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Abstract: Combined with the lignin-based binder the manufacture of wooden composites had an important impact on ecological environment. In order to
investigate the feasibility of environment-friendly wooden composites life cycle assessment ( LCA) of hybrid modified industrial lignin/wood fiber composites
( HMIL/WF) was carried out by GaBi 6.0 software. The main environmental impact categories including Abiotic Depletion ( ADP)  Acidification Potential
(AP) Eutrophication Potential ( EP) Global Warming Potential ( GWP)  Ozone Layer Depletion Potential ( ODP)  and Photochemical Ozone Creation Potential
(POCP) were analyzed. Results show that in the three subsystems of LCA the fibers preparation subsystem was the main contributor to most impact categories

followed by board forming subsystem and board finishing subsystem. GWP as the greatest influence factor contributed 73.09% to the environmental impact

followed in order by AP POCP EP ADP and ODP. Thermal energy production had the greatest impact on the environmental load with the total contribution
rate up to 44.77% followed by electricity production H 0, production ammonium lignosulphonate ( AL) production and transport. The highest GWP AP

POCP EP and ADP values were generated during thermal energy stage while the transport stage had the highest value towards ODP. The total environmental
impact of HMIL/WF composites (4.22 x10~°) was 10.4% less than that of conventional medium density fiberboard ( MDF) (4.71 x10~7).

Keywords: ammonium lignosulphonate ( AL) ; environmental wooden composites; medium density fiberboard ( MDF) ; life cycle assessment ( LCA) ;

environmental impact
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1 ( Introduction) ’
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N . ( GWP) . (oDP)
( POCP) 6
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( 2003) .
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N . LCA .
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( Yoshioka et al. 2005) . (
Al )

( Gonzdlez Garcia et al. 2009; Puettmann and Wilson
2007; Rivela et al. 2006; Rivela et al. 2007) .
( Luz et al. 2010; Song et al. 2009)
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.2001
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‘ Wood fibers production > HMIL/WF
Woodfiber
‘ AL production
Y
——b‘ Emissions to air ‘
‘ H,0, production Hot-perssing

. > ‘ Emissions to water ‘
Electricity and energy

A4

‘ Cutting,cooling and sanding ‘

ool

‘ Auxiliary products : ) —»‘ Emissions to solid ‘
1 HMIL/WF
Fig. 1 System boundaries for HMAL/WF production
HMIL/WF 3 50% .
N 25% +1%
5 (H,0, .
AL . . . ). (12.5% ) (0.5% ~
1.5% )
MDF
100 km
2.2 > N
MDF 150000 m’sa~'
A HMIL/WF
2013 3
HMIL/WF ( Gonzalez Garcefa et al. 2011) N
HMIL/ WF N N GaBi 6. 0
Ecoinvent
! 2.3
HMIL/WF N
1 HMIL/WF ( . .
Table 1 Inventory of HMIL/WF composites )~
(Silva et al. 2013) . HMIL/WF
(50% / ) 177 t BOD; 514 g )
AL 267.83 kg ss 662 g ’
H,0, 178.57 kg CODg 955 g
2.35 ! €O, 379 ke
5.25 ke NO,  0.74 ke 2.4
347 KWeh co 0.63 ke GaBi CML.EI.EDIP
880  kWeh SO, 0.52 g UBP
3.15 kg 138.5 kg 60%

CML2001 ( Guinee



4248

36

2002) HMIL/WF

2  CML2001 .

. ( AP) . ( EP)
( ODP)
( POCP) 2.

Table 2 Classification characterization and weighting factor in the CML 3 HMIL/WF

2001 method

( ADP) .

N

(GWP) .

( Environmental

impact assessment of HMIL/WF materials)

( ADP) ke Sb,, 1.5 3.1
(AP) kg 50, 2.0
(EP) kg PO; ™, 7.0 HMIL/WF
(GWP) kg CO,,, 10.0
( ODP) kg RI1,, 3.0 GaBi 6.0
(POCP) kg C,H,,, 3.0 HMIL/WF 3
3  HMIL/WF
Table 3 Characterization results of LCA for HMIL/WF composites
AL H,0,
ADP kg Sb,, 5.83x107* 1.41x107° 4.08x107¢ 6.40 x107° 3.97x1077
AP kg SO, 3.45 4.57 9.01 x10 " 3.40 x107! 6.62 x10 2
EP kg PO, 4.00x10"" 4.65x10"! 1.23x107" 4.23 x10 2 1.52x10 2
GWP kg CO, 499.1 603.2 15.4 272.4 10.5
oDp kg R11, 3.12x10°1° 9.03 x10°" 9.85x107" 1.21 x10°" 6.94 x107°
POCP kg CoH, ., 2.74 x10"! 3.40x10"! 8.18 x107? 3.77x107? 1.46 x107?
3.2
1 HMIL/WF
N ( 4) .
GaBi 2013
4 HMIL/WF
Table 4  Normalization of LCA for HMIL/WF composites
ADP AP EP GWP oDp POCP
H,0, 4.31x10°1 8.58 x 1012 1.77 x10 712 6.06 x10 ! 3.06 x10 % 6.65x10°12
AL 1.25x10°13 2.30x10°" 5.14 x10°"2 4.79 x10 " 2.7x10°18 1.44 x10°"
1.96 x10 12 1.17 x10 710 1.94 x10° 1 1.34 x10°1° 2.47x10°18 5.99 x10 "
1.79 x 10 -2 8.80 x 10" 1.67 x10 " 1.11 x10°% 8.52x10°18 4.83 x10°"
1.21 x10 ™ 1.69 x10 12 6.45x10°1 2.43x10°12 1.90 x 10716 2.59x10°1
4.32x10°" 2.18 x1071° 4.37x107" 3.09 x1071° 2.04x10716 1.30 x10 71
3.3 3.4 HMIL/WF
HMIL/WF 100%
CML2001 ( 2) HMIL/WF 3
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5 HMIL/WF
Table 5 Weighted results of LCA for HMIL/WF composites
ADP AP EP GWP 0oDP POCP Total
H,0, 6.47 x10 713 1.72x1071 1.24 x10°1 6.06 x 1010 9.18 x10~% 1.99 x10 1 6.56 x 1010
AL 1.88x10°1 4.60 x10 12 3.60 x 10~ 4.79 x10 12 8.10 x10 18 4.32 %1071 8.88 x10 !
2.94 x10 1 2.34 x10°1° 1.36 x10°1° 1.34x107° 7.41 x10°18 1.80 x10°1° 1.89x107°
2.69 x10 12 1.76 x 1010 1.17 x10°1° 1.11 x107° 2.56 x10°"7 1.45 x10°1° 1.55 x10~°
1.82 %1071 3.38 x10 12 4.52 x10°12 2.43 x10°1 5.70 x 1016 7.77 x10 13 3.30 x10 !
6.48 x 1012 4.35x1071° 3.06 x10 710 3.09 x107° 6.11 x1071° 3.89 x10°1°
120% ) - S 353107
ZZZpreparation  BXX3 forming [l finishing B Transport
30010 i Electricity 73.09%
1000 20xAUT = ] Thermal energy
" RS o M I B AL production
RREEES ot 257107 1 I H,0, production
80% [ L
W =20x10° [
i 60% B ] 5107 |
= ) I
= = i
40% 1.0x107
5010710 | 10.31% 724% 921%
r Lo PA A ||| o A
ADP AP EP GWP ODP POCP
0 S,
ADP AP EP GWP  ODP _ POCP By A
S
3 HMIL/WF
2  HMIL/WF Fig.3  Weighted environmental impact categories during HMIL/WF
Fig.2  Relative contributions from three subsystems in HMIL/WF production
composites to the environmental impact categories
POCP 10. 31%
HMIL/WF 9.21%; EP\ADP  ODP
7.39% . GWP N
HZ 02
MDF ( Rivela et al. CO0,. H,0,
2007) . ADP N ( Tong e[
95.3%.3.6% 1.1%; AP al. 2013) AP  POCP
N 86.3%+10. 4% H,0, S0, .
3.3%; EP N NO,.C, H,+ (
86.6%.9.1% 4.3%; GWP N 2013) .
78.7% 17.9% 3.4%; Co,
oDP \ 92. NMIL/WF 5 (H,0, VAL
3% \4.5% 3.2%; POCP N . . . )
90.7%5.2% 4.1%. 4 4a HMIL/
3 HMIL/WF WF
HMIL/WF R “H, 0, VAL
(GWP) . (AP) . HMIL/WF 44.84%  36.
( POCP) . (EP) . ( ADP) 73% GWP; H,0,
(ODP) . GWP  HMIL/WF 15.55%:

73.09% ; AP

3%
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20¢107 _ 4, 100% - b.
- 44.84% 93.26%
18<10° | Z2POCP 00% | B ADP XN AP XX EP
L cmmopp C_1GWP B0 ODP [ZA POCP
S 36.73% 80% 1
Lax10® [ %ﬁgp 70%
I 44 44%
§ 124107 - - o0 r 53%80 BA% 0 150
géa 1010 E zz:f [ 45.33;\ 6;2:;/.:45%’3/2;52?%
L ok : AL /37.29%
8.0x10-0 [ 15.55% $ 3
I 30% | S 3
somom 20% | : :
4.0x107 [ 0% :
2.0x10 [ £ 2l0% B . ) ﬂ.so/(% : 2 M ; L
” pﬁxod“&o“» oné“c“o‘;mﬂ“a\ et et Fransp?™ 64_019‘0(&%60“ e rod\\‘:"“’;‘“ - e eand et
4 HMIL/WF (a. :b. )
Fig.4  Environmental impact categories in HMIL/WF production ( a. total value of each process; b. contribution of each process)
4b GWP. AP, HMIL/WF
POCP.EP  ADP HMIL/WF 6. 6
43. 44% . 53. 78% - 46. GWP AP
25% 44.44%  45.39%. LCA
H,0, HMIL/WF
CO,.S0,.NO_. GWP AP N
oDP H,O0,
GWP.AP.ADP.EP  POCP
( Gonzdalez Garcia et oDP
al. 2009) .
3.5 HMIL/WF
LCA HMIL/WF
6 . N
Table 6 Sensitivity analysis of environmental impacts on raw materials energy and electricity
ADP AP EP GWP ODbP POCP
H,0, 0.001379 0.027456 0. 005664 0.193920 0. 000000 0.021280
AL 0. 000400 0.007360 0.016448 0.001533 0. 000000 0. 046080
0.006272 0. 374400 0.062080 0.428800 0. 000000 0.191680
0.005728 0.281600 0. 053440 0.355200 0. 000000 0. 154560
0.000039 0. 005408 0. 002064 0.007776 0. 000001 0. 000829
4 HMIL/WF MDF LCA (LCA HMIL/WF MDF
comparison between HMIL/WF composites and 7 . HMIL/WF
MDF) MDF oDP 5
MDF

HMIL/WF GaBi
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(4.71 x107°%) HMIL/WF
4.22x10°°

HMIL/WF

10. 4% .

MDF

7 MDF
Table 7

HMIL/WF
LCA of MDF production and HMIL/WF composites

HMIL/WF

Sample ADP AP EP

GWP OoDbP POCP

MDF 9.85x10° 5.62x1071° 3.84 %1071
HMIL/WF 6.48 x10 7 4.35 %1071 3.06 x10 10

4.71 x107°
4.22x107°

3.16 x107° 2.76 x10 71 5.94 %1010
3.09x10~° 6.11 x1071 3.88 x10°1°

5 ( Conclusions)

1) 1 m’ HMIL/WF 6
GWP.AP.POCP.EP.ADP  ODP
3.09 x107°.4.35 x107'°.3.88 x 10 ""°.3.06 x
107°.6.48 x10™"*  6.11 x107'°, GWP
HMIL/WF .3

2) 1 m® HMIL/WF .
\H,0, VAL
1.89 x107°.1.55 x1077.6. 56 x 10 7'°. 8. 88 x
107''.3.30 x 107", HMIL/
WF
GWP. AP,
POCP.EP  ADP HMIL/WF
ODP
3) MDF
10. 4%

HMIL/WF

20
120
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