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ABSTRACT

This study aimed to quantitatively analyze the environmental impacts throughout the entire life cycle of plasterboard
liner produced in the paper industry, with a particular focus on the climate change category. The objective was to identify
potential improvement measures to mitigate these impacts. To achieve this, a Life Cycle Assessment (LCA) was conducted
using the openLCA software, analyzing the environmental burdens from Cradle-to-Gate. The climate change category ac-
counted for 6.24E-01 kg CO,-Eq per kilogram of plasterboard liner, with electricity consumption contributing 54.28% of
the total 6 major greenhouse gases emissions. Organic compound production (23.9%) and recycled corrugated cardboard
(7.59%) were the next most significant contributors. Among the six greenhouse gases defined by the IPCC, CO, accounted
for the largest proportion of total emissions at 89.5%, followed by CH4 at 9.1% and N,O at 0.9%. Environmental costs
were calculated as 6.01E-02 USD based on the EU ETS and 7.01E-03 USD based on the Korea ETS. Normalization re-
sults showed that the impact of toxic substances on freshwater ecosystems (Ecotoxicity: freshwater) had the highest con-
tribution of 36.15% per kilogram of plasterboard liner produced. The stage-wise impact assessment revealed that the man-
ufacturing stage (A3) contributed 59.97%, followed by the pre-manufacturing stage (A1-A2) at 46.06%.
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ok g #AIE ekl Qi 9], 247 HiEE IRt
A2tslks AEA 3, 719HsE 5 A AAQl F8A
FFS 4o7|H, o= A A7t AHet =8 HA= A
Fct

SA7|FHSFHYJA(UN Framework Convention on Cli-
mate Change, UNFCCC)= 2018 HI1AE 53| A4S} o]
A div] At Bt 2571 1.5C ARSS 49 xEE Akt
24, AAY dE sk, A AlATE gasH(carbon
neutrality) IS U5t weiS oo Arkn R
20169 mEZ|EFH(COP2)S 7R AR =E2
2050E7HA] 2A7EA & HiERRS (0 0= E0)7] SIet 74
Q1 F3xo} S FHAH ] = A7 EF HAFH A
U Q5 Wi, ARARIS TRt 8 ARl 24
7t A5 f1RE HAIE AdStelal itk AlRAN S AR
P A FAONA AF A4 2 R ThsS fldl SR,
H7|E oUAIE FH Lok 83ttt ol ovR] Al
LATIA HiEC] 0 YUlo g g3k Qlek 2015~2019E
ARJAG Y] 24A7EA v AHR|(tCO-Eq/HNE ) E s
H 5E7F Hfo] 2.0422, A|RARIS] HHA]Q1 0.655K T oF
3117640 & $EoE Ut 34E A7 HiE
T Ax F740] 64.2%= 7P w2 HISS Ao, 24
378(16.2%), A H W2 FAH(11.7%), ¥ 2 34
(7.6%) &0= UERT2). o= A 3740 28 ik
sl == s AR} H7IE AqHA7L = AREE7] wHzo]
TH3,4].

oj2fgt A|XAdoA AitEl= dEAR] ARAAES A1
BT glo]u(plasterboard liner)o|t}. o] AS WAAIZA
Aot 79| mighol| ARSEE AIHES] F9 T4 /4%
HIE SHoE F 49 HEg Fol5 A A, A1
A} Asto] AlFe] P T S ARkt ES &
A, B, A8 22 £ B A, 4589
Pt AR BEAE ol AT TTHS). 78 H=
= HEHA], HR9F 22 AR ot AHEE U=l &&
2 AARAL] ABE 0|1 H7ES B 8T
SN A&7FsAS Rtk 539, AlREAlR BikE A
HE goluf= A &2te] ti#EAR] Al 8. A4t 3t
A2 8=, A9, 24, 1z 9 79, BAHHS GA=R oF
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ojxIt}. sfig] @AelA= HEEA7 B3 S3tE0] i BH
2 2EE, A9 dA0A= Aael E218 4] 7idd
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Fig. 1. System boundary of plasterboard liner.
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Fig. 2. Process diagram for manufacturing process of plasterboard liner.
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Table 1. Data categories of plasterboard liner (1 kg)

Category Name

Waste paper, starch, aluminium

Input Raw materials chloride, strength agent, pure water,
steel, polyvinyl acetate, paper
Input Utility SRF, steam (external)
Tnput Water use ‘Indust.rial water (producti(?n),
industrial water (consumption)
Input Energy Electricity, LPG, diesel
. Marine transportation, road
Input Transportation .
transportation
Packagi
Input ac aglng Corrugated cardboard, film
material
Output Product Plasterboard liner
Fly ash, bottom ash, waste oil
Output Waste incinera.ltion, foundry san.d, WOf)d
recycling, sludge recycling, oil
recycling, lubricant recycling
ter-relat .
Output Wa e.r r.e ated Discharged water
emissions
Process Styrene, CO,, CO, N,O, CH,, SOx,
Output .. NMVOC, NOx, Ammonia, HCI,
emissions

F-compounds, H,S, T-N, T-P
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Table 2. List of ecoinvent LC| data used (v3.10)

Flow GeograPhical
location
Waste newspaper GLO
Chemical, organic GLO
Maize starch RoW
Corrugated board box RoW
Packaging film, low density polyethylene GLO
Core board RoW
Waste plastic, mixture RoW
Steam, in chemical industry RoW
Waste paper, unsorted RoW
Waste wood, untreated RoW
Municipal solid waste RoW
Tap water RoW
Electricity, low voltage KR
Diesel RoW
Liquefied petroleum gas RoW
Transport, freight, lorry 16-32 metric ton
por, et ’EURHE;S ’ Row
Transport, freight, sea, container ship GLO
Wood ash mixture, pure RoW
Lignite ash GLO
Fly ash and scrubber sludge RoW
Digester sludge GLO
Waste wood, post-consumer GLO
Used vegetable cooking oil GLO
Sewage sludge, 70% water, WWT, GLO
WW from vegetable oil refinery
Wastewater, average RoW

olslgict B3} Ayl =9 YhiY UXEE Table 30 UERY
ATk

EAoh= gl dHAoA =29 £2 9 8iE g2 o
off £ SH I AR 7= g FFH R Hrlsielth
o2 5} CML v4.8 2016 HPHE9] climate change HFE
I35l tjoksl Sk tHZoﬂ st E45} olxtE #2519

o). o2 B8] £&% S48} 23S Table 40 UERAYIT.

BrHHe BAS IS ol A THAUE AR
Fom W st RSAEs 2SR Bgolti10). £

ATLof| A= CML normalisation factors, World 2000 &3}
QS A1), ]S B3 7+ Bt s Ay

SREE U] At AHE Table 50| UERARICH,
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Table 3. Major flows and source of climate change

Major flow name Source

Generated from fossil fuel combustion in
the manufacturing process and transportation
stages

Carbon dioxide
(fossil)

. Emissions from waste management and
Methane (fossil) g

energy use
Dinitrogen Emissions from the manufacturing process
monoxide and Waste incineration process

Table 4. Characterization results of plasterboard liner
(1 kg)

Impact
Impact category assessment Unit
result
Acidification 2.16E-03 kg SO»-Eq
Climate change 6.24E-01 kg CO,-Eq
Ecotoxicity: freshwater 6.28E-01 kg 1,4-DCB-Eq
Ecotoxicity: marine 1.80E+03 kg 1,4-DCB-Eq
Ecotoxicity: terrestrial 1.78E-02 kg 1,4-DCB-Eq
Meneneatle 5368400 W
Eutrophication 7.56E-03 kg POs-Eq
Human toxicity 3.09E+00 kg 1,4-DCB-Eq
Ozone depletion 1.19E-08 kg CFC-11-Eq
Photochemical oxidant | 65E-04 ke ethylene-Eq

formation

e A e
t}. Climate change(2.993%)= SHAIZ &2
= o= gl

2§ WAGIAE ATHE Foluie] Hapgold st
= climate change W5 ZFS IPCCOJ|A X35 otf] 24714
2 B3l JE56I9tk o] IL A3k climate ch-
ange W0 HIE Hlo|BE 7|RICE S351qloH, 15D}
23S Table 60 YERASIH:

7153 dAlE e 5 LAAYHER(tellus me-
thod) Z-&5titt. 153} AN E&H ot 2AVIAE
7I9t0 2, Zh=9] 2023W Wt 24V HiEdE A 7H
(emission trading scheme, ETS)S Z-&5f0] X E Tlo|y
o] APy sl o HPuES ARSIt olE 5%t

A 5] B Ry 2 EHY
2 7]ejwg o

Table 5. Normalization results for plasterboard liner
(1 k)

Impact category Value Unit
Climate change 1.49E-14 yr/fu.
Vs PRV e
Ozone depletion 5.18E-17 yr/fu.
Human toxicity 8.08E-14 yr/fu.
Ecotoxicity: freshwater 1.80E-13 yr/fu.
Ecotoxicity: terrestrial 1.63E-13 yr/fu.
Photoc?:;rnusgi) r:))(1dan‘[ 3.03E-15 yr/fi,
Acidification 9.05E-15 yr/fu.
Eutrophication 4.79E-14 yr/fu.

HIRE 2ol 1 ke Ao WA 6] L7~ W
Z2K6.24E-01 kg CO,-Eq)Q] 7153} 23} YEE Table 70]
erelt

ETS 7]9 $4u]8 AP4e Sha ehald 729} 714
W5, WS 43 Sof et Zupt gekd 4 ok 2 o
ol AE Teo] SuEwe Be Bavtdon ks

ﬁ

Table 6. Grouping results by six major GHGs of
IPCC's

Inventory result

Group Flow name
(kg)
Carbon dioxide, fossil 5.59E-01
Carbon dioxide, from soil or
’ .81E-
CO, biomass stock 781E-03
Carbon .d10x1de, to soil —9.50E.07
or biomass stock
Methane, fossil 4.95E-02
CH, Methane, non—foss.il 1.30E-03
Methgne, from soil 2 15E-04
or biomass stock
N;O Dinitrogen monoxide 5.66E-03
1,1,1,2-Tetrafluoroethane 1.91E-05
1,1,2-Trichloro-
HFCs 1,2,2-trifluoroethane 9-84E-06
Methane, bromotrifluoro-,
Halon 1301 341E-06
Tetrafluoromethane 9.81E-05
PFCs
Hexafluoroethane 2.94E-05
SFs Sulfur hexafluoride 5.70E-04
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Table 7. Weighting results for plasterboard liner (1 kg)
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Table 8. Major factors of GHGs emissions

Category Carbon price Environmental Source Emissions Contribution
(USD/tCO»-Eq) cost (USD) (kg CO»-Eq) rate (%)
EU ETS 96.29 6.01E-02 Electricity consumption 3.39E-01 54.28
Switzerland ETS 93.8 5.85E-02 Organic chemical production 1.49E-01 23.90
UK ETS 88.12 5.50E-02 Recycling of wasteboard 4.74E-02 7.59
Austria ETS 3534 2.21E-02 Starch production 3.36E-02 5.39
New Zealand ETS 34.19 2.13E-02 Transportation process 3.14E-02 5.04
Germany ETS 32.62 2.04E-02 Steam and thermal energy use  2.91E-03 0.51
Beijing pilot ETS 12.95 8.08E-03 Packaging material use 3.19E-03 0.47
Korea ETS 11.23 7.01E-03

of $UI8-L BIRIGOL, AR 719j] ATH Shapeo]
A scope'd ¥ T, hET A o k71 B o}
o 2 Aok W 4 ik WA BT Aol W
M9NY R LAY ShastAe] AABH WEHE 1
3 Aufele. B4jo] ATt

al
=<

xt
=

3. Mg oM I 41

3.1. LCA aliiM &t

SR oyt A0S JoR iy o
5t} £3], climate change ol Tt 44| £4]
FAoE A S +=F5IE Climate change W=
A7 HIEE QIRE A2 PFOE 6.24E-01 kg
COrEq= AFo=3lon, 38 JF &8 Fig. 30 Ue
9tk M5 2o 1 kg A A ATHHOIA carbon dio-
xide, fossil7} 89.55%% 7} =2 7|9=& YERon, 1
TF2-0 2 methane, fossil(7.93%) X carbon dioxide, from

A
e

-

o

oy Mo
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<
=
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L
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=
O
0.00E+0 T T T T T
Carbon dioxide, fossl ~ Methane, fossil ~ Carbx from Dinitrogen monoxide  Methane, non-fossil
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Fig. 3. Contribution of major impact flow in climate
change (2023).
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soil or biomass stock(1.25%) <=0 LFERTE
Table 82 6tf] 2A471AE 15315t climate change HF
o 28 7]o] 891 L Hejs lof=S Lehpgitt

3.2. LCA Zo| H|w £M

E d3Loj|A APkt HuET glo|yo] A9 Axte]
A== HS5S 98l FAF Z8A] AE AAAE container-
board, linerboard} A% §4lo] Hiek vl B 25kl
ok &2 A7 ARHAAL-A3)7RIE AIARBAIE A4S
Art. ol w}, & Aet Hlw i Aol 5L 240
2A-8317] Sl AAFAAZ7EA ] ecoinvent v3.10 LCT H|o[E{H]
o|AE &85t} AREST H|o|El&= ‘containerboard produc-
tion, linerboard, kraftliner | containerboard, linerboard | Cut-
off, S — RoW’o[tH12]. CML v4.8 2016 7} HPAES g
Slo] Ut A W AUE E=E5t0] Fig. 400 LER
QJct. vl A3} containerboard, linerboard(1 kg)2] climate
change: 6.82E-012 UEPEom, 2 L Ay} tjH] 5.74E-
02 =& Ao g UePR4T] Climate changeZ A|QJ5t $H4 45k
HFO] Wit 1L12E+02E & A A} tjy] 6.93E+01 2

200E+3 - [ his Study
=

Ecoinvent v3.10

1.60E+3 o

1.20E+3 o

8.00E+0 o

4.00E+0 o

0.00E+0

(1 kg) and this study.
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H)XE= Zlog Yepdt

ANRT 2Zlo]H9] climate change ¥5-2] S JFS
Hog nHwsE| 9o =L Hamburger Containerboard
GmbHAR] SpreeGips Plasterboard Liner(1 ton) The Inter-
national EPD System AE &-8&5FHt}{13]. o|of wgf, &
At} vl i AlEe] S 212 85| Al 7S
FIE 1 kgl &2 TG OH, Al-A3 TA9 Climate Ch-
ange W59 SRS Hlw EASIITh Fig. 5= F Al
climate change H3o] thgt vjw ZIE HolEch B4 2
3}, SpreeGips Plasterboard Liner®] climate change %
6.23E-01%, & A A7} jd] 3.20E-02 ¥ AT L+
ek

23 sfie] EPD AR 7ol A7k &S Ale] 3.20E-
02 kg COx»-Eqy, E&ofx= CML v4.8 BFHE2, 59| EPD
AHo| A= EF3.1 EN15804+A2 HIHES 851 glojA] 7]
QIRE lo|= YERTE & ARl A9d diRAd, At
A(product category rules, PCR) SoJAx Xjo|& Holug,
A 2F AFAR] v nEEE AT AT 78 7)o 8
Q1 #Aof & Fol shalsielct FF Atolli= 5Lt

g7} WpH 2, glo|e#o]ADB), PCR 7L 283t A3
U&= Hl Exjo] @l

EQh, A =M 2FEL e S ABAA =OA

7 DEYF Wl oigt I HEE T o= AT
o &8 3%l ojFAH] TRAES 2 et Bl &4
of 2833t olF Fsl LI AL BAR} FEEA HS
£ 2830 HaHE glojue] LCAE 35kl 11 23E

HlE BBk olo] wek, £ ATolN £E3 SAY 2
3 % Ul RS WS Ul £4S Agskon, Fig. 6
[ This Study
[ ISpreeGips Plasterboard Liner (1kg)
6.00E-1
4.00E-1
2.00E-1
0.00E+0

Fig. 5. Comparison of spreeGips plasterboard liner
(1 kg) and this study.
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Fig. 6. Comparison of ecosquare project (EPD) and
this study.
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