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LCA-based assessment of manufacturing-stage carbon emissions from recycled
HDPE-WPC cladding with flame retardants
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Abstract

The environmental impact of flame-retardant WPC cladding was evaluated through life cycle assessment. Two systems were analyzed:

physical intumescent using expanded graphite with an ionic liquid, and chemical intumescent using APP with lignin. The functional unit was
1 m? siding, evaluated under ISO 14040/14044 and EN 15804+A2 standards. Results indicated that the physical intumescent system had a
lower carbon footprint, while both cases showed flame retardants as the main contributors. These findings demonstrate that flame-retardant

selection influences climate performance and underline the need to integrate environmental criteria with fire safety in sustainable construction

material design.
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1. M2 of X"t char & A3y, o 94 2 &4 ¥k
£ B3 d4&E AAET o] Aole ded dd AR
WPC(wood plastic composite)= 7Z=Hofkol A © A, oyt Al ZIAAH dE, WFPdE FFS v Hh
M2, A"l AA, 7H7 5 Ot AFoz F8&5H1 dAA Y Age A FHAAEE Folv FA BHF
Rem, AsE R vz A& VhedE =oEHu FolgteE AAE st B ddAle A 43t
At 2Eu fEuE ASHGE AS5E A dial Aot 4R A AXNAR, FA 7IHke] 55HA dd
KS F 1SO 5660-1 2 KS F 2271 7]|&d wzt FHEEHF AAFR)el Hl) Az #HAgo] Testa AR aF-&Fo] 4
8 MJim® °l&}, H# IHEE 200 kW/m* o]}, &AL Aoz vtk wtd setd dAA s AA - ALaA S5
202 olatE FFsle dd AHes RSt Utk = F4 AAHNA =L YA FEH FYol ast
WPC: # HDPES} =& 5 #7148 A8E FALLE 3 W, AHE & #H7] Al AZEAo] AetEIL fall FAbE]
of 7tdAdol =7] W&ol olHd Wit rEe UHI AT = o et 3l A SRS 4 FY HAa
el G BAo] Ao, A e AFAAZ 3} Atole] e BAIE AFH R FHEs Aol as)
A 7eS SR F Jde Ut vtde] a7dEn o, AAF7187HLCA= °l& Hrlstes E3F ] =77
AZAA Y] G Ass Asete BHe IA 94 Hoh =3 A ESG A9, g4FH A, 54 1A%
WG dAAS 557 BAAY AR U= 7 A FAEY F42 A A A" A dAHY HAS5E DT
WP FAF 22 EYH ddA= €& Hod 29rt Hom g3sta oH, ol A AeH AN HItE
WA AL @35S FAhste] I3 Aie] HAES A TR FYsts A7 T B FA4HET
o3tk WA APP, PER, MEL 5 QA - A&A ARESE 71E A7 BAAE FAoy A - HAaA dAAS
g3t WPCe ¥ A%S &F4A7I+ o IJFa o
AT ekl kAL o] Aol = A, d5F FA3, 71AH He W
AT e e Toll #F vpo] 49 A7 Rugd o, ddA A
A At ag gol ute BAYYPAA TIG ATE ol¢ AFHolh
. . L 53] =23 daAe 334 dAA 3 BHEFEF AolE
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FEFS LCAR Ml - BA43ta et

A Qg wol FaE A< (No. RS-2025-02263517)

- 454 -



2. gkt

B AFoAs dAAE A8 WPCe HIEFE A
Fa}atr] 9Jsl LCA WHES AHgstdth sl 34 IF
7k 15014040 & 150140449 AN A&k Axpol| whah A=

gatAch 71299 = Hel Im* gAAR AASAT
As At w2 FAHGFES 437 #8 EN
15804+A2:2019001 4| A A3t BHAFHAAEPD) #+4 F
Product stage¥t& 3ttt £ ALY GAAE
243 WPCe EFEJHFS Li et al.(202002] A+E <
L3l Li et al.(2020)91 4= HofQl4kd 7wt o
AHBMP)E FAsted BFAE SAEGS} A WPCe
A dss %“‘Sh_x} stath shstd R GAAE
23 WPCe EZEUFLE Wei et al(2022)9] Ao
o183ttt Wei et al(2022)014= WPCe d4 A
FAstr] sl FE ALY EF(APP)H APPO| ©313
s9& FAA7I7] Ha Bad &A7 E8EAT B
TolA Ag¥ Life cycle inventory database (LCI DB)&
o ZAW Eo|A A&t LCI DBE AM&-39 T 7493k
H7F WHES AH9AYs7 AASE Environmental
Footprint (EF) 3.10] AF&=¢lom, ¥ A7+ += EF 3.1
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1. 2218 Y AN HEE wpCel =gH| (Case 1)

recycled . .
Wood . K Maleic anhydride
High-density BMP | EG | Total
fiber grafted polyethylene
polyethylene (%) (%) (%)
(%) (MAPE) (%)
(rtHDPE) (%)
35 30 5 20 10 100

2 ooty ¥y HANT HEE wpCel =4gH| (Case 2)

Wood L Zinc
rHDPE | Lignin APP Total
fiber %) %) %) MAPE | stearate %)
(%) 0 0 0 (%) 0
10 37 25 25 1.5 1.5 100
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WPC oAl Ag" F 7FA dAd Al=H(Case 1: &
& A dAA, Case 2: 3t HAA dAA)] &
A7t A S S AT Case 19] A%, 1 m* WPC
Atoldd AAE Al ZE 2845 kg CO, -eqe] #i&H0om, o
ZF BMP7} ¢F 62%E AAste ANl o] & 7H3teE AL
2 vehgth o]olA rHDPES} EG7F 22 15% ul$le] )
S HYgow, Wood fiber 5 ©E AFTEY 7|d=+s
Aoz vkt Wk Case 2914+ % 40.90 kg CO,
—eqe] MEHA oM, APP7L HA| S 54%=E 74 E HlF
< ARG g2 rHDPEY} 23%, ﬂ:’.‘/] o] 17%=
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