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Abstract : In this study, Life Cycle Assessment (LCA) of wet tissue manufacturing process was performed. The wet tissue
manufacturing process consists of preparation of wetting agent (chemical liquid), impregnation of nonwoven fabric into wetting
agent and primary and secondary packaging. Data and information were collected on the input and output of the actual process
from a certain company and the database of the Korea Ministry of Environment and some foreign countries (when Korean
unavailable) were employed to connect the upper and the lower process flow. Based on the above and the potential environmental
impacts of the wet tissue manufacturing process were calculated. As a result of the characterization, Ozone Layer Depletion (OD)
is 3.46.E-06 kg CFC,, Acidification (AD) is 5.11.E-01 kg SO», Abiotic Resource Depletion (ARD) is 3.52.E+00 1 yr'l, Global
Warming (GW) is 1.04.E+02 kg CO,, Eutrophication (EUT) is 2.31.E-02 kg PO,”, Photochemical Oxide Creation (POC) was
2.22.E-02 kg C;Hs, Human Toxicity (HT) was 1.55.E+00 kg 1,4 DCB and Terrestrial Ecotoxicity (ET) was 5.82.E-04 kg 1,4
DCB. In order to reduce the environmental impact of the manufacturing process, it is necessary to improve the overall process as
other general cases and change the raw materials including packaging materials with less environmental impact. Conclusively, the
energy consumed in the manufacturing process has emerged as a major issue, and this needs to be reconsidered other options such
as alternative energy. Therefore, it is recommended that a process system should be redesigned to improve energy efficiency and
to change to an energy source with lower environmental impact. Due to the nature of LCA, the final results of this study can be
varied to some extent depending on the type of LCI DB employed and may not represent of all wet tissue manufacturing
processes in the current industry.
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Table 1. Scope definition

Cleaner using non-woven fabric containing

Function . . .
moisture for skin cleansing

Functional unit | Production of 1 EA wet tissue

Reference flow | Wet tissue 58 sheets
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Table 2. Data quality

Group Up/Down stream Production stage
Temporal scope Most recent data 2015 Annual data
Regional scope Local Local data

Technological Technologies used by
scope target company
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- BEAL [AABAF] 22 Al ”(Glycerin)

- AHMEAA|: Chemicals organic, at plant/GLO S

- B LA Propylene glycol, liquid, at plant/RER S

- PH 2\37‘311]2' Adipic acid, at plant/RER S

: Chemicals organic, at plant/GLO S

3EA: Silicone product, at plant/RER S

1A YA JA|1: Chemicals organic, at plant/GLO S
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Figure 1. Process flow diagram of wet tissue manufacturing process.
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Table 3. Data sources for LCI

Group Material Data source - Remark
Survey | Calculation | Estimation
Main materials DI Water \" [Ministry of Knowledge Economy] Demi-water
Preservative 1 A% [Ministry of Knowledge Economy] Glycerin
Surfactant \% Chemicals organic, at plant/GLO S
Moisturizer v Propylene glycol, liquid, at plant/RER S
pHregulator 1 v [Ministry of Knowledge Economy] Glycerin
pHregulator 2 A% Adipic acid, at plant/RER S
Fragrance v Chemicals organic, at plant/GLO S
Antifoaming agent A% Silicone product, at plant/RER S
Skin conditioner 1 Chemicals organic, at plant/GLO S
Skin conditioner 2 Chemicals organic, at plant/GLO S
Sub materials Preservative 2 [Ministry of Knowledge Economy] Glycerin
Input Non-woven fabric E:f;giglzi {Eg\é{l{onment] Polyethylene
Film Packaging film, LDPE, at plant/RER U
Sticker [Ministry of Knowledge Economy] Randaom
Polypropylene, RPP
Cap [Ministry of Knowledge Economy] Randaom
Polypropylene, RPP
Bundle Packaging film, LDPE, at plant/RER U
Box [Ministry of Knowledge Economy] Printing
paper-containing waste paper over 50%
Electricity \% [Ministry of Knowledge Economy] Electricity
Energy Gas [Ministry of Environment] Natural Gas, NG
Transportation | Transportation (Truck) [Ministry of Environment] 3.51-5ton Truck
Product Wet tissue v
Qutput Waste Solid waste (Incineration) i[ﬁggiesrgt};oollf Environment] Hazardous waste
=E AE ) Alx2E VIee® ALtE 543 g2 shehtelaA g jFol A o] 3.4%, HA7FATT 96.4% 2
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N ST AT, B AR IAS AN 0 02ET  259% Ho] 20% HAZFA 10.7% ek, AeEA
7(OD)+= 3.46.E-06 kg CFCy;, A 3HAD)of|A+= 5.11.E-01 Fo A= BG5A 9.4%, F23E 25.9%, BE 2.7%, HE 1.5%,

kg SO, A LZ(ARD) O A= 3.52.E+00 1/yr, 2| 7-21FSHGW)
= 1.04E+02 kg CO», Y FSHEUT)= 2.31.E-02 kg PO,™,
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DCB=® ettt
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Table 4. Results of characterization
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Impact category OD AD ARD GW EUT POC HT ET
Unit kg CFCy; | kg SO, 1yr! kgCO, | kgPO,” | kgC,Hs |kg14DCB kg1,4DCB
Total 3.46.E-06 | 5.11.E-01 | 3.52.E+00 | 1.04.E+02 | 2.31.E-02 | 2.22.E-02 | 1.55.E+00 | 5.82.E-04
DI Water 3.49.E-10 | 424.E-07 | 1.66.E-06 | 1.19.E-04 | 4.69.E-08 | 1.29.E-08 | 1.83.E-05 | 8.38.E-09
Preservative | | 1.68.E-12 | 5.01.E-07 | 1.11.E-06 | 1.47.E-04 | 6.14.E-08 | 1.62.E-08 | 2.56.E-06 | 7.20.E-10
Surfactant 1.20.E-10 | 4.58.E-07 | 1.36.E-06 | 1.36.E-04 | 7.15.E-08 | 5.17.E-08 | 1.01.E-04 | 8.31.E-07
Moisturizer | 2.54.E-06 | 1.21.E-05 | 1.90.E-05 | 3.11.E-03 | 3.54.E-06 | 1.63.E-06 | 1.04.E-02 | 5.46.E-05
pHregulator I | 1.87.E-13 | 5.57.E-08 | 1.23.E-07 | 1.63.E-05 | 6.83.E-09 | 1.80.E-09 | 2.84.E-07 | 8.01.E-11
pHregulator2 | 2.15.E-10 | 3.46.E-06 | 4.87.E-06 | 3.95.E-03 | 3.61.E-07 | 4.09.E-07 | 1.71.E-03 | 5.22.E-06
Fragrance 7.18.E-11 | 2.75.6-07 | 8.15.E-07 | 8.19.B-05 | 4.29.E-08 | 3.11.E-08 | 6.07.E-05 | 4.99.E-07
Antifoaming agent | 1.83.E-10 | 4.56.E-07 | 4.26.E-07 | 1.14.E-04 | 4.61.E-08 | 2.65.E-08 | 2.72.E-05 | 4.52.E-07
Input Skin conditioner 1 | 1.71.E-12 | 6.55.E-09 | 1.94.E-08 | 1.95.E-06 | 1.02.E-09 | 7.39.E-10 | 1.44.E-06 | 1.19.E-08
Skin conditioner 2 | 1.71.E-12 | 6.55.E-09 | 1.94.E-08 | 1.95.E-06 | 1.02.E-09 | 7.39.E-10 | 1.44.E-06 | 1.19.E-08
Preservative 2 | 3.74.E-13 | L1L.E-07 | 2.47.E-07 | 3.27.E-05 | 1.37.E-08 | 3.60.E-09 | 5.68.E-07 | 1.60.E-10
Non-woven fabric | 2.84.E-07 | 1.08.E-03 | 7.92.E-03 | 1.93.E-01 | 1.57.E-04 | 4.01.E-05 | 4.02.E-01 | 1.51.E-04
Film 9.09.E-10 | 3.28.E-05 | 7.71.E-05 | 8.51.E-03 | 2.60.E-06 | 1.70.E-06 | 9.60.E-04 | 1.56.E-05
Sticker 2.12.E-11 | 1.50.E-06 | 1.94.E-05 | 8.06.E-04 | 3.54.E-07 | 1.36.E-06 | 2.92.E-05 | 1.60.E-08
Cap 8.86.E-11 | 6.30.E-06 | 8.13.E-05 | 3.37.E-03 | 1.48.E-06 | 5.71.E-06 | 1.22.E-04 | 6.71.E-08
Bundle 4.92.E-10 | 1.78.E-05 | 4.18.E-05 | 4.61.E-03 | 1.41.E-06 | 9.21.E-07 | 5.20.E-04 | 8.46.E-06
Box 3.47.E-09 | 5.48.E-05 | 9.92.E-05 | 1.51.E-02 | 9.20.E-06 | 1.68.E-06 | 3.63.E-03 | 1.37.E-06
Output Solidwaste 1 3 0 p 13 | 235.6-06 | 1.99.E-06 | 593.E-04 | 291.E-07 | 535609 | 3.03.E-03 | 1.91E-06
(Incineration)
- Electricity 7.06.E-09 | 1.71.E-02 | 3.54.E-02 | 1.0L.E+01 | 3.19.E-03 | 7.55.E-04 | 3.18.E-02 | 2.67.E-05
Nner:
& Gas 6.20.E-07 | 4.93.E-01 | 347.E+00 | 9.36.E+01 | 1.97.E-02 | 2.14.E-02 | 1.10.E+00 | 3.16.E-04
Transportation Tra‘(l;ﬂ‘l’;g“on 6.97.E-13 | 437.E-08 | 1.88.E-08 | 2.26.E-06 | 7.91.E-09 | 1.66.E-09 | 1.06.E-06 | 3.53.E-10
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Surfactant
m Fragrance

oxidation
creation

m Preservative 2

Cap
= Gas

= Moisturizer
m Antifoaming agent
= Non-woven fabric

=Bundle

m Transportation(Truck)



s AR B GapaTol Qlof Aeln Welskavt Faolhw
B 4 gk

HEol A dF = FiL ee AL & AU BT
A SHolA ZE w7 A2TA vl olvA] 74 WE
o e Te & A= FrHeE &+ Al
Axzs4 S dTFe E°17] feiMe 348& Mt
Dol A2 AR MA AU ZRAE WAs= 5
of eto] Hasity. 53] oWl FE|q Al=3H 9] 45 ol
A7F FRolr R =EEQ7] wizel, ol Higt /Aol & &
o] BHILGE S0l a8 Yoo A4 uehA
AzEge] A AFE &0l #&5 Tl &
AL AAZE dasith B3 @G G0l W ouAd
o2 fAsHAY AYANYAE H&3te S0l BE V=
Agrshe Wete 2 by ohet A IRIE 285}
AM= AL A< % AuAeE (el A]

WA Energy Mix)of| ojjgt

- e a - s
glolgle] ojn] Rh=oi%l LC
Z3le 2oz AR g
gote Aojtk e B sl =
g0l o] oty7] miel & A+ 011*15 OHﬂ LCI DBY
FrAR=E 9] LCI DBE ARE-5H7 | &= sFqit). wheba] 285 LCI
DB ute} Aate] #5o] oS 4= ek By ol LCAS
F5tr] e AxgAe] BE FArEEe] JRI g
a3k o] Fri ALY YR FAF I 9le] *’“oMﬂ
&olstA| gtk & Aol AT EElare A= o] 2|

it

o= AEGEY, HApEm chopeieh. weta
o

2 Aol A4
234 BBH B RE A2FRS YES

Sl

rr

2~
T

Z Al
“o] B MAloiRlt)sti 2016W % AJAloi st &

s8] A ofste] A= AE”

F
ok

References

1. You, H. J.,, Hwang, H. S., and Song, E. G., “A Study on the
Improvement for Safe Consumption of Wet Tissue -Focusing
on Consumer's Subjective Safety Assesment and Labeling
Condition,” KRCEM., 10(8), 81-97 (2014).

2. Park, J. S., “Domestic Wet Tissue Consumption Pattern
Analysis,” KHIDI Brief, Report No. 202 (2015).

3. Ji, K. S,, Kim, J. Y,, and Kim, D. Y., “A Study on the
Improvement of Consumer Product Safety Regulation, Korean
Consumer Agency, 1-184 (2018).

4. ISO 14040, 2006: Environmental management-Life cycle
assessment-Principles and framework.

5. ISO 14044. 2006: Environmental management-Life cycle
assessment-Requirements and guideline.

6. Environmental Declaration of Product LCI Data base,
www.edp.or.kr (accessed 2017).

Ecoinvent Database, www.ecoinvent.org (accessed 2017).
Lee, K. M., Hur, T., and Kim, S. D., “Theory and Guidelines
for Environmental Life Cycle Assessment (LCA)”.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


