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Research Paper

The study on carbon footprint of wooden
pallets in Taiwan

Yi-Xin Rao ' Yung-Chih Chen'” Wan-Yu Liu"

[ Abstract] This study focuses on exploring the life cycle assessment and environmental impact
assessment of Taiwan's wooden pallet industry’ s imports and exports. A detailed investigation was
conducted on the emissions throughout the entire life cycle of wooden pallets, including their reuse and
carbon storage. Additionally, the influence of import and export shipping distances on carbon emissions
was taken into account, and the contributions of shipping distances and total import/export quantities to
overall emissions were calculated. The results show that the main source of imported wooden pallets in
Taiwan is from its own exports and subsequent re-imports. The following sources are Latvia and mainland
China. The total emissions from imported wooden pallets are 1,409,524 kg CO,eq. On the other hand,
the main destinations for wooden pallet exports are the United States and mainland China, with a total
emission of 84,670 kg CO,eq.Taken together, Taiwan's imports and exports of wooden pallets contribute
to a carbon footprint deficit of 1,324,854 kg CO,eq. In terms of shipping transportation, emissions reach
as high as 1,055,234 kg of CO,eq, underscoring the excessive import dependence of Taiwan's wooden
pallet industry and the resulting substantial carbon footprint emissions. Based on the research findings, it
is recommended that the government places greater emphasis on the domestic timber market and increases
the utilization of domestically produced timber. This approach not only extends the lifecycle benefits
of wooden pallets but also reduces energy consumption. This action would help alleviate the industry's

overreliance on imports, thereby lowering carbon footprint emissions.

[Key words ] carbon footprint; transport pallets; life cycle assessment; environmental impact assessment.
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Figure 1. Life cycle assessment architecture diagram.
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Figure 2. Life cycle of wooden pallets.
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Table 1. Taiwan’s annual import and export volume of wooden pallets in recent years.

Import Export Import/Export

Price Weight Price Weight Price Weigh

(KNTD) (ton) (KNTD) (ton) (ratio) (ratio)
2021 250,456 13,260 56,209 1,502 4.46 8.83
2020 148,472 8,597 167,843 5,071 0.89 1.7
2019 163,427 9,609 190,800 3,998 0.86 2.4
2018 126,632 7,455 134,326 3,667 0.94 2.03
2017 103,757 6,090 87,650 2,586 1.18 2.36

BRI ¢ BB P55 (2022)

Source: Customs Administration, Ministry of Finance (2022).

R2. 2021 AR &Y o
Table 2. Import data of wooden pallets in Taiwan in 2021.

Country NTD (thousands) Weight (tons) Percentage (%)
Taiwan ' 38,302 2,247 16.95
Latvia 43,368 1,960 14.78
China 38,799 1,949 14.70
Netherlands 33,610 1,718 12.95
Lithuania 23,936 1,546 11.66
Japan 11,823 1,364 10.28
Denmark 31,618 774 5.84
Vietnam 7,413 447 3.37
Germany 7,205 435 3.28
Ukraine 6,762 405 3.06
Poland 3,810 190 1.43
South Korea 2,028 169 1.27
u.s. 513 22 0.16
Sweden 454 14 0.11
Philippines 116 14 0.11
Italy 683 3 0.02
Other countries 16 2 0.02
Total 250,456 13,260 100

BRI | A BB 58 (2022) ©
L' B R TR A BUE o R4S 1 B T e R OB [ A B P R AR T
Source: Customs Administration, Ministry of Finance (2022).

Note ': The import volume of Taiwan is the value of the re-import volume, which refers to the re-import
of domestic products exported for simple processing or returned for some reason.
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Table 3. Export data of wooden pallets in Taiwan in 2021.

Country NTD (thousands) Weight (tons) Percentage (%)
U.S. 14,597 643 42.81
China 10,169 582 38.78
Japan 5,946 53 3.52

Guatemala 1,947 49 3.27
Singapore 1,191 27 1.81
Marshall Islands 753 21 1.37
Netherlands 15,494 17 1.13
Philippines 290 17 1.10

Macao 675 17 1.14

Denmark 317 11 0.70

Canada 281 11 0.70

Malaysia 434 11 0.70

South Korea 2,550 9 0.62
U.K. 335 8 0.55

Australia 350 7 0.45

Swatini 105 3 0.18
Poland 91 3 0.21

Vietnam 86 3 0.19

Germany 119 3 0.18

Other countries 156 3 0.22

Thailand 82 2 0.16

Honduras 51 1 0.06

Belgium 112 1 0.09

Sweden 78 0 0.01
Total 56,209 1,502 100

BRI © A BB 58 (2022) ©

Source: Customs Administration, Ministry of Finance (2022).
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Unit: kg CO,eq/ per wood pallet (0.035 m’)

R R terial . .
aw aw ma er.1a Manufacturing Repair  Abandoned Total
material transportation
Carbon 1.68 1.14 1.69 0.36 0.005 4.875
Footprint

ERIZRJE © Alanya-Rosenbaum et al. (2021) FIAFFTHEEH o

Source: Alanya-Rosenbaum et al. (2021) and this study.
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Table 5. Distance between import and export areas and carbon emissions.

Distance from Kaohsiung Port,

CO, emissions from transport

Area Taiwan (km) (kg/m’)
Latvia 21,634.65 108.17
Lithuania 21,333.86 106.67
Poland 21,291.35 106.46
Sweden 20,423.12 102.12
Denmark 20,121.11 100.61
Germany 20,053.42 100.27
Netherlands 19,627.83 98.14
Belgium 19,440.96 97.21
U.K. 19,327.44 96.64
Honduras 15,996.3 79.98
Guatemala 15,585.48 77.93
Ukraine 14,811.66 74.06
Italy 14,234.15 71.17
Swatini 12,914.68 64.57
u.S. 12,111.53 60.56
Canada 9,933.42 49.67
Australia 7,466.32 37.33
Marshall Islands 29.19
Thailand 3,191.43 15.96
Singapore 3,047.42 15.24
Malaysia 2,681.86 13.41
Japan 2,349.40 11.75
Vietnam 1,720.60 8.60
South Korea 1,668.18 8.34
Philippines 1,486.63 7.43
China (Shanghai) 1,137.13 5.69
Macao 693.44 3.47

= AR

(—) AEEHZ b e B

AW W e 2 ) VAR R o IR
WRATRS E R AL T T o B0 > DURREARE T8
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HE 2 AR A: i 28 S Pl 2 2 2 BRI R 2
2,052,191.76 kg CO,eq * Ml b 223145 B 11
A I 28 B < 2 S8 P TR 2 3,107,425.92
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Table 6. Life cycle assessment of wooden pallets imported to Taiwan.

Unit: kg CO,eq

Carbon Footprint

Carbon Footprint

Country (Shipping excluded)  nPPing Bmissions g ing included )
Latvia 303,361.19 235598.93 538,960.13
China 301,690.54 231043.93 532,734.46

Netherlands 265,852.48 187316.67 453,169.15
Lithuania 239,300.60 183263.78 422 ,564.38

Taiwanl 347,807.88 0.00 347,807.88

Japan 211,022.35 17797.08 228,819.43
Denmark 119,807.54 86536.53 206,344.07
Germany 67,309.82 48454.08 115,763.90

Ukraine 62,725.00 33350.92 96,075.92

Vietnam 69,241.71 4276.72 73,518.44
Poland 29,418.85 22484.97 51,903.81

South Korea 26,146.25 1565.73 27,711.98
uU.S. 3,347.04 1455.20 4,802.24
Sweden 2,232.29 1636.57 3,868.86
Philippines 2,172.86 115.96 2,288.81
Italy 469.39 239.85 709.24
South Africa 108.33 54.89 163.22
Singapore 106.79 11.68 118.47
Luxembourg 30.64 21.68 52.33
Thailand 30.95 3.55 34.50
Spain 9.29 5.44 14.73

Average 97,723.42 50,249.25 147,972.66

Total 2,052,191.76 105523416 3,107,425.92
BRI © A FEREsE -
fhst' 1B o

Source: This study.
Note': Re-imported.
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Table 7. Life cycle assessment of wooden pallets exported from Taiwan
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Unit: kg CO,eq

Carbon Footprint

Carbon Footprint

Country (Shipping excluded) ~ SripPIng Emissions gy o L included )

U.S. 99,520.57 76,248.07 175,768.64
China 90,139.99 69,061.10 159,201.09
Japan 8,192.94 6,277.05 14,469.99
Guatemala 7,597.88 5,821.15 13,419.03
Singapore 4,214.94 3,229.29 7,444.23
Marshall Islands 3,175.25 2,432.73 5,607.98
Macao 2,655.71 2,034.69 4,690.40
Netherlands 2,631.73 2,016.31 4,648.03
Philippines 2,561.00 1,962.12 4,523.12
Canada 1,634.44 1,252.23 2,886.67
Malaysia 1,630.88 1,249.51 2,880.39
Denmark 1,627.01 1,246.54 2,873.55
South Korea 1,448.11 1,109.47 2,557.58
U.K. 1,277.56 978.81 2,256.37
Australia 1,050.21 804.63 1,854.84

Poland 478.52 366.62 845.15

Other countries] 464.29 0.00 464.29

Vietnam 439.52 336.74 776.27

Germany 421.11 322.63 743.74

Swatini 417.7 320.02 737.73

Thailand 363.23 278.29 641.51

Belgium 206.14 157.94 364.08

Honduras 147.64 113.12 260.76

Sweden 34.82 26.68 61.50

Average 9,680.47 7,401.91 17,082.37
Total 232,331.20 177,645.73 409,976.93

BRI AR

et | HADBRZ A AR TR AN EE ~ 28 ~ DA~ R BIE ~ BE ~ AR ~ S~ 7
it~ IR SR~ FEAE o~ B B~ KA~ Wi SRS EH AR 0 A D E RN
TR LR > R IEE A BIF 52 2 s 2 e A

Source: This study.

Note': Other countries are Papua New Guinea, Brazil, Israel, Qatar, Indonesia, India, Nigeria,
Bangladesh, Palau, France, Finland, South Africa, Chile, Switzerland, Italy, Portugal and

Mexico combined, because of the weight of exports less than 1 ton, so the transport distance was

ignored in this study.
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WFEIERE A 6.761 MJ Surplus 522 o

Table 8. Life cycle impact assessment of each wood pallet.

Raw
I t
.m.pac material Transportation Manufacture Use Repair Total Unit
indicator
stage
Global
warming 1.68 1.14 1.69 0.36 0.005 4.88 kg CO,eq
potential
Acidificati
CITeation =6 015 0.007 0.007  0.002 4.69E-05 0.03 kg SOyeq
potential
Eutrophicati
UIOPICEUON 6 601 417E-04  0.008  0.001  5.96E-06  0.01 kg Neq
potential
Photochemical
OrochiemiIear 4 396 0.188 0.138 0.032  0.001 068  kgNOxeq
smog potential
Ozone
depletion 5.26E-08 1.90E-09 5.87E-08 1.09E-08 6.95E-10 1.25E-07 kg CFC,,eq
potential
Fossil fuel -, 46 2.136 1.634 0.516  0.009  6.761  MJ Surplus

depletion

E R JE © Alanya-Rosenbaum et al. (2021) FAAFFEELE o

Source: Alanya-Rosenbaum et al. (2021) and this study.

9 AR O 2 B, > HLEAE
12,451 kg SO,eq K 4,209.62 kg Neq Y HE i ~
288,547 kgNOxeq BEJi% ~ 0.0532 kg CFC,,eq Hf

TR 785 X, 2,845,943 MJ Surplus B9 16 A7 18K}
FE o HA IR 2 KRB R A BIKRE - /b
Pei BIR 208 ©
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Table 9. Life-cycle impact assessment of wood pallets imported to Taiwan.

Country Acidiﬁca}tion Eutrophic.ation Photochemic.al dg)zlce)zfm Fossil .fuel
potential potential smog potential potential depletion
(Unit) (kg SO,eq) (kg Neq) (kg NOxeq) (kg CFC,eq) (MJ Surplus)
Taiwan 2,110.21 713.45 48,903.29 0.009 482,333.79
Latvia 1,840.54 622.28 42,653.89 0.008 420,695.91
China 1,830.41 618.85 42,418.99 0.008 418,379.07
Netherlands 1,612.97 545.34 37,380.00 0.007 368,679.49
Lithuania 1,451.88 490.87 33,646.69 0.006 331,857.81
Japan 1,280.31 432.87 29,670.65 0.005 292,642.04
Denmark 726.89 245.76 16,845.46 0.003 166,146.96
Vietnam 420.10 142.03 9,735.68 0.002 96,023.18
Germany 408.38 138.07 9,464.05 0.002 93,344.06
Ukraine 380.56 128.67 8,819.41 0.002 86,985.92
Poland 178.49 60.35 4,136.42 0.001 40,797.53
South Korea 158.63 53.63 3,676.28 0.001 36,259.15
U.S. 20.31 6.87 470.61 0.000 4,641.61
Sweden 13.54 4.58 313.87 0.000 3,095.69
Philippines 13.18 4.46 305.51 0.000 3,013.28
Italy 2.85 0.96 66.00 0.000 650.95
South Africa 0.66 0.22 15.23 0.000 150.23
Singapore 0.65 0.22 15.01 0.000 148.09
Thailand 0.19 0.06 4.35 0.000 42.92
Luxembourg 0.19 0.06 4.31 0.000 42.49
Spain 0.06 0.02 1.31 0.000 12.88
Total 12,451.00 4,209.62 288,547.01 0.053 2,845,943.07

BB} EIE - Alanya-Rosenbaum et al. (2021) FIASHFFCELH o

Source: Alanya-Rosenbaum et al. (2021) and this study.
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Table 10. Life cycle impact assessment of wood pallets exported to Taiwan.

Acidification  Eutrophication = Photochemical Ozone depletion  Fossil fuel

Country potential potential smog potential potential depletion
(Unit) (kg SO.eq) (kg Neq) (kg NOxeq) (kg CFCjeq)  (MJ Surplus)
U.S. 603.81 204.14 13,993.02 0.0025 138,013.36
China 546.89 184.90 12,674.07 0.0023 125,004.53
Japan 49.71 16.81 1,151.96 0.0002 11,361.82

Guatemala 46.10 15.59 1,068.29 0.0002 10,536.61
Singapore 25.57 8.65 592.64 0.0001 5,845.20
Marshall Islands 19.26 6.51 446.45 0.0001 4,403.38
Netherlands 15.97 5.40 370.03 0.0001 3,649.63
Philippines 15.54 5.25 360.09 0.0001 3,551.55
Macao 16.11 5.45 373.40 0.0001 3,682.90
Denmark 9.87 3.34 228.76 0.0000 2,256.31
Canada 9.92 3.35 229.81 0.0000 2,266.61
Malaysia 9.89 3.35 229.31 0.0000 2,261.68
South Korea 8.79 2.97 203.61 0.0000 2,008.21
U.K. 7.75 2.62 179.63 0.0000 1,771.70
Australia 6.37 2.15 147.66 0.0000 1,456.42

Eswatini 2.53 0.86 58.73 0.0000 579.26

Poland 2.90 0.98 67.28 0.0000 663.61

Vietnam 2.67 0.90 61.80 0.0000 609.52

Germany 2.55 0.86 59.21 0.0000 583.98
Other countries 2.82 0.95 65.28 0.0000 643.86
Thailand 2.20 0.75 51.07 0.0000 503.72
Belgium 1.25 0.42 28.98 0.0000 285.88
Honduras 0.90 0.30 20.76 0.0000 204.75

Sweden 0.21 0.07 4.90 0.0000 48.29

Total 1,409.59 476.58 32,666.77 0.01 322,192.78

BRI - Alanya-Rosenbaum et al. (2021) FIAHFFLELHH o
Source: Alanya-Rosenbaum et al. (2021) and this study.
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IRIER 9 KR 10 B TRR 2 B
E BB - fERRMLTESS A 11,041 kg SO,eq
[ 7= B LTESS 1A 3,733 kg Neq [ 7% ~
JEAEERTE S 255,880 kg NOxeq HUI 72 ~ REAJE
B B 7B A | A 0.043 kg CFCeq %25 5 1L
IRRHEAE |7 2,523,750 MJ Surplus [
A L2 T 0 PR AR RS - B & 2 A
FOCALBTF R R K B A AR > FERE
TR EL R R 5 | B e 2 T A AR B A S
2 0 M EERIL R R E G 2 A
AHEE o
(=) AR Z iR e ik 5 1R RE
KRB TR RER IR - R AT 7
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FREE A (Gasol et al. 2008; Rives et al. 2013;
Martinez-Alonso & Berdasco 2015) » A Hff 5% K
B S AR 17 B LA R MR o B R 0
A TR o B R BB £ &
TEJR PRI B - AR ER 2 MR B A B 2 iy
7 SIRARBIRCZ YRR 37.26 kg COLeq 2
RAKB NN TR - R HBE AR AR S
A AR > O VIFERAE
REERIEURE - HERE 2 KRR AEY EE
TERE AR AT 7 - EREHERE A D '
BRI > B A g B A HLAth ARE AT PR A A B
TR LB RETRGOARE - &AL 29.1 kg CO,eq
PHEHIAR (55 11) o

Table 11. LCA carbon storage per wood pallet (0.035 m’).

Unit: kg CO,eq/1 wood pallet

Raw Raw material
material transportation

Manufacturing ~ Repair

Abandoned1 Total

Biomass 37.26 0.53 37.79
Carbon storage
Biomass )
. - 6.88 0.53 29.1 36.51
Carbon emission
Net carbon storage 37.26 : -6.35 -0.53 -29.1 1.28

ERARJR © Alanya-Rosenbaum et al. (2021) FIARFE
» HA37. 3% S B A 0 HARIV17.3% S A WVRME R > 40.4%H

st TEAESAR B 7

HEHL o

02 PR N 2T P 1 2 T B Vs EN Y AR 13 9% HURSARRS 26 2 (51 B8 B JR W) R B » ek

#9590 YRS AR A U o

Source: Alanya-Rosenbaum et al. (2021) and this study.

Note ': Of the discarded portion of the wooden pallets, 37.3% of them will continue to be used, the

remaining 17.3% will be used as fuel, 40.4% will be ground and re-applied as mulch or animal

wood chips, and 13% of the pallets will be moved to solid waste treatment facilities, where

approximately 5% of pallets end up in landfills.
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171 BB AR A PR ACASE AR ] ) S A e A AR T
AR TR e HA BRI 5 > FTDLR A H
TR R 0 ARIRAR 12 2B B HUREE R AT
Jk/D 5.39 kg COeq HYPRIK > A1 EL At T A R 5%

SE AR B BT

fE 5 © 4.04E-03 kg SO,eq > 1.86E-04 kg Neq »
0.073 kg NOxeq ~ 1.11E-08 kg CFC,eq il 12.5
MJ Surplus [FEAIREHEEE

12, MR AR PR B E SR AR AR (0.035 m’) o

Table 12. Environmental impact reduced by reuse of each wood pallet (0.035 m’).

W(Zi‘(l)ll:i?‘llg Acidiﬁca.ltion Eutrophic.ation Photochemi(‘jal Ozone depletion Fossil .fuel

potential potential potential smog potential potential depletion

(kg COeq) (kgSOeq)  (kgNeq) (kgNOxeq) kg (CFC,eq)  (MJ Surplus)
Reuse 5.39 4.04E-03 1.86E-04 0.073 1.11E-08 12.5

ERARJE © Alanya-Rosenbaum et al. (2021) FIABFFLEEHE o

Source: Alanya-Rosenbaum et al. (2021) and this study.

% A R AR RHOR S E R A A5 SR (R
13) R > HAE T 48Rk R %51,409,524.16
kg CO,eq ; BRIEEEEATER 7348 A 7,806.78 kg
) — EAERTRHER > 2,639.43 kel & HEHK
180,918.98 kgl EALEHEI > 0.03 kghIF A
WALYIBENRY » 1,784,406.30 MJ Surplusfi{L 5
WRRHERE o H 7135057 4EHF K R 2584,669.83kg
CO,eq ; FRIGETERAYHL /775 1 883.81 kghy — %
{EREHERL > 298.82 kIR HEAK » 20,482.06kg
IS EDHER 0 0.01 kgl AL IHER -
202,014.87MJ Surplusf{EFIARHEFE o #F 2
BB BT AS o S Y RS AR
HIE 1,324,854 kg COeqfififc R 72 » 1E
frp A b o 3 AK1,055,234 kg COLeq HE
B0 ORI BRI AR 2 S 8 AR A T > lf
7 RO R 2 i SE VR o

£ 13 BE A RR 11 BT ERIR
RS PR I R AT RSB HIRER . @A
37.3% AR AR [m] W R WA YR BRA'E 2 £l
A ARESIRTE B R R & A 1.28 kg CO, [
Tk HT 7 B > W2 T BIORASAR AL i 2 B 2 S i
SERE S 5 o [ I EE W A A B B A R AR A
B B 7 JBE B B B il BT A7 R D 2 HR G
EEEZ RN > EOLERATRD 1,159,070 kg
CO,eq ~ Hi M #EERIATJE/D 86,659 kg CO,eq HY
HrR
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Table 13. Environmental impact of import and export of wooden pallets considering carbon substitution

and reuse.
Global e L . O .
© 'a Acidification Eutrophication Photochemical ZO?C Fossil fuel
warming . . . depletion .
. potential potential smog potential . depletion
potential potential
(kg CO,eq) (kg SO,eq) (kg Neq) (kg NOxeq) kg (CFCyeq)  (MIJ Surplus)
Original
import 3,107,425.92  12,451.00 4,209.62 288,547.01 0.05 2,845,943.07
emissions
Import
emissions
considering 1,409,524.16  7,806.78 2,639.43 180,918.98 0.03 1,784,406.30
carbon
substitution
R t
AWEXPOIL 93233120 1,409.59  476.58 32,666.77 0.01 322,192.78
emissions
Consider
export
emissions 84,669.83 883.81 298.82 20,482.06 0.01 202,014.87

from carbon
replacement

ERIZRJE © Alanya-Rosenbaum et al. (2021) FIAFFEET o
Source: Alanya-Rosenbaum et al. (2021) and this study.

EREAHUTIIR R B R EEE R R B R

7 - b

AR FEEE B TR B AR 2 A i B
R R AERCE & 2y 4.875 kg CO,eq » AHIRTA
0Bk 0 E R Ng et al. (2014) FFEH sk
ARASI A 4 3.176-4.009 kg CO,eq > HIFH
Z IE SRR 2 7R AR )58 FH 55 dn i T SR AR 9 9
$H o BB I AR A (68 FH =5 i AT AR D B
B[R Pl s i 2 FETRCR: » T AR 98 2 ARASARGITE
A RZ A A T o T I 2% SRR AR
ik SR B e TR I SRR 2 B3t o

ZEFNBEBIR - Kb B E i 5 H
IMFAME > AM 2 O RIHAR R R 2 RS
MR 2 i SE IR R K > RUVEEIR BRI E
PR HAN B SR » BESRATAT Bl ECHH AT 28R 2%

(Fan et al. 2022) » {H-R 7R F5E A S 2 i i 2
A Rl S BT 2 v 7 R PR ) R A B R B 0 A
e IR 2 T ARSI 2 ik K2 0 R 28458 B0 P9 i 2 E Y
ARH#t o

55 4h Kodi (2019) bk 2 A A8 i Bl 9 B A%
B ER B8 2 > B RHEI ~ AL AR
FE~ BREIT A AIREM AR R M E 0 LUFE
1 m’ R ELARASAR AT L > TE SR
BB B I RESIREIRE B 2.16
kg CO,eq > b %8 BB RS A Y 3R 5% 52 2 (3.36 kg
COseq) /Iy o RN Z [FI 77 XA BAIH ~ R
YEE B HE I 0 73 Bl R— 0.84 kg CO,eq ~ 0.16 kg
CO,eq B 2.99 kg COeq Z HEH » T 28 BB AS AR
2 A HE T & 2 0.416-0.687 kg CO,eq 2 Rl »
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FOCPE AR B LA 1 88 458 T ) ) B AR g i B A
AR/ DIHEE © Weththasinghe et al. (2022)
WS R A AR AR A T R4 - 45 IR
R SERL 100 KA R o B AR AR A Bk 2 B
(216 kg CO,eq /0.0408 m’) FEARAEM & 1.5 1%
(144 kg CO,eq /0.0408 m’) o LA I i & ek &5 5
B ARASAR Z Btk i N SR B RS AR <~ HRTX
5o RIHE DARIRHE 2 B AR BB RS A i
e o

Garcia-Durafiona et al. (2016) DAPEHESF i
RAEJEREAIEHHEAR o AR (L RS ) A A 7
HIRHE > DL 22.35 kg BIAREEMRE 2 BLAL - HAE
i 28 1 I 28 B BB 4% 2.12 kg COseq > H
AT Z R £ 0.095 COeq 5 KEAWFFE
f9.0.035 m® BLAIAASHR IR A B > % 31.35
kg AT Z BHEE % 0.156 CO,eq » B4
VHHEIF AR < BRI > T R 2 P BE F AR £
AR A S T 3] 918 A iR AR A b 288 i (2 i AR
AT o ECCE R B B B A AR T RE 2 D
HARBTR R I B o SRR MBI BRHRCE
Pk - ARIE R 14 BORE MR i B 2 CO,

SE AR B BT

HrH & R B e Al R AR ARE MRS
TR B B A7 B BB 2 2 RS A L gt
TEHEBCE BHEA B m PR R 2 R E MR 2
KL F R (826.86 kg/m’) BLARAERR (1,413.86 kg/
m’) > K77 WR AR AR~ SFEF BER) -
IR RABAEIR - ARSI 1% LU ~ BRI
B 5 T AR AR 72t S v B D R, 2 A
MBI RRR ER TR B R AR T 0 &
= I BHE IR o MR AR TR AR > AR RE
ERIEREARM ) E ~ MHBE R BEFTHIER L ~ EIRESE
TR R IR IR PR B AR R AR ~ A
Mr BLEL & HR (165.79 kg/m’) o TERR BT 17 & L
B BER 14 701G 0 RS A A R &R BT
R =R NZERI L - SR EA R
B2 AT R (1,375 kg/m®) » H R A A R
(1,191.67 kg/m’) » B & A & MK (1,008.33 kg/
m’) [T A BT 22 BB 7 i 2 75 R Ml R AR A

mAEEERENHITZEE > HEa8Y]
B @ AR F AR AT A BRI B AR T 7
B > % 36.57 kg/m’ o
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Table 14. Comparison of carbon emissions and storage of various wood materials.

Carbon storage in

Types of wood Density Life Cycle CO, .
materials Category (kg/m?) Emissions (kg/m’) wood materials
(kg/m’)
L Softwood 400 93.86 733.33
)
& Hardwood 800 93.86 1,466.67
Softwood 450 159.95 825
artificial drying
Lumber
H
Hardwood 800 352.23 1,466.67
artificial drying
Plywood » LVL 550 165.79 1,008.33
Softwood 450 261.38 825
Heat treated artificial drying
material
Hardwood 800 453.83 1,466.67
artificial drying
Particle board 650 826.86 1,191.67
Fiberboard 750 1,413.86 1,375
Wooden pallet 895.71 139.29 36.57

BRARIR © EARK &FRARIE (2021) FIANTFLEEEE o

Source: Wang & Lo (2016) and this study.

Carrano et al. (2014) FEPFIARS ML = dn
RS HhuiEER  hERFRT
AR E A I HECER 4 3.16 kg CO,eq » IHEAS SR
BRI TR o AR HE 58 AT 2 28 [A] Wi o
ITHEE S ER > PR RN AR E B BB
AR TBON A & 7 2 S 228 S RS AR A iR T -
RS A 8] W B R FH A A 800800 B R i
(Carrano et al. 2014; Park et al. 2018) o

Tornese et al. (2016) 7L AR 4 1Y
B e B TEIHIE FH 75 A P92 AR BORREIRTI o HOBTF
Fehi RN o A AT B4 A BT &
# N CO, B 28 7 2.58 kg CO,eq * 1M
e R IEFHMEAE T 2 CO, R EES R

4.28 kg CO,eq » AWFFEat B 2 AREEMAE a8 S
R . EALhE B AT R 4.875 kg CO.eq
KA Tornese et al. (2016) Z &5 > HEHIEN 4
ARBIFFEZ AR A 5 =5 A At o sk
BERUHL S o Tornese et al. (2016) ZBFFEtidgH
AR AR Bk B R R B s AR 0 R A
SR S 7 B i il BRBEICA 97-99% 2K H
P8 FI A AL > R1 G B 3 A A £ FH BR 85 1) 38
b EERTRE > HmdERE N 66-89%
HOK B ARAR S B S B B
2o

B Ak A AR A A 7 A PR I s B — (i =
BRRREE  DURARIE R R U A E
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