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Life Cycle Assessment on Process of Breathable Film Production
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Abstract : In this study, a quantitative environmental impact assessment for the production process of breathable film was
conducted employing Life Cycle Assessment (LCA) methodology. Among the various categories, Global Warming (GW)
accounted for the highest impact (97%) followed by Human Toxicity (HT). And the key substances of various impact categories
included HDPE, PP, and electricity. In the production process, the high impact resulted from mixing process (57%), lamination
process (29%), and extruder process (10%). To improve environmental impact, it is necessary to design a new process system that
reduces the amount of electricity used and that increases production yields, if raw materials such as HDPE and PP owe excluded.
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Table 1. Scope definition

Breathable films used in the manufacture of
disposable sanitary products

Amount of breathable film 1 kg
1 kg of breathable film

Function

Functional unit

Reference flow

Table 2. Data quality

Group Up/Down Transport Production stage
stream stage

Temporal Most recent ) 2015 Annual data
scope data

Regional Local data - Local data
scope

Technologi- ) ) Technologies of the
cal scope target company
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Figure 1. Process flow diagram for breathable film.
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Table 3. Data sources for LCI

Group Material Data category Data Sf)urce — Remark
Survey | Calculation | Estimation
(High—DensI;It]}?}l)’]ilyethylene) Main material v ga;)eeprfa\:::pthe polyethylene, wrepping
CaCO; Main material v -
Input RPP (Random Polypropylene) | Sub-materials v It replaced the non-woven fabrics, label
Recycled paper Sub-materials v It replaced the paper core, pad
Chemicals organic Sub-materials v It replaced the ink, solvent
Electricity - v -
Energy Heating oil - v -
Process oil - v -
Breathable film Product \% -
Waste HDPE Recycling \Y -
Output Waste oil Recycling \Y% -
Hazardous waste Incineration z grrgzﬁﬁ iacczcolrtr}:;o(jrglglsﬁc solvents, nolatile

% A SRR A A AR o) DRk
37} W 23} EAI 3K Characterization) % %] 13K Normaliza-

= o] Phae et al. [5] &3}, EAS A3t
Az Fstden, d¥FHT= &5 (Ozone Layer
depletion, OD), AFA] 3K Acidification, AD), A}l 317Z(Abiotic
resource depletion, ARD), RA]4-23HGlobal warming, GW),
X o oFSKEutrophication, EUT), 33-3}8HAFSHEAY A (Photoche-
mical oxidation creation, POC), 217F=4J(Human toxicity, HT),
A=A (Ecotoxicity, ET) & 87l ®HFE 1185ttt
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718 2E 1 kg A2E 71222 A4td 543 22 Figure 2. Environmental impact of materials in process of breath-
Figure 2 4 Table 49} Zt}. JFHE 2 E4L o2& ¥ able film production.
Table 4. Results of characterization
Impact category OD AD ARD GW EUT POC HT ET
Unit kg CFC11 kg SO, 1/yr kg CO» kg POs” | kgCHs | kg14DCB | kg 1,4 DCB
HDPE 1.64.E-08 | 1.18.E-03 | 2.11.E-02 | 1.09.E+00 | 1.26.E-03 | 1.33.E-03 1.90.E-02 1.77.E+00
CaCOs3 2.70.E-10 | 1.32.E-05 | 1.73.E-05 | 4.27.E-03 | 2.17.E-06 | 2.11.E-07 3.63.E-04 1.24.E+00
Input RPP 1.15.E-08 | 8.20.E-04 | 1.06.E-02 | 4.39.E-01 | 1.93.E-04 | 7.44.E-04 1.59.E-02 8.47.E-01
Re-Paper 1.12.E-08 | 1.77.E-04 | 3.19.E-04 | 4.87.E-02 | 2.96.E-05 | 5.41.E-06 1.17.E-02 8.81.E-01
Chem-organic 5.79.E-08 | 2.22.E-04 | 6.57.E-04 | 6.60.E-02 | 3.46.E-05 | 2.50.E-05 | 4.89.E-02 9.74.E+00
Waste HDPE -2.84.E-09 | -1.07.E-04 | -3.55.E-03 | -1.54.E-01 | -2.01.E-04 | -2.32.E-04 | -3.11.E-03 -2.70.E-01
Output Waste oil 1.56.E-14 | 1.86.E-07 | 1.08.E-06 | 1.63.E-04 | 1.35.E-08 | 3.29.E-09 | 7.98.E-07 8.55.E-03
Hazardous waste | 5.50.E-11 | 4.30.E-05 | 3.65.E-05 | 1.09.E-02 | 5.33.E-06 | 9.80.E-08 | 5.55.E-02 4.39.E+00
Electricity 2.14.E-10 | 5.19.E-04 | 1.07.E-03 | 3.08.E-01 | 9.68.E-05 | 2.29.E-05 | 9.64.E-04 1.39.E-01
Energy Heating oil 1.93.E-09 | 6.51.E-07 | 1.24.E-05 | 2.40.E-04 | 1.67.E-07 | 8.24.E-08 1.90.E-04 1.03.E-01
Process oil 4.10.E-11 | 1.50.E-07 | 1.13.E-06 | 1.40.E-05 | 1.45.E-08 | 6.25.E-09 | 5.82.E-05 1.67.E-03
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Figure 3. Normalization result of process for breathable film pro-

A(Extruder)7} 10%, Y ZE ZEo F2A]7]= ZdE T
(Printing Dry)7} 5%9] <=2 2 UEelyth ZF 349 E2d 7]

ol E i A o A= YRl HDPEZ} 70%, -2 FThA o A]
L Bxxg AR Zezz A (RPP)o] 81%, L=THA 9
A Ao 99%, ZE Ao E JT9t LA7} 69%0
2 e oA A e Ao 2R A dE T
Ao} H2hckA o) A n U]zﬂ- 2531 A7t a v Avoided Impact)
£ Hou dHdA(Slitting)ol| A & Fo}t A aart &
()9 Foz Yehyth

4. 2=

OLE,
o
o
2
)

HDPE= slolch Ao Bol 9% W e vwe 2
T}, A FedBrL 97%E F8 FeFHEE Uehton vhe] 3
A 7)o = ST A|(Mixing) 7| 57%, F-2FdHA|(Lamination)
29%, =SHA|(Extruder) 10%, ¥ WA (Printing Dry)7} 5%
2 Uetdth 5714 259 Alx F400A & Fst Has
aHr 2bg gk ol & Fa B9 S EolAY
Y] AL SRR gAIE 5 s BHE =S5tk 20|
oA Ql W Lim [6]o] ARt Eejod oyt Hejz=Z

g Eor| AxFo| o3 34 Byl 455 =2 AL

7tk BA DY AR HEE Ao gt 514 2

2ol ZAY 9.0 FEAAZ 2 Qe TAA|AE AA 7} 3

AAE Aste getel @ 4 9lg o= wdkdc
ZH At

“o] =22 AAloiAtstaL 2016\ = Al oj bl st St

duction. AT EAH] Aol Jste] ATH L
Table 5. Normalization result of process forbreathable film

Mixing Extruder Extender Printing Dry | Lamination Slitting Re-winding Wrapping

OD 6.69.E-10 444 E-12 8.37.E-11 2.36.E-09 5.79.E-10 -1.09.E-10 3.12.E-11 4.26.E-10
AD 4.65.E-02 1.28.E-02 1.09.E-04 1.05.E-02 4.04.E-02 -1.19.E-03 4.82.E-04 6.91.E-03
ARD 5.16.E-01 1.59.E-02 4.33.E-04 1.73.E-02 3.26.E-01 -8.07.E-02 5.45.E-04 1.19.E-02
GW 5.93.E+03 1.05.E+03 4.93.E+00 4.25.E+02 3.01.E+03 -5.77.E+02 1.85.E+01 3.00.E+02
EUT 1.62.E-02 7.64.E-04 6.18.E-06 5.23.E-04 3.17.E-03 -2.34.E-03 2.66.E-05 4.95.E-04
POC 1.34.E-02 1.26.E-04 1.38.E-06 2.59.E-04 9.46.E-03 -2.24.E-03 3.82.E-06 1.71.E-04
HT 2.63.E+01 7.89.E-01 1.18.E+00 1.43.E+02 2.71.E+01 -3.90.E+00 1.10.E+00 1.51.E+01
ET 4.86.E+00 1.36.E-01 2.62.E-01 2.30.E+01 1.71.E+00 -3.88.E-01 9.85.E-02 1.35.E+00
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