o ol o5t U st o S35 it IS aslilbly 18, s ilom e ®

A:,—Ja.,\.iASUJ'::J;&L‘#»KJJB):rrc).j)\isa)j\‘hjpn.\j)\ﬁ



Y4

slaglele o el Gl Olstear (L3 shacy 4k ol 2S5
-’r"v:)j‘

.\3.\&53\.&.\3@ o> &\}\%)\LJJ\J&}?&B MMJ
{(Camacho Cusicahua et al., 2024) ;1 3| 3G dls S5

AR 9 iy

B S gt ool a8 sims e L siiplndl Sl
I 22 5255 M & Gyo 5 ol glaple Jlsisa S5
5 S00s 5 5y 5 Wlomy o ke )0 o dame b S S o
), (Islam & Bhat, 2019) .S o2l plasle 5 >~
o ymas B v.«..: Ml s gasleny a5 Wlosls (lis
ol ol Sla S35 b il Sl geis 4 4315 s (5 5
(Wazna etal, 2019) 55 Lo o 5 0 slaple b acilie L6 5
2352 oy S S el 5l Gl cadslodle 55 51 Jlais 50
A5 gladilony prizan el s el (oo Sl 5
wsllaes e b ol 3o Dl 4 ks <l 55 oty 5
ol Sl eslanal 35 dadilewy ol s osdhe 5l 1,
3 el (8N OB e 3 2525 o o se aple 5
1) a8 sla3l8 il amss 53 5595 331 30 S
{(Samardzioska etal., 2023) a2> s :alS 55

oAl e ) 2 2 2 a5 iy b S e
ddoas oy aS" Wlesls s ladllas losls olazsl 595 4 5l >
St sle S Jaim U5 055 o ge SU 5 FodeSem s -l
e S (las > (Rasheed et al,, 2023) 3l 4y a0 oo
e L5l 5o sl Sl Jidoar 050 5 sl asile
Mandell et al,,) W 5 0 a-lis rj\.?u gl gssa el 5
Gl i b ales i Olals 153 g 5o Jodoats JLL (1987
P33l S 9 easlan i 53158 50 S olor o 3L
> (Trajkovi¢ etal,, 2016) das e il 33 6,8 eim 5o |y Loy
Sy s (e 5 ek SN 5 Glaple a5 cans
Soare s e} ¢ 5o o Sl lize o S 554 At
(Zachetal,2019) <l 3 S )l gen

oy s sladlens e slagle sy it )l
SO S s 5 e e 9 2570 o Ny 35 2l
Islam) &5 9.5 o Wnaz ) 4 55 51 AU e JLil 5 (a0 25 gla)
we@le pe il edlad (& Bhat, 2019; Karmakar et al., 2024
Slele slge oS (s 2l 5 ady) wlis Jai s izen
S bl L 3l s gle ) (Samardzioska et al., 2023) 5 35
I 5 obld s L%:‘ adsl sl 1) At 48 yoa 9 20
Cuc & Vidovic,) cul psb W6 5 pasly 5 caie Sl )
@ 5o0g Soml gl g3 5 6503 slaausa (ol Ly ssdle (2014
WS o S8 a5 5 b i o e Ak e b Sl
3 s Dels 3 6,8 ¢ (Humaidi & Prabowo, 2024)
S |y i 2 bl s 0 S s ol lple- L
el 5435 ) S 5as iz ppeshe s dbarslpe ol 38 aS e
(Juanga-Labayen etal., 2022; Tang, 2023) . 55 0 A o5 3l

Py Sl o 3 55 gz 5B slagtllar bl ol 3525 b
@ olgis el ol alea So o s el s o 2l

-

Aalis

Lo galadS ga )8 el 3L 668 slalias 5 S
e S s i pe a5 B sk 55 o 5 > s
S sl G 598 e i lass o 55 S 5 Sl
N o3 2500 5 2588 D gums oy ool Jalse o 5k
Bayraktar et) col osls jolaisl 393 a5 1y e g5 50 3 pme S
28 & 4> 5 L (al,, 2012; Conti et al, 2016; Lu & Lai, 2019
el 5o Ol el 5 ol )5S 5 s ol 53 s sl
O e ij\w)a\‘a Sed ol )y Sl glac b 45\);:-
<5503 (Mohammad & Shea, 2013) aas e JSi5) ) 5558 55 )
S e &S Ml b e ealy anug 5 35l Dy
Gl A plel e a2 Jsb o g5 Aot 6) 50 0
(Chang & Shih, 2015) 555 s el

SIS laadse 5l (S ol ) 3l olss 1 (s ol o
Seslamal 3 fod el Sl s ezl 65 3 IS gyl 5o
o2 oS e e 5 e 8 s s 6 St psbas Ml el
A EalS wms e polail s s w0y sl 65 51 G yaas ) e
3 Jamms o Sl IS (3 S 2 pame bt iy e dlaalel
(HVAC) 43585 5 ol yors sl S gloadlal 3,315 JUibe o J- 5
wlplesl Sles glaa jo 5 5 pas ams 3 sodls 2alS
g 2. DL LR L PER
S5 20 5 Sloan 3 i o030 15 o1 G 3 S ee ezl
Konis et al,) 3551 ool 1y 02,8 JLasl ol5ee 5 dms e 2alSTH
ol L 5L ol Sesland el ol 5 (20163 Sunetal,, 2020
ey SUall suen 5 S50 oIS (Gl 3o Olsisa
9 Vb g5 s @ (2l S e Dl 0 5 A oo
e 3055k S 0sks 2ol 35 2L U155l 5ol e
S ling 4 ool (il s WS o o 5350 ol e
e N5 e o ple 5 Sas 350 3 b 3l el ) o e e
Fang & Cho, 2019;) 5 5 Ao 35 0+ 590 U 55 51 O pas ialS 4
(Sun et al., 2020

F S Sl paw o s Slald oy e 5 55 Jlo ol
PSS-S PRI INUJ T NP CI S ST AP RN B
el gl e 3l s Wb gl 28 L i oS
Wy 3 orkiae a2 X g5 0 2t g pas S5
o 630k slaaigel e 5 aam il ooy 5iS S e W5 )
MBS iy 3 S ol sieas 35 ol (Singh, 2024) ds mid s
Hassanpour,) > ¢ 0 a3l allos yola 55 s ¥ guams sdes
3 b U t\}s\) Syl Y el ol ol s s (2019
Kama-) a8 s ad 51 e SU 5 oy plendy oy 15 o sme
GiyiS e Wy ailens J ol (li & Sadi, 2016; Seyf, 2001
)ﬁw,. o P -l gladl 5 (Fast Fashion) b ae de g e
e Dl o a3 5o ) ) > Dl ke B e U 5
ol s 2ol 31 glalem ks J6 ysboas |y Jamazes s S5 a5
Geisly Lol o3 ol (Anisah et al., 2024; Owusu-Wiredu, 2024)



e 33 53525 IS S Ll 5 S dlaes ey e gl
Juanga-Labayen et al,) 5jlu s Jodmas 1y c3L3L Wy aliees
Sals K5 5 633V 1 e LIS sl 5bid 508" (2022
s> (Baloyietal., 2024) 55 5 o Jad 0 il 3 el ol il 5 3\ 55
Mol ol glaple ate) 5o i Glaios s 3l glaedl )

amsm il b o i

REUSEPIPR it £.

VI Gl F ojloi O+ 050 055lu e 5 (5 5lamo 1Ly 5 (slo it 4y

BT NPT NE SR PN RIS L WIS W VS
W55 s Sl (gl sl 5o SIS 5. 5o Ll L
W] @\f;u\;um,,zﬁw(b; Gl laS 5 U S s s
sz LS5 (Sasietal,, 2024) ol ol IS ) SS Ciliss
503,55 sd )y dbib wl b S a1 pla e sl Jols
3 oo > (Yin etal, 2014) ol 5831 5 Loyl 3lbis

(og g sloasl) SLib 2 Laslseal o ol slople blad o sla ag oS-\ Jgia

8 oo e ik 33 5131 152 B 515 35 4 38 O S e Ll el s 1B 5o a5 5ol 2,50

S5 Sl g o

e 8515 05 18 5,8 3 oy 03550 Sl gk s Loyl Gl Sy b s esland S'lisy 3l Jol 5L 3L dasy SUI Sk el (Angelottietal,
ol 83 5 0250 58 a5 53 U i3 plonil 33 slaools a0 aliss o) ol e il SUI 0ol il AUy 5,8 8 oo 5 o) 2024)

.:)3.\:{\5\5}9\5\.@5:\&:&J3\)¢@Q\;\ca:.a.m\xra.ie\i
3 gl S gl az eolinal i 5 il S e o i S st i 3 4y 5 ol Sl Sl g SN S 3l e ) 0 (Muthuku@ar &
s ad sl gl B e 5 IS gl S8 il 218 55 g S50 2 30 ol i 2 3 103150 0 e Lale ol 0 IS 5 s e B L Thilagavathi, 2024)
<57 ol> 5 (LCA) o 432 Al 8 43 s Zosby 2l 3o pslie 5 Ul 3l Slonio a5 6l s Wy 31 65w b SIS )
5 3 s Glanleny 1 salind Yy sty 53 ol 313 55 SRl & o 58S it e caslenle ol Sl o) Sl okt | (Islam etal., 2024)

Ao e gl s s ple

23 M5 Bl oS ams o L LBl o iy ey S 53 60100 Bl A5 51 (U 5V 5ke) ity ntoo il Sleslind & 2255 ! | (Alsaffar et al., 2023)

>,§x~cj,;,v\au&u@;;,_u&;bQ\.m@\:;,xa,g\l\gdb\sj;ﬁ\ﬂ \;J\P\ﬁ\;\‘djdbbasﬁu.g,:ﬁu\sux\&_w\a\w&u&‘y,sw\ﬁ

g = . - EY S . 3 H -
e Ishae slale gl il oS0l (lgea sl ol Ksd e 5 Jasecn ) Sl 28T 5 ands plis s 53 25 e e Sl osllas
ot

(Rubino et al., 2023)

Slewy 3 Glgie S ol s 2 el polas) Jom LB Bl Slomio M55 o) (55 aeal b BUI elyls) gy slacslale 3l 3L a0 w515 imsh ol

Sl 2ol sy i sl o) g 0 o) 8 il el LS s 8 530S el s il o adslosle gy aSola | (Neri etal, 2023)
S e S 55 6 S aen 3 L
YU G ety 3 S ) o8 s oL sl s ey ol eeslie y axaS slag U 3 ol BL3L gl SU e 5T cadlles ool o )
Gl el e e L pipins 5 SIS St cale il Ly otk 55 S8 % T ST Bl Sl pis A5 50 a5 5 450555 | (Bhuiyan etal, 2023)
e s
by Il JU as asle 5 )b ISO 8301 5 sl [ &zﬁku&’jj

International Organization for Standard-) s3 S s 5 gl >
348 5 g a¥aim Ll plas )5 el o&ius ol (ization, 1991
ol b o 58 s oo A alins 4 MDF ) 5 50 - 4 J
IS e s \F ol a0 9, MDF 5 pio e ¥+ cslinsay
VY Pl b e sl V0 x Ve gga)l alas Jols slal 55 00
S 5.0 6,8 o o1 3 YU w35 L lad 903 b s pm 20 5l
2oy JESLaS 238 s e el G ol
55 555 A oo 10 5 o gl i o il 650 °C el sloo
g 3 e Bl VY 5 V/0 /0 glages 5o NEC e L K g s
y.wdu;uwu&@u)ybsﬁmduwb.xu@pf
5oy Sl s ¥ g b e (el YF) il o
Ao e olis ey 58 50 5
L gadcg Hwoslal

VO Sl )3 5 38 opslpen Bk slasy dlaan
S0 S Mz (538 3 Bl e RS 03l 5y 20
S i w5 S 63l (C4 5 C) laasY s s 5l Cilisee
loaY (4 Sl 55 s a5 M ps e sl \Y ladiged eles

&l ol BL3b Gy ax )b e o Shes gy ool o
ol doaly ol o a ey aglazla s okl gl Sl 5l >
ol o S sl 5 5o U s 2 0525 Sl i)
b oMy 330 58 5 o el 5l ledis e 5 23S
2 dtan Ble 16 es S g AT glaesls 3 eslin
B30 355 g 2 3o D3 Il b aiolas 15653 O e 2alS
.w\cu\_iub&\ai \ gl y u“’“’ﬁ)’uig

(b,imjjg@bw@)vi@jguijjwtf.@)\ﬁ,é

&L{jé\iﬁwﬁ
RS PR S C WS TPIN. 25 CC P JUCT PSR L



A

Slaplesb s 5l 3l dleear BL3L da ax b ol 3, Ses L))
>y \..;.LB\

(s alocsl)la S ge 5 () 5 iloj TolCes () Sl sles ¥y guS

(s alacsl)acy 4o b sl odioslol slashi Ky ¥ g



Sl G ey ) s (Razumid et al, 2025) o sl avo 5
Pl 25 503 o iy S 2 B VoV 0V /Y Sl oS
.;xfr\?;\&_zsjq\ﬁﬁ 2o Ol o B s s s sl
laosls s g5 5 sl 5SS Sy G ol s o
AT Slllas 03,28 by ol s o i3 e
3350 2 2Ol S o3 e 3l 6l IS el o e
P VSIR NS N SRS SUWR W (I g R
Salsl e e oll glos Juli a7 1SS Ngze a0 4 o
S By e o Se s o9e)T Jlaione 5 oy S 505
el sty W/MK < /YVO bl o 28 S b ol oig S o 31!
(W/mK /Y4 «/v) oo Slallas yseii i )5S o 3L L ylage ol
Pralat etal,) e duoys V- 2S5 TO 55l olis 3illas
(2021; Rahmanian & Wang, 2012; Vo Thong & Hung, 2019
o gl iale )T ) J 93 B Glas 03 game 3 3D ol e ol
I e 5 Ses Sl 5 (ASHRAE, 2014) 515 3 sk
283 Gl ) e saas b s Cliewds 5 iyl >
rine i 3 005518 laosls b 28 5905 51 s S o !
S aad e i 5 AS e vn.;\; Iy eadalu s 5 Ses Ll
ol 5 ST B BL3L a4z b o) o3l o glaesls
odS e glosls 5 mui sl 4l a&a;\&u\ﬁfgf}kg A gad ik
0 G5 0 5 F gl 33 a5 2 o1 S s i e

FOWING)

locsb) iole TolCews i sl gl oolizls s o oS S 5h ineii ¥ g gu
(2332

e 5 g5kl Y

VI Gl F ojloi O+ 050 055lu e 5 (5 5lamo 1Ly 5 (slo it 4y

b aoucs 03,58 3y de Soke 40 <k1>azwp<,u_§\a. idess
Sz 35S g ol Wl e 5SS 5 sl
Aol (3 i e 5 39 e b a3 gl )US” ey
A b gl e Sy Sl s 5 ey (550 e 358
ROWPRV.FRERBAR GV STV

03 G Y dpdam 53 ay an y sladisel slaay Sl
el

(o sloasl) slay ax b slodisei sloa Y lasin ¥ Jgd

s (em) L\ celous | (Cm) ad sl cuslins | Y sl [ 45 505 anlis
Soles 123 9 \Y \Y Y. Cl1
\ dawgie Sa 00 Ay YV eV c2
¥l 55,08 Y s vov C3
oS 5 okiiod b VY W ¥ C4
Salel ploil gy

0+ °Cgles yocaddl gad osls J 3 5 o alaams jdlodised
Lo 3as 33 oddinad o5 905 au ) e glaosls s azils S <ol
[PEYCHRWEL PUg PR\ MQ:KQ‘.;&L&OJLAJ’W\}AJJ e
225 Il o 4 iy saza s oS ey +/Y °C S
S ) e s (R 55l i slite iz deals s al 1o
(Angelotti et al., 2024) 150 acdsws 1) Jalsy Heslazd L (V)

Tl(z)_T3(z)

753 e ceaslie g 5ol ge b
1 M

1
R:N §V=

A= % ol bl xS LY Jge 3

Mg se S sl Ko glales S5 T, 5 T, o1 5o
a iole 3 a cadlla g 18 s sl N 5 a5 55 oslias S ¢ 5l >
5SS T ds 5 28 el 0 S0e 5 02 51T
w’&ﬁ\.ﬁj‘e\(‘;«/:@w el

xS 3l ol ol ol 5 Shas i oz jsliieny
olatl o 050 o (s (2,25 (sl B9 Dl Sl Bl
o3l 59339291 321 16 S0 0l s Koo 0,855 )01 5o
35 50 yeitms G203l ol sl g o lis S35 50 5 ool b
iad ol sl S35,k illas gy ool s S A3 ke s 3
ol s aS e 6,853l R S IC T C WIS
W oo DU gl sins 05 SG lyiedr g e 0lge 3 oalin

(s loaslb) sy amsb o b ol inlejTrls acdls ¥ Jgdar

(cela) Joks ol W/m'K) 5 bl > K/W) ) conslis CC) Kok AT B
v /0 Y55 \Y/A C1
\ /o fV ¥/00 Y C2
" RN ¥/ov WA C3
\ Y /e vy C4




v

Slaplesb s 5l 3l dleear BL3L da ax b ol 3, Ses L))
-’)"@5‘

5 a8 A g Hlancd 9l g (65,51 s o (etal , 2013
b Gl b gl s (b ) @l go gl Sl e
23350 ¥ Ui 53 Jde o a4y IS 4 e 5 e ey ey
M ING.:

bl ¥l G55 Sras palie (Ble os0) 4l Sl s
acowe oo sl oY KWH 5 ol S s YAGY kWh
HB 2al8 W15 e glay @l 05331 4 5l s 4l ol s S
A8 ool 653 el g3 e 45 glala>e
Cou ylo
g az ol o5 Sas s 2

Sl By ghls lady ax b a8 sl i sl )
sl 033 gdo e el Hl0h @l Lot 5 jsslazed LB 5 ol
3oy 5 @3 50 8 sl o (olos (b3l 5 31 ST
oS sz e Gl ooy ol s ol oo 5 ol
sy B 235 3l e olas b 5 6 Seil s
am )b V) ol 2l 5ke s G L6 Laesls 5 035
33 polie ol 6,80 3lil W/meK /- 0\ B 2/ £0 5w slac
Waz-) 5,8 o )5 b U1 sla ke (6l odi i )5S (g3 3doms
Uil 3 S ysbasd Jlads deasy g.S\)_'; Sl 3L (naetal., 2019
el a5 sl 3> gus 6‘}9&’3@\{&\@4" PLECR®
ol sl w8l 4y e Sl el (oSS 5 oy
5 S o eelin 0315 dausie GagSTS e S s 0
el Hl 3 uﬁy&p (K.zw\

(o slaaslh) 28 Sb rele 5l colhe .0y 3o

N 633 90 Sl g3l a

ol @550 Shas  glady 3o 3y slaieny
s il solizal 390 ke i soliad b 60 ) JEN
sl b e glas ol aS7 s 1L Annex 20 s jlokl
Sio 5 s 569505 69 ke S e T/ExF/TxY/0
¢ poa (Nielsen et al, 20105 Voigt, 2000) <o oasd xS
Ao e Gy Jas ol avdis

wlacslb) g il ,Sles b sl o Annex 20 5 jLiles] ¢ jlodes Jas . y g
(#2338

2 558 98 gl 5255 a2 EPW LG 51 o8l glaosls
mﬁ\tﬁdmpQJ\;,\;&jV(ﬁmpvjm;d\m
%% ¥ (Alfjani o gby 97 °CU Sl 91 °CU s



e 5 g5kl

A

VI Gl F ojloi O+ 050 055lu e 5 (5 5lamo 1Ly 5 (slo it 4y

(s sloasl) bl ol ks po s S spo iisla S 558 J g

. ¢ 3 ; . .. . W e
J/kgK) o305 gl )S (kg/m )J\{g W/mK) g, bl (m) cwls oleg s o)l Sidu
av. Yooy /Y N ay
VoAl $55/5V (+/-0\ = /- ¥0) AN Slasy gl
S
A¥- ANV S/YA AL oS b
[ Aee/a Ney /e slass S
ax. Yeovr Yas /) iy 2|
A¥- ANV </¥A AN oS b
Bl
ARV S FEFIEV (/20N = +/-¥0) VAN ey ale
\eqe Ase/4 YN /N0 §tm§
e SaVas /-04 Y, =S sl
\- VEe -/0F A o & 5 i
Af- FAN -/0V /v S s
Vo Yo - \/¥ </A o 9> adid 0y

S AT kWh s 4L e S ke s sladoe ol s
Lt 5oy Sl o il b e Jilie 3 35 Bl 50 S
ek S, Dol ialS ) 26aS wdb il 3y - - kWhs ga
)Jowuj&.m\f\gMw)aﬁbﬂﬁbﬁ\}\&\.w\cfgjw
o SIS 5 0 4 it 5 ol B i BB s S
235 a0l 5 pm IS s sbs 3 50 el b e 63,51 S
G dao b 53 b Bl plyear glay 4k il eslind 48
Sl 30 53,5l Al ol s S 1 S5e 5 o BBl
2R LB sk w5l o pran glagile ol i Sl
REIPC I
Ot alllan s i 5 gloaBly dcy e

2L imss ol el ehelest s Sy el 6ln
Sl 6 Sle e s aslie \ Jadam 3 el i alllas
-/ ¥0) Gk ool 13 B slasky az g 8l ek 50N
(Bhuiyan etal., 2023) Yau 55 a5 i 5155 slie L(W/m'K +/- 0\ —
S a e bl Sy <330 ) oo glaty SU
Slsp Jin 5 Jodiie Sl oailS ol 28y aallas 55y oS
j\J@B@Lﬁ¢W.J\3J\>.\:§‘\JQJ\PJ\.&3\&@\§);W}P¢

Oleilu 5 51 3l dde LD s 52
el (65,35 et Ble Adly 1 bl laiea
x5 a5 IS 3k 655 k5 AT laesly
s s e ez 3 (Ble 050 e S SC sileand
G815 e glans glax b 3o Hedlaad a8 sls ol c\...w Jdes
3l 8 Jgamm S Slool VL s s il S L 5 e 506
o5 ile )l s o ez o1y sl s 5 2le S (63 65 315 e

A2 e S Bl sl
65)“}5&\):-“\"«5'\%&“*—“’J> a,.iumm\."u«f‘u;;)m
Loy bses ialS el anl ialS as 3 va b ve s sus 4yl
Loyl 3l om sl 3, 350ma 3 s (28 503l 55 s S
B CL gladus o 5o Sl s s o Gl 2 ) 5 m Judd )
S 2y o 5 e Al > Sl gl sl ) 5L C4

ol g S o 31!
S s 985 Jd 5 S

2 (el A7) ol s 1 a8 s olis silacs s
A8 sl 5 51 el s gl 8 s a3 LS

(s sloasl) slacy 3o byl ol e sl S e gl o .0 gk

é‘\“””‘*u\’“’(“;:;“jﬂy““‘“g dj)&(‘é\fh‘;y (RWh) £3Ls ole 0o | (GW) 3L ole F 3 pas | (B30 colind) gl g | Spsg
— TrVV/E ovo/Ys YAGY/TE ELCRYY P
Yo/t YAAV/FY FYL/TN \OOV/YY Sl \Y = A Cl Jus
Yo/ ¥ YAQE/V- FYA/YN \oFo/fa Sl \Y = an C2 0
vo/-4 viav/va FYA/fA \OFY/AA Sl \Y — A, C3 3
vE/fV YYAY/YY FYNOO \OAY/FA Sl \Y = an C43xe




AN

slaglele o el Gl Olstear (L3 shacy 4k ol 2S5
-’r"\ﬁﬁ\

oLl eske ) e Ul Sl e sl plesl
3,50ks b s dlaple s3sdms 3 a5 a8 o3l W/mK
S oy o8 sl ol AaesT s 5,8 e 5 YL
Sl ) SG  dp3 01 528 Sl sl 5 a3 1 sb s )
el B oy 85 8 oilis casS 50 ) o Nl i) 85
23 8 b S D 5 e 5 b oose s3ledne
SIS B e oS 5l L Gy Ble g e Bl VY Y & e
T 35 5 S0n sy Gl 3 S o b anlie s ezl 4l
Wl ile S it o bies el ol il e LialS ao 5 70 G
S gildgios g ple a5 BB 3l eaiasylis oS ak aalie
) 52553 e B g3 G

S8 sl (gBa L3 lasy ax b 5l esland (S sbas
S 55 a3 ate ) 480 0 5 o el 65 51 s
28 S 52548 o S8 mdopilis Jsdmssslind 5 s el
03l (39 3200 3 13 3 8 b i S o B S 2
oymasd A s 3 Sl oo IS gl e eS|y
Ao 335,806 530 5l plebl gl s ool b S e s
IS 5 sk ekl dlajiegh 0 05de ety (e
s e ek g il Jasl 5 5o SOlSa g0 )l sl S
gl ) o3 28 aslind 4ty B 595 oy (LCA) aeacas s
o 305 e dlaglesle o1 b o ey

S 3N a5 WS e Jluziy (Rubino etal, 2023) glaasl
e odgime p3 1y (L Dl e =3b o Glagle lis
Angelottiet) jia 53 bavolie j3.0505 S 35158 5yl Ul 3
Sl gt 53 AL Gy SUigy 55 0 55 5 45 al, 024
axdllas eyl 3 0dis S 0 S iyl o ol y polis caadon 5 it
;JJ&%);Q)\Ec\g,\j\jb'u,ad)&:s-\@\.w\omdb)\fj\l\gufm
Jom ol 6955 031> s 3T 5350 ol 3y e ke doad
S5 93 2 5 dady SU e agle ey L s JST W)
RCIW PUNN-S

o soae S o lllasly 253 ool slaadl s g5 3|
Muthu-) alex 3l eSlazsls 58 a5 (awel Jo bzl Jo anle) S 50
JalS™ ol e (Neri et al., 2023 skumar & Thilagavathi, 2024
2l s wlate J S50 il Lo sl ge ol |5 65 )
Mosls 0l 6 50l Gl Gl 250 (B 0 azasb)
B R N P g R O RS T TP E R
6513 a2 5 SUle 53Ul s H) 3 IS ands sl ils 00 50
A8 oWl e e ) e )5 e 1B

S ol BLIL glasy 4zl oSS ol e ol

Sl S 1al8 g5 g5 B > Sas e Sl 3l

Alijani, B, Ryu, J., & Sohrabi, M. (2013). Spatial and temporal analysis of
climatic extremes in the mountainous regions of Iran. The Interna-
tional Journal of Climate Change: Impacts and Responses, 4(4), 19-37.
https://doi.org/10.18848/1835-7156/CGP/v04i04/37183

Alsaffar, A. K. K., Alquzweeni, S. S., Al-Ameer, L. R, Ali, A. H.,, Mo-
hamed, A., Aldaihani, H. M., Reham, A., Al-Ansari, N., Al-Hashimi,
O., Shubbar, A., Khan, M. A., & Hashim, K. (2023). Development
of eco-friendly wall insulation layer utilising the wastes of the pack-
ing industry. Heliyon, 9(11), €21799. https://doi.org/10.1016/j.heli-
yon.2023.e21799

Angelotti, A., Alongi, A., Augello, A., Dama, A,, De Antonellis, S.,
Ravida, A, Zinzi, M., & De Angelis, E. (2024). Thermal conductivity
assessment of cotton fibers from apparel recycling for building insu-
lation. Energy and Buildings, 324, 114866. https://doi.org/10.1016/.
enbuild.2024.114866

Anisah, T. N,, Andika, A., Wahyudi, D., & Harnaji, B. (2024). Fast fash-

ionrevolution: Unveiling the path to sustainable style in the era of fast

fashion. E3S Web of Conferences, 475,02005. https://doi.org/10.1051/
e3sconf/202447502005

ASHRAE, A.S. of H. R. and A.-C. E. (2014). Guideline 14-2014: Meas-
urement of Energy, Demand, and Water Savings.

Baloyi, R. B,, Gbadeyan, O. ], Sithole, B., & Chunilall, V. (2024). Re-
cent advances in recycling technologies for waste textile fabrics:
A review. Textile Research Journal, 94(3-4), 508-529. https://doi.
org/10.1177/00405175231210239

Bayraktar, M., Fabrizio, E., & Perino, M. (2012). The “extended building

energy hub” A new method for the simultaneous optimization of

energy demand and energy supply in buildings. HVAC&R Research,

18(1-2), 67-87. https://doi.org/10.1080/10789669.2011.588300
Bhuiyan, M. A. R, Ali, A, Mohebbullah, Md., Hossain, M. E, Khan, A.

N., & Wang, L. (2023). Recycling of cotton apparel waste and its uti-

lization as a thermal insulation layer in high performance clothing.
Fashion and Textiles, 10(1), 22. https://doi.org/10.1186/s40691-023-
00342-y

Camacho Cusicahua, C. J., Bruno Chumbirayco, K. J., Arriola Alvarado,
C. E, & Aguirre Camarena, R. A. (2024). Impact of fast fashion on
the environment: A systematic review (2013-2023). In Proceedings
of the 22nd LACCEI International Multi-Conference for Engineering,
Education and Technology (LACCEI 2024). https://doi.org/10.18687/
LACCEI2024.1.1.658

Chang, M.-C., & Shih, S.-G. (2015). A hybrid approach of dynamic pro-

gramming and genetic algorithm for multi-criteria optimization on

sustainable architecture design. Computer-Aided Design and Appli-
cations, 12(3), 310-319. https://doi.org/10.1080/16864360.2014.981
460

Conti, J., Holtberg, P, Diefenderfer, J., LaRose, A., Turnure, J. T, &
Westfall, L. (2016). International Energy Outlook 2016 with projec-
tions to 2040. U.S. Energy Information Administration. https://doi.
0rg/10.2172/1296780

Cug, S., & Vidovic, M. (2014). Environmental sustainability through
clothing recycling. Operations and Supply Chain Management: An In-
ternational Journal, 108-115. https://doi.org/10.31387/0scm0100064

Fang, Y, & Cho, S. (2019). Design optimization of building geometry
and fenestration for daylighting and energy performance. Solar Ener-
£y 191, 7-18. https://doi.org/10.1016/j.solener.2019.08.039

Hassanpour, M. (2019). Evaluation of Iranian textile and leather in-




dustries. Journal of Applied Research on Industrial Engineering, 6(1),
33-51. https://doi.org/10.22105/jarie.2019.167432.1072

Humaidi, N., & Prabowo, H. S. (2024). Barriers and challenges in man-
aging textile waste in the circular economy. Advances in Social Scienc-
es Research Journal, 11(2.2), 486-500. https://doi.org/10.14738/ass-

rj.112.2.16396
International Organization for Standardization. (1991). Thermal insula-

tion — Determination of steady-state thermal resistance and related
properties — Guarded hot plate apparatus (ISO 8301). https://www.
iso.org/standard/15362.html

Islam, S., & Bhat, G. (2019). Environmentally-friendly thermal and
acoustic insulation materials from recycled textiles. Journal of En-
vironmental Management, 251, 109536. https://doi.org/10.1016/j.
jenvman.2019.109536

Islam, S., Bhat, G., & Mani, S. (2024). Life cycle assessment of thermal

insulation materials produced from waste textiles. Journal of Mate-

e 5 g5kl s

VI Gl F ojloi O+ 050 055lu e 5 (5 5lamo 1Ly 5 (slo it 4y

REHVA World Congress: Sustainable Energy Use in Buildings. https://
api.semanticscholar.org/CorpusID:56271187

Owusu-Wiredu, P. (2024). From a disposable to a sustainable fashion
industry: A review of the shameful trade flows of used textiles and

the need to address fast fashion. Corporate Governance and Sustaina-
bility Review, 8(1), 32—-44. https://doi.org/10.22495/cgsrv8il p3

Pratat, K., Ciemnicka, J., Koper, A., Buczkowska, K. E., & Los, P. (2021).
Comparison of the thermal properties of geopolymer and modified
gypsum. Polymers, 13(8). https://doi.org/10.3390/polym13081220

Rahmanian, I, & Wang, Y. C. (2012). A combined experimental and
numerical method for extracting temperature-dependent thermal
conductivity of gypsum boards. Construction and Building Materials,
26(1), 707-722. https://doi.org/10.1016/j.conbuildmat.2011.06.078

Rasheed, A., Zehra, H., Ahmad, S., & Ahmad, E (2023). Development
of multi-layer needle-punched nonwoven electric heating pad. The
Journal of The Textile Institute, 114(3), 462-469. https://doi.org/10.10
80/00405000.2022.2049049

rial Cycles and Waste Management, 26(2), 1071-1085. https://doi.
0rg/10.1007/s10163-023-01882-7

Juanga-Labayen, J. P, Labayen, I. V,, & Yuan, Q. (2022). A review on tex-
tile recycling practices and challenges. Textiles, 2(1), 174-188. https://
doi.org/10.3390/textiles2010010

Kamali, E J., & Sadi, B. H. (2016). Role of Iranian traditional needlework
in people’s social and family life: A study of Pateh embroidery in Ker-
man. Modern Applied Science, 11(1), 253. https://doi.org/10.5539/

mas.vlinlp253
Karmakar, S., Majumdar, A., & Butola, B. S. (2024). A sustainable re-

cycling process and its life cycle assessment for valorising post-con-

sumer textile materials for thermal insulation applications. Waste
Management & Research: The Journal for a Sustainable Circular
Economy. https://doi.org/10.1177/0734242X241270933

Konis, K., Gamas, A., & Kensek, K. (2016). Passive performance and
building form: An optimization framework for early-stage design
support. Solar Energy, 125, 161-179. https://doi.org/10.1016/j.solen-
€r.2015.12.020

Lu, M., & Lai, J. H. K. (2019). Building energy: A review on consump-
tions, policies, rating schemes and standards. Energy Procedia, 158,
3633-3638. https://doi.org/10.1016/j.egypro.2019.01.899

Mandell, J. E, Steckel, M. G., Chung, S.-S., & Kenney, M. C. (1987).
Fatigue and environmental resistance of polyester and nylon fib-
ers. Polymer Engineering & Science, 27(15), 1121-1127. https://doi.
0rg/10.1002/pen.760271503

Mohammad, S., & Shea, A. (2013). Performance evaluation of modern
building thermal envelope designs in the semi-arid continental cli-
mate of Tehran. Buildings, 3(4), 674-688. https://doi.org/10.3390/

Razumié, A., Runje, B., Alar, V, Strbac, B., & Trzun, Z. (2025). A Re-
view of Methods for Assessing the Quality of Measurement Systems
and Results. Applied Sciences, 15(17), 9393. https://doi.org/10.3390/
app15179393

Rubino, C.,, Liuzzi, S., Stefanizzi, P, & Martellotta, F. (2023). Characteri-
zation of sustainable building materials obtained from textile waste:
From laboratory prototypes to real-world manufacturing processes.
Journal of Cleaner Production, 390, 136098. https://doi.org/10.1016/j.
jclepro.2023.136098

Samardzioska, T., Jovanoska, M., & Grujoska, V. (2023). Sustainable
thermal insulation derived from recycled textile waste. Advances
in Environmental and Engineering Research, 4(1), 1-8. https:/doi.
org/10.21926/aeer.2301004

Sasi, S., Joseph, P, Haigh, R., Sandanayake, M., Vrcelj, Z., & Yaghoubi, E.
(2024). A review on the effects of waste textile polymer fiber on con-

crete strength: Exploring the key parameters. Buildings, 14(5), 1486.
https://doi.org/10.3390/buildings14051486

Seyf, A. (2001). Iranian textile handicrafts in the nineteenth cen-
tury: A note. Middle Eastern Studies, 37(3), 49-58. https://doi.
0rg/10.1080/714004403

Singh, A. (2024). Integration of waste management in textile industries of
India. International Journal of Scientific Research in Engineering and
Management, 8(7), 1-13. https://doi.org/10.55041/IJ]SREM 36458

Sun, C,, Liu, Q., & Han, Y. (2020). Many-objective optimization design
of a public building for energy, daylighting and cost performance

improvement. Applied Sciences, 10(7). https://doi.org/10.3390/
app10072435

buildings3040674

Muthukumar, N., & Thilagavathi, G. (2024). Development of sustaina-
ble thermal and sound insulation materials from textile fiber wastes.
In Biocomposites: Bio-based fibers and polymers from renewable re-
sources (pp. 247-256). Elsevier. https://doi.org/10.1016/B978-0-323-
97282-6.00011-6

Neri, M., Cuerva, E,, Levi, E.,, Pujadas, P, Miille, E., & Guardo, A.
(2023). Thermal, acoustic, and fire performance characterization of

textile face mask waste for use as low-cost building insulation mate-
rial. Developments in the Built Environment, 14, 100164. https://doi.
0rg/10.1016/j.dibe.2023.100164

Nielsen, P. V,, Rong, L., & Cortés, I. O. (2010). The IEA Annex 20 two-di-
mensional benchmark test for CFD predictions. Clima 2010: 10th

Tang, K. H. D. (2023). State of the art in textile waste management: A re-
view. Textiles, 3(4), 454-467. https://doi.org/10.3390/textiles3040027

Trajkovié, D,, Jordeva, S., Tomovska, E., & Zafirova, K. (2016). Polyester
apparel cutting waste as insulation material. The Journal of The Tex-
tile Institute, 1-8. https://doi.org/10.1080/00405000.2016.1237335

Vo Thong, N., & Hung, T. (2019). Research on the parameters influ-
encing the thermal conductivity of gypsum plasterboard under fire
conditions. Cogent Engineering, 6(1), 1-10. https:/doi.org/10.1080/2
3311916.2019.1569796

Voigt, L. K. (2000). Comparison of turbulence models for numerical cal-
culation of airflow in an Annex 20 room. https://api.semanticscholar.
org/CorpuslD:197565059

El Wazna, M., El Gounni, A., El Bouari, A., El Alami, M., & Cher-




Yv

slaplele ol e plsisa BLIL dlad ) Gl 5 S b3l
>y \..;.LS\

kaoui, O. (2019). Development, characterization and thermal
performance of insulating nonwoven fabrics made from textile
waste. Journal of Industrial Textiles, 48(7), 1167-1183. https://doi.
0rg/10.1177/1528083718757526

Yin, Y., Yao, D,, Wang, C,, & Wang, Y. (2014). Removal of span-
dex from nylon/spandex blended fabrics by selective polymer

degradation. Textile Research Journal, 84(1), 16-27. https://doi.
org/10.1177/0040517513487790

Zach, J., Hroudova, J., & Korjenic, A. (2019). Sustainable materials with
potential application as core materials in vacuum insulations. Ap-
plied Mechanics and Materials, 887, 90-97. https://doi.org/10.4028/
www.scientific.net/ AMM.887.90




