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ABSTRACT

KEYWORD

Purpose: The objective of this study is to establish a life cycle inventory (LCI) database for domestically —3SH=A

produced Larix kaempferi cross-laminated timber (CLT) at the material stage (A1-A3) and to quantitatively

RESEAE P
HIHE}

evaluate its greenhouse gas emissions and biogenic carbon storage potential. By doing so, this study aims to provide EbA X2t
fundamental data for the environmental assessment of domestic engineered wood products and to support
quantitative decision-making for timber construction and carbon-neutral building design. Method: The functional ~ Engineered Wood

unit was defined as 1m® of CLT. Primary data were collected through on-site surveys and interviews conducted at
a CLT manufacturing plant to identify material and energy inputs and outputs. Based on the constructed LCI and

Cross-Laminated Timber (CLT)
Life Cycle Assessment (LCA)
Carbon Storage

corresponding emission factors, a life cycle assessment was performed in accordance with ISO 14040 and ISO

14044. The system boundary was limited to raw material production (A1), transportation (A2), and manufacturing A CCEPTANCE INFO
(A3). In addition, the amount of biogenic carbon stored in CLT was estimated using the wood content and average  Received Feb. 3, 2026

carbon fraction, and subsequently converted into CO»-equivalent values. Result: The results showed that the total ~ Final revision received Feb. 23,2026

greenhouse gas emissions at the material stage amounted to 224.76kg CO,-eq/m’, with the manufacturing stage

Accepted Feb. 27, 2026

(A3) contributing the largest share, followed by transportation (A2) and raw material production (A1). Meanwhile,
the biogenic carbon stored in CLT exhibited a substantial CO, storage effect, partially offsetting emissions
generated during the material stage. These findings quantitatively demonstrate the potential contribution of

domestic engineered wood products to reducing embodied carbon in buildings.
(© 2026. KIEAE all rights reserved.
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EAqEe A5E AR oA Aok vl Fol A, A= 2pA <] &
AR EAO) A5E AA9 &4 Feel AFAL dFS vH 5 3
the HollAl, LCA T oA Sas B7F o2 Q1A= x qlct.

ol# gt i Lol A 28 FAHOE B AFS Yo = e &
7873 W7t ALt ol 7155 (Life Cycle Inventory, LCI) Hlo]H
o] A FLZo0] &is] e =] o] ghrt. oF 1990 thE] E2 A&l
thgt LCI/LCA A7k A#tE] o] gkom[4], Z7]ofli= 7h-AH] A
SAl A7t o] oA A5G Bt X AL F E2
22 A7 == FAoltHS]. de Serres—Lafontaine 52 1L
A S EA(CLT) 9 A2HS o2 54 A 247 A7y

H7HLCA)E 2t 8443 B7HE 3312 [6], Balasbanch &
2 Aot ZIEE Zee HA-ZI2E Bt HE AAH
(Timber — Concrete Composite, TCC)& tiAte2 AuAm7}
(LCA)S} A H| 24 (LCC)2 SHstATH T
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d) Perspective view of the National Forest Welfare Education Center

Fig. 1. Application examples of cross-laminated timber (CLT) in
major public buildings in South Korea [15,16]

o BRA5 A7 7ot FAl0ItH13,14]. R4 A2 e
L2 9ol ALH Mj g starnet (185, 2F 85.4m) <} 7Hict HiFH
o]l Y215t Brock Commons Tallwood House (182, 2F 53m)7} 91
o}, Fig. 1.3} Zo] FU ol A= CLTS 283 A% Atel7t 44 571
st glon, 33 AHES THOR AFH Fgo] o]Fojx]1L 9l
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HAUS - A - 0HE
[ Raw Materials
Product Stage (A1-A3) Domestic Larch
(Larix kaempferi)
v
| Unit Process (1) I
Construction Process Stage Sawmilling
(A4-A5) Drying
Planing
L
Use Stage (B1-B7) | Domestic Larch Board |
l Transtport
Raw Materials |—>| Unit Process @ |—>| ‘Waste
End-of-Life Stage Adhesive Defect removal Waste lubricant oil
(C1-C9) Paraformaldehyde Strength grading Wastewater
Adhesive application Wood residues
Layup (layer assenby)
Recycling (D Pressin,
° g (M) Electricity ¢
. Cutting and sanding
Industrial water
Diesel fuel l
Fig. 2. Product life cycle stages Luvricating oil | Final Product |
CLT

= HojFE Al B7hEd.

oj¢} Zo] CLTE 724 45t *1% aeide s g
AE B FAEARA, A5 Fopoll A o] 28 He7H A &
=2 Qlet whebs CLTE Ao = g 334 B7t, So] A4t o
Aol o] 3T AFA o= B4 5= AolF71%87t a7 =
2529 244 5L olsfstal F2l el Al Age A3t
i F8% 7z Az 282 + Ao

A& 0] Aol 7] 552 1SO 14040 2 ISO 14044 4] A A ot=

A wdof wheh A, A5AA 9] 7% EN 158040741 74

(Cross-Laminated Timber)

Fig. 3. Manufacturing process flow of cross-laminated timber (CLT)
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450kg/m*S 715 XA 02 AAston, dg 21 BA i
AR A AR AZ ARE Hleko 2 A ojshalnh, 23, AAFIBE 15 9 2A7A wjEF 41 93
glolg 342 A4 Y4 dd CLTE Aot 382 ez 2 A= oA E BE HolE = 2.28004 Aot 715 T
202510l =243t @& 2AF L BA AL A HE S5l o] FolF oH, £ 7150 Sitsto] o7 Z5(LCDE F55H3ieh o7
ZAF A A Eel 7Fs e FEel tisiA = 14} HlolHE 44 E52 A H9E CLTY B34S SHOE FUER AAEE
o2 stHsigih 4 HlolE = @4 2AF A9 o At 2 st oH, 7t AR 2E ol tigt dlolH = Zetst
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7] M, M= CLT Alzo] BsE A= 2] B (kg TEm)
< YulstH, EFE o |4 o digh 247tA wiEA 4 (kg
COz-eq/unit)oltt. D= AlE 2] 2% Al km), EFe 5 5d ¢
of w2 2474 v E A4 (kg CO,—eq/ton'km)E 2| g}, E1H
M= Az FN A= 29 /2 AHFERWh, L 5), EFe
g f2 el ot 247 A #iEA (kg COz*eq/umt)E
Epylitt.

T

Table 1. List of LCI database items and sources of emission factors used
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Table 2. Density and carbon content of wood products

Densi Carbon

No. Item (kg/m?)l fraction
1 Sawn wood (Mixed) 458 0.5
2 Sawn wood (Coniferous) 450 0.5
3 Sawn wood (Non-coniferous) 560 0.5
4 Fiberboard 691 0.427
5 Particlebloard 596 0.451
6 Plywood 542 0.493

Material/Flow Database category

Database name

CLT production Ecoinvent v3.10

cross-laminated timber production | cross-laminated timber | Cutoff, U

Lubricating oil Ecoinvent v3.10

lubricating oil production | lubricating oil | Cutoff, U

Adhesive The International EPD System EPD-IES-0023088:001
Sawn timber National Institute of Forest Science (Korea) Sawn timber production
Paraformaldehyde Paraformaldehyde (37%)
Diesel Diesel fuel
Electricity Electricity

Process water
Municipal solid waste
Waste oil
Waste wood

Korean Environmental Product Declaration
(Korean EPD)

Transport process

Industrial water

Municipal solid waste incineration

Designated waste incineration

Waste wood recycling

Road freight transport (truck)
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CLT Az Al Zq%ElL 22 588 ok 50% 4202 FlEG o
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S AAZ 2534 WAA L Ak B4 25

1 0, £ B LI 1
2 gelatgon, 2t AR 24 59, 2% A2
ERIES e o 24 2 e 24 5

Table 3. Life cycle inventory (LCI) of inputs and outputs for the CLT product stage

. . . GHG emission factor Activity data source
Category Type Material/Flow Quantity Unit (ke COy-eq/unit) i)
Sawn timber 2 m’ 27.348 Primary
Raw material Adhesive 6.154 kg 0.172 Primary
Paraformaldehyde 1.846 kg 0.323 Primary
INPUT Auxiliary material Lubricating oil 0.330 kg 1.757 Ecoinvent v3.10
Diesel 1.669 kg 0.0682 Ecoinvent v3.10
Utility Electricity 95.624 kWh 0.495 Ecoinvent v3.10
Process water 82.130 kg 0.00211 Ecoinvent v3.10
Product Cross-Laminated Timber (CLT) 1 m - Primary
OUTPUT Municipal soliq waste 0.398 kg 1.18 Eco%nvent v3.10
Waste Waste oil 0.330 kg 1.8 Ecoinvent v3.10
Waste wood 1 m’ 0.136 Primary

Note: The “Activity data source (quantity)” column indicates the source of activity (quantity) data used to construct the life cycle inventory (LCI).
Greenhouse gas emission factors were derived separately from the databases listed in Table 1.

Table 4. Transportation scenarios and applied emission factors for raw materials

Transported material Transport distance (km)

Transport amount (kg)

Road freight ruck GHG
emission factor
(kg CO,-eq/ton-km)

Transport mode

Sawn timber (larch) 335 900
Adhesive 6.154 .
Paraformaldehyde % 1.846 R"a?mfcfght 0.192
Diesel 1.669
Lubricating oil 0.330

(©2026. Korea Institute of Ecological Architecture and Environment all rights reserved. 61
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th. &% ©A9] Aol 7] 58 4 ATHE Table 4.9 AIA ST 24 AAD S LA NZTE 22 AE] 24 A2t
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Nzow Tzt 71017} 7P A7) vEbt oo, 1 kg0 2 A% T4 AHLH
AAA] DA LA HjEEE 224760kg CO,-eq/m’O 2 £ 12 ALgo] o2 vEo] &2 Hl %S AA|stnt. HEA AT
T 259t} o] 2 thAE 2 R Fig, 4.9} Zo] A AR gL A, A, o AT 5 F7HAR] 5 o uA] A
AT~ HIEZ Z A A (A3) 7} 7 =L | ES AR 5HE L o] #HIE7] wj 2o, &9 7153 AL s &l iAo r 2
o, 1 the 0 2 9% T (A2), YA A BA(A]) 02 e Al 37k ALz EAH o Ak CLT Alx 54014 &
ot AR A SA(AD)S A= & 56.350kg CO,-eq/m*2) H Aot HZA o] Aol A3 BHA 2AZA HlE EAC] 8% G
Zo] Ao n], 2% TA(ADNHE 57.946kg COp—eq/m’, A = S A,
2 YA (A3l A 110.465kg COp—eq/m™7t A ik, s o sAMeE g3 CLT AF] EPD A= 3 Al-A3 ©74°]
A A2 A= Table 5.0] AA5HAT GWP-GHG %2 H|agt A3, Table 7.3 Zo] oF 53.1-232.0kg
LA B BAWDANAE AAE g4 3o e ga7ks COreq/m’ WIAR UEhITh 2 AN =S8 A HEF
shgel 7107} 74 2 ebe ol OLT AZE s 29 (224760kg COrmeq/m)2 ST 91 Hiel X 9fale] Aot
Hi A2 BaFo] W4 Al U] AL HjZ3Fo] Z}st Ao SRAHGI o, 7 EPD= A9, e 28 A, 54
L 2z0] 7|08 ATtE fAHT B AT oA 240 AL 1m’ o A 29 HZA AbLEF 9 HAR Sio) HEA] E0] 714 o] A
o CLTE AAFs}7] 918 oF am’e] Aol Eqfslo] Baf 4-go]  Olotel A< L wlatol= AP ik
0.54% 0.10%
Electricity
43.08%
Waste wood
55.69%
Sawn timber Sawn timber transport
96.08% 99.90%
Al stage A2 stage A3 stage

Fig. 4. Contribution of life cycle stages (A1-A3) and major emission sources to GHG emissions in the material stage

Table 5. Greenhouse gas emissions by material life cycle stage (A1-A3) per functional unit (Im* CLT)

Category Al stage A2 stage A3 stage Total

GHG emissions (kg CO,-eq/m’) 56.35 57.95 110.46 22476

Table 6. Biogenic carbon storage and corresponding COs-equivalent storage for Im® of CLT

. . 3 . 3 Biogenic carbon storage Biogenic CO, storage
Timber quantity (m’) Wood density (kg/m’) Carbon content (ke C /) (e COz-eq/m3)
1 450 0.5 225 825
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Table 7. International CLT EPD-based GWP-GHG values for the product stage (A1-A3) (unit: kg COxeq/m’) [21]

Category Conpany A

Company B

Company C Caompany D

GWP-GHG (A1-A3) 232.0

76.5 53.1
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