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Abstract: In order to understand carbon emissions from wooden building materials produced in digital and intelligent factories and
to provide ground references and benchmarks for carbon reduction strategies, a life-cycle assessment (LCA) was conducted in this
study to quantify the carbon footprints of main wooden building materials. The results show that the carbon footprints (per unit mass:
kg CO,e/kg) for a wood floor tile, a wood door, and a wood door frame are 1.21, 1.26, and 0.47, respectively. The carbon footprints
of the floor tile and the door are greater than their domestic counterparts in the literature. The raw materials and production processes
are the main sources of carbon emissions for wooden building materials, accounting for 54.74%~77.47% and 18.57%~38.94% of the
total carbon emissions, respectively, while the carbon emissions during transportation and waste gas treatment process account for
less than 9% of the total carbon emissions. The Monte Carlo simulations show a relatively low uncertainty of the calculated carbon
emissions in this study. Digital and intelligent factories could potentially reduce carbon emissions in the future by procuring
low—carbon raw materials, optimizing the product designs, improving the energy efficiency of equipment, and using clean energy like
solar and wind.

Key words: wooden building materials; life cycle assessment; carbon emissions; low-carbon strategy; intelligent manufacturing
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Fig.1 Life—cycle assessment for wooden building materials produced in digital and intelligent production lines
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Table 1 Functional unit—specifications of the studied wooden building products
b AR KRIJ RITE
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Table 2  System boundary of this study
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Fig.2 Processes included in the system boundary
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Table 3 Inventory of raw materials for each piece of

product(kg)
AR B SRR 1 Bt 1 AT IEIRES

AR 1.58 17.73 432

By TR - 68.44 -

W - 58.58 -

L BIRA S - 2.73 -
FeAR PR - - 17.41
By K AR - - 8.01
KRB 0.04 0.07 0.37
- i[m 0.10 1.89 0.33
JBE 0.03 1.35 0.50
Hiak - 1.62 0.62

s RyEI] 0.02 - -
B 9.39%10* 439 1.68
SR 4.50X10° 0.9 0.40
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Table 4 Transportation data of raw materials

W N

JE AL [y o JE T B8 (km)
AR fata ESi 18.0 200
B K T T4 fata ESi 18.0 200
AR fata ESi 18.0 200
W5 K EERA AR R Seah 18.0 200
FEABERR R Seah 18.0 200
WA IR S 18.0 200
KB fata ESi 45 200
b3 fata Wil 6.0 170
JgeoK fata Wil 3.0 200
ik fata ESi 45 200
BB IR S 4.5 200
IR bR Seah 4.5 200

ARl DA (s PRI/ 13 LR FNLL IV

R5 BHFREFRERIEFFRKWh)

Table 5 Energy consumption during the production for each

piece of product(kW-h)

AR 1 Pt 1A 1R
ABADPEHIN T - 14.35 1.07
M INT 0.45 6.68 9.02

JEG S 5 0.01 3.28 0.85

BHH 6.43X10* - -
TEEL 0.04 - -
IR 0.05 17.49 1.49
e 0.03 - -
KU B 0.01 - -
7 - 16.16 -
&t 0.59 57.96 12.44

TE = RoRi%r i L AN U T R

*6 BAFmANESHBMERMFERASE
Table 6 Organic waste gas emissions and the natural gas

required for each piece of product

iH HuAR K1 RES
) LED UV J&#(g) 0.95 18.99 0.80
Sy=
ﬁi’j? WA KB  0.23 2.09 -
B AKYE UV Tfiv(e) - 4.18 -
AT 5 AR (m?) 0.04 0.83 0.03

TR RIRI%™ S AR A AZ .
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Table 7 Carbon factors for energy, raw materials and transportation
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He A 1 kgCOLe/m’.
1.4 AHE RIS b

K S5 R DRI AT AN E R 5 4 A
TSR B b O BN E PR T S R
REAR B B R (EA A S5 040 48 iR
JE£ BR 0™ AR BEAURE A, D 38 5 B0 2 A ST 507 i sk
SR, AT 20 et SR AT A o e A T ) R )
ATRRELIETH SIS  ARUEZE . 95% BA% X ) 45 13
77 il IR AN 58 T 2130 B 5 R VA4 ) RS B
SO T =

2 HRE5SH

2.1 W rEHESO A R

W 8 P, —HRHUAR (KB /L7284 1.54kgCOze,
LR R ) 2 s R PR I TSR R 882 vy, ) o e
HEBBUR B 72.17%H1 18.97%; HABIRYT by LA X4
I, 32 B A0 R AL B BB B A A 3.15%
A1 5.72%.— AT T C2G WHEBCN 154.47kgCO00%e,
FLA P RE B B B RRHEIC S e miik 77.47%, i3 by T
18.57%, 38 i F A LI <AL HL Y Bt HE s EE A A
2.76% Fl 1.21%. — @l 171 19 7 ah B 2 7 4
15.81kgCO,e, I FobA bt L il e Jok i ity e Hl s 2 o,
I3 54.74%F1 38.94% 38 Hi M AL AL
EEAN hy 5.95%411 0.37%.

BT LE 3 = i, S HE SO 7 RS B
FHIC AR T T 2R AN R, & B BBt b LAl X

Hi AR

KA BEAE MRS e I T80 B o B A9 5.72% 5z K
TR AL A LA R S ) b 1.21% F
0.37%,1X B i Ti%) {EFIVE AR S R g 2
35 AR At = b e AR 2 PR MR L
JR AT T B HHE TS Tl s e, Bk 77.47%,1%
F B TR M (1035 BE AR B HE TR R T v 9
FER R MU R D 18 1 i e HE T8 b Iz
T AL A X S T I ER A AR E,
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BRI

%8 =MEEKREMBIBRHIBIZE L R(kgCOse)

Table 8 Carbon emissions of the three wooden building

materials(kgCO,e)

A= B HAGE LG, %)  RITGH %)  TTEHL.%)
M 1.11 (72.17) 119.66 (77.47) 8.65 (54.74)
=i 0.05 (3.15) 4.26 (2.76) 0.94 (5.95)
il 0.29 (18.97) 28.68 (18.57) 6.15 (38.94)

g oeil 0.09 (5.72) 1.87 (1.21) 0.06 (0.37)
Fosan 1.54 (100) 154.47 (100) 15.81 (100)

Wi 3 froR,3 R TR A i R 96% LA E (1)
J AL B HE A R H R AR A AR, ALK
AR A I AR A LR N A 7 R
HEB T 0.2% LN (MR 0.2%, K11 0.04%F1 1]
0.01%). H1 st o] U, B AR T S0k A oo Ty 40 4 ik
AT T — R A VF AR 6, H X L6 i v 0] 3 4
T S A SR 25 SR T AN 23 3 R K R i)

B AR PR BRI = 0.088 kgCO2e

17 B 51 8 3.75%
0.0033 kgCO2e

KRS 96.25%
0.0846 kgCO2e

A
BESAEE SRR = 1.869 kgCO2e

UL 3.52%
0.0659 kgCO2e

KRR 96.48%
1.8031 keCO2e

B3 PR A AR HE A 2

RE:3
JES M EE RBEHE I = 0.059 kgCO2e

L5 iR 3.88%
0.0023 keCO2e

FART 96.12%
0.0568 kgCO2e

Fig.3 Details of carbon emissions during the waste gas treatment
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PEHTH R 0.4948kgCOLe/(kW-h), 5 ¥ Ht 11 K 145
G5 3 AT B/ MEFEKAE 3 2R 0.4 Fi 0.6kgCOLe/
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Table 9 Parameters setting in the uncertainty analysis

FrBe T S S AR
Bl SilE SRR S ,SD=5%
e ERE AR R R IEZIM1,SD=5%M

TR SR AR T

IEA&SM11,SD=5%M

o B 1EA&S0,SD=10%M
HeH 7 IEA M 1,SD=5%M
e AP RERT 1E&SA1,SD=5%M
L R 3451 43475 ,min=0.4, max=0.6
AR RAR SR E A, SD=5%M

T :SDF AR HEZ MR B (E;min 7R F B maxioR R

TTERHEMST GRBKRH=10105)
JABREESE=15. 8, 95% B fE X F=[14. 32, 17.33], k5AE%E=0.82

4500 1
97540 = 17.33
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Fig.4 Results of the Monte Carlo Simulation: door frame as

the example

F 10 THWEMS ML R E EBRERTEEILR
Table 10  Uncertainty analysis results and the comparison

with deterministic LCA results

Wt RN
i
. \ e
T T e oswempmn T UER
SE RSD(%)
Mk kgCOse 1.54 1.52 0.08 [1.36, 1.68] 5.26
N [142.06,
AT kgCOse 154.47 154.78 6.58 4.25
167.81]

72 kgCOxe 1581  15.80 0.82 [14.32,17.33] 5.19

3 Wit
3.1 BRHEBRRS E

AHFF TR AT IR X6F I (1 LA o ik
JEIES 54 1.21, 1.26 F10.47kgCOqe/kg. A T 55 41
ISR T EE K PR b AR R A 1] R AL 328 (1.54 Al
154.47kgCOqe) 5 T Hu AR FIA [ ] (1) RS # 5Bk 8.83
H1 46.21kgCO,e/m’.

SCRR[ TS A A HUAR 3 A gk AT T 4 2E
i k% S M ORE 3 B B HE iz Rk
6.095kgCOe/m’ MHEIBRHEBUE HREBRHEBINILT 2 545
HESCHRIIL) 45 SRAE 0y [ A — M UBAL T A P AR iR
(PR KT B T A= I A B B P 1w
HATMAKY: 44.87%. (HATAE B, A AU AR (1)
HIVE IR U R s (H T 1) A e A BRI
WA IR RERL A, L B BEHET 7 EE(18.97%) M
T A R i R L BB L (34.2%), 7RI T 4K
BULT) A Ak, i 11 R %0, A R = g
PR R LA 5,0 16.374kgCOse/m’, HAT
BHEEER 99.2%, 1% AT e F-FIL BT RHcHES R 1
A v, HL LI SRR A U A A P L. H AR AR o
BRIl 52.0kgCOL/EE,— & 4Tkg A5
1.106kgCO,e/ kg A FTHIAR IR AL 728 1y 116 A [RIA T
H AP AR TR

HH 12 W1 AR T T AL 78 iy T 0 2 R
W NI € VI E N N7 S P N 7 T 3
245 T e T R R s HE T BRI 31 [
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Table 11  Comparison of the carbon emissions of our floor tile and others
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Table 12 Comparison of the carbon emissions of our door and
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