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ABSTRACT: The work aims to study the environmental impacts of wooden packaging boxes during the whole life cycle,
and compare the impacts of steel-edge boxes and traditional wooden packaging boxes on the environment. The eBalance
was used to analyze the material consumption, energy consumption and emission to the environment of the two wooden
packaging boxes during the whole life cycle from product manufacturing, logistics transportation to waste disposal after
use. The data list was classified, characterized and normalized to obtain the environmental impact types and correspond-

ing index values of wooden packaging boxes in the three main processes. The LCIA weighted comprehensive indexes of
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traditional wooden packaging boxes in product manufacturing, logistics transportation and waste disposal processes were
respectively 6.87514x107°, 1.93549x10™"? and 5.2010™", in which plywood production accounted for 99.86% in the
product manufacturing process, and plywood treatment accounted for 99.82% in the waste disposal process. The LCIA
weighted comprehensive indexes of steel-edge boxes in product manufacturing, logistics transportation and waste disposal
processes were respectively 6.53463x1077, 3.57256x10"* and 2.9653110° "%, in which plywood production accounted for
97.43% in the product manufacturing process, and plywood treatment accounted for 99.38% in the waste disposal
process. The impact of steel-edge boxes on the environment was about 5% smaller than that of traditional wooden
packaging boxes. The environmental impact of wooden packaging boxes during the whole life cycle is mainly reflected
in the production and waste disposal process of plywood. Wooden packaging boxes have great space for improvement in
design, production, transportation, waste disposal and other aspects. Steel-edge boxes are more environmentally friendly
than traditional wooden packaging boxes, which has reference significance for green production design of wooden
packaging boxes.
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Fig.1 Brief process of traditional wooden packaging
boxes during life cycle
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Tab.1 List of traditional wooden packaging boxes
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Tab.2 LCIA characteristic index of traditional wooden packaging boxes

fAj PR T R Hp; P AR Vit iz i A P
ADP A IR RE T kg-antimony-eq 0.006 34057 4.76x10°° 3.82x1077
AP PR AL VR kg-SO,-eq 1.302 080124  0.001 088 489  0.000 530 797
CADP(fossil fuel) o E A R T FE TS (A kg-Coal-R-eq. 4444564 323 8.030 885246  0.339 214 643
CADP r ] B IR T RV E kg-Coal-R-eq 7033.118 942 8.855 746 478 0.431 411 95
PED —IKREIRIHFE MJ 92925.289 38 13.548 883 41 1.130 148 31
CO, Ak kg 177.400 198 0.101 684 828  0.479 229 831
COoD 2T kg 9.84x107° 0.002 472 442 3.59x107°
EP &AL E kg-POy3-eq 0.031 393358  0.000 163 604  0.002 040 588
GWP PR VERE kg-CO,-eq 1774039683 0.212060 391  1.423 503 373
WU Tolb K kg 0.101 909 796  0.833 589 369 0
NH3-N HA kg 1.81x1077 5.94x107° 0
NO, AE) kg 0.000 100 671 0.000 455 004  0.000 533 755
RI AT A TCHLY) kg-PM2.5-eq 0.425198 68 0.000 170 833 8.39x107°
SO, A AemR kg 1.302 000 122 0.000 752 892 0.000 150 27
Waste Solids EEENGE Y] kg 0.012 738 573 0.007 663 295  0.114 130 799
Water Use RAKIHFER kg 0.418 046 164  1.740 132891  0.389 418 798
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Fig.2 LCIA normalization index of traditional wooden packaging boxes
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Fig.3 Environmental impact of traditional wooden packaging boxes in production process
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Fig.4 Layout of traditional wooden packaging boxes
in freight cars
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Fig.5 Environmental impact of traditional wooden packag-
ing boxes in waste treatment process
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Fig.6 Brief process of steel-edge boxes during life cycle
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Tab.4 LCIA characteristic index of steel-edge boxes

faT PR H AR HApr L Yrim iz Iy B
ADP A2 4 B UR S ARV kg-antimony-eq  0.006 033 27 8.79x1077 2.19x1077
AP PR A VR kg-SO,-eq 1.237 983428  0.000200916  0.000 303 635
CADP(fossil fuel) b A RE IR T FE T (E kg-Coal-R-eq 4224.544 875 1.482 357 567 0.194 602 29
CADP r ] B IR T RV kg-Coal-R-eq 6696.100 208  1.634 612175  0.247 378 834
PED — IR RETRIHFE MJ 88320.59722  2.500 881 188 0.647 353 99
Co, T Ak kg 168.744 1595  0.018 769 198 0.273 156 521
COD 25T A kg 0.000 116 264 0.000 456 369 2.04x107°
EP wERLEE kg-PO43-eq 0.029 823 167 3.02x107° 0.001 171 632
GWP S IR R T kg-CO,-eq 168.759 167 0.039 142 55 0.810 961 598
IWU Tolb 7K kg 0.461 035624  0.153 865 666 0
NH3-N HA kg 2.35x10°° 1.10x107° 0
Noy AAY kg 0.000 297 238 8.40x107° 0.000 305 374
RI AT A TCHLY kg-PM2.5-eq 0.404 203 618 3.15x10°7° 4.80x107°
SO, AR kg 1.237729 547  0.000 138 97 8.59x107°
Waste Solids EEENERLY) kg 0.303 249 746 0.001 414507  0.065 278 069
Water Use RAKIHFERE kg 1.894 801879  0.321 197362  0.222 039 932
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Fig.7 LCIA normalization index of steel-edge boxes
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Fig.8 Environmental impact of steel-edge boxes in production process

4 XfEb oA

ARBLRERE Ay I b A L Wniis e . R
TP A 3 IR LCIA INALZE G 48 bn L 22
EULER 5, WA LA GEARRE KRB I BN 5%
Zifio

K9 SIRTEST 4 b i O X
Fig.9 Layout of steel-edge boxes in freight cars
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Fig.10 Environmental impact of steel-edge boxes in waste
treatment process
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Tab.5 LCIA weighted comprehensive index of wooden packaging boxes in each process

L EZ e s 2 7 TEGEARR (x107"7) WinFE(<1077) ZAt(x1077) FFR/%
IR 68 800 65 300 3410 4.95
Yy iz i 19.4 3.57 15.8 81.54
R B 5.20 2.97 2.23 42.92

B 68 800 65 400 3420 4.98
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