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Abstract : There are various activities for reduction of the greenhouse gasses (GHG) emission around the world. The countries
agreed to submit their’s individual plans to the United Nations and have operated programs related to the Climate Change, in
addition, the enterprises have spontaneously been developed individual calculation methodologies of GHG emission. This paper
aims at examining methods for calculating the effect of the reduction of environmental impact, being divided into three
categories; international standard, country, enterprise. The reduction effects of environmental impact were compared by applying
an existing product of the vehicle undercover and the uni-materialized product and being selected six calculation methods of
environmental footprint. There are significant differences according to the evaluation methods of product environmental footprint
(PEF) reduction. Main factors of differences are a gap in system boundary, a scope of data collection and the replacement amount
standard of existing products. Stakeholders are unreliable in the results of PEF reduction because of the differences in results by
each methodology. Therefore, it is necessary to disclose in detail the methodologies of calculating the PEF reduction that relevant
people can easily understand, also to enable comparisons of the reduction results by developing the standardization of evaluation
methods of PEF in the long term.
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Table 1. Result for reviewing product carbon footprint methodologies
Methodologies Target Scope Estimation logic Variables
product
A GHG: Amount of carbon footprint reduction
National Fugitive AGHG= GHG, ;01 an» BL: Amount of refrigerant use in baseline year
1.IPCC greenhouse | emission | CHG,cprigerant 52 < EFrefrigerant | EEreprigerans: GWP value of targer refrigerant
Guideline gas from use XP i pr~ GHG, 1 ierant P, ,...pr: Number of sold product in baseline year
inventory stage EF, trigerant < Protal GHG, .}, yeran - Amount of refrigerant use in target year
P, ;.- Number of sold product in target year
2.1IFC
Greenhouse Gas AGHG: Amount of carbon footprint reduction
Reduction Energy | 5. and end AGHG=(GHG,, — GHG,,, : Carbon footprint in baseline product
Agcountmg using of life stage | GHG,, .. )XP, ... GHG,,, ... Carbon footprint in improved product
Gu1dance for product improve substitution P P U ,. N b f b t ; d d ‘
Climate Related ) wbstitution . NUumber of substituted products
Projects
Electrical R (y): Amount of carbon footprint reduction for improved product i
3. IEC/TR and Cradle to _ . . .
) R(y)=B(y)—Py) B, (y): Carbon footprint in baseline product
62726 electronic grave P (4): Carbon f intini 4 product
equipments . (y): Carbon footprint in improved produc
4. Qarbon A GHG: Amount of carbon footprint reduction
Reduction Label Proquct for Cradle to AGHG= GHGy, — GHG,, . .| GHGYy,: Carbon footprint in baseline product
- Carbon Trust | certification grave e GHG, : Carbon footprint in improved product
(PAS 2050) improved* tp p p
5. Thailand Cradle to A GHG: Amount of carbon footprint reduction
Carbon Prlft).(?lctt.for grave (except| AGHG'= GHGy, — GHG,,, ,,,..q| GHGp: Carbon footprint in baseline product (baseline year: 2002)
Reduction Label| “" <O yge stage) GHG,,, . ,,q: Carbon footprint in improved product
. AGHG: Amount of carbon footprint reduction
6. (S:\lzs.ntzerland PI‘O.(?:ICt for Cradle to AGHG= GHGy, — GHG,, . ,.q| GCHGp,: Average carbon footprint of target product category
imatop - |certification| - grave GHG,,, . ,.q: Carbon footprint in improved product
7. South Korea A GHG: Amount of carbon footprint reduction
Certification of Prqduct for Cradle to AGHG= GHG,, — GHG, GHGy, Carl.)on footprint in baseline product or benchmark value of
Low Carbon |certification grave meroved) carbon footprint of target product category
Products GHG,,, . ,.q: Carbon footprint in improved product
A GHG: Amount of carbon footprint reduction
GHG, ., 5, Carbon footprint in baseline year (raw material acquisition)
GHG,, ... 5, Carbon footprint in baseline year (manufacturing)
AGHG= GHG, , p,: Carbon footprint in baseline year (use)
Compare (GHG.,, j,+GHG, ... 5 + | GHGiy g2 Carbon footprint in baseline year (distribution)
8. HP - Carbon one's GHG,,, p;+ GHGy, , 5+ GHGY,; ;- Carbon footprint in baseline year (end of life)
Accounting p roductts Cradle to GHGpyp 1) X Py pr— P, 1. 5. - Number of sold product in baseline year
Manual (corni;ptgrer’ grave (GHG,,, + GHG, . + GHG, .- Carbon footprint in target year (raw material acquisition)
I;ever)’ GHG, . + GHGy; , + GHG,, ., Carbon footprint in target year (manufacturing)
GHGl,) X P, GHG, . Carbon footprint in target year (use)
GHG,, ,: Carbon footprint in target year (distribution)
GHG, , : Carbon footprint in target year (end of life)
P, ;.- Number of sold product in target year
o Np: Number of substituted products
9. Mitsubishi |~ Ep: Carbon footprint in baseline product - Carbon footprint in i d
Electronic- nergy st GHGreduction— p: : art on footprint in baseline product - Carbon footprint in improve
. using se stage NoXFot NoXE produc
Egzlrggnggr;gal product pop T Ne: Number of energy efficiency facility
P Er: Carbon footprint reduction for energy efficiency facility
. . Compare A GHG: Amount of carbon footprint reduction
IO-GHltaC}ll one's Cradleto | \ e GHGy, — GHG,, ...| GHGy, : Carbon footprint in baseline product
Toup products grave GHG,,, . .q: Carbon footprint in improved product
A GHG: Amount of carbon footprint reduction
Comp'are Cradle to AGHG= GHG,, : Carbon footprint in baseline product
1. Canon pr(())I(llflz " grave (GHGy, — GHG, 1 p0i) X Prgie | GHG,, . ...q Carbon footprint in improved product

P, .- Number of sold product in target year
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2.1.11. Hitachi Group

S TLES ApAl A AASHE T AFS] BFUA
RS Fol 712 2 o] BAUAT AQFT Gt
slov] FAE AF AT WA LA wE ARFS A

%

Ol

FAl =TH17,18].



A5} 1T 7 o) S A A3 v AP A8 0 A A 139

2.1.12. Canon

=2 ArALO Al Tofet 53t7), ZHE AE
2A7MA viEF A A-S
32 Hrlsta QITH19].

AFY AHE AlYE| o= SHeRE dBFH o2 7ML §)

ow, A Wsle AF WA

= ez
AREEA axvlE OﬂLﬂXl a4

7+ gk R @ 27} X*‘jj A7t wE Al

o Aol ojsf WAshs A7 vjlE e AEstal vk

22. XI=x 22| LCAHT si&t
A AsA; 5 4 LCA 3= A7 - ARA = 9
A T A AFA =T 2ds] LPEHL Q= 4%}
o] Hlsf w]xIgk —’FZOIE} o] A 7R X}EX}Q]— T}
Q

9 ol ot RS 44

517 5 oo x} A} AR 37 ol 2 Ao
A s B9 A AF7E AR EolTH20-22].
2.3. At

2.3.1. A A HO|
Figure 12 AH| 17 Al E02 453 AAE AT
Holn, /|EA BT AL Tl UL ABS

Tr"]/\XHQ' A=
ol = 2] QA 01011
Z g AE YA T oA WS AT WhAlERS B A&
shoict 12)a guaA|st AlE Yt AP%E]%
R oA of ot dloleE F FAksirt 13

8 ol

olEl & ARg-sfioFsit s o 151 3] %71%—?’& g7elef
Bl AE Yihs A3t 349 2014 = AlE At

l-J

A AAE

Table 2. Target products

Categories Baseline product Improved product
VI engine room Uni-materialized engine
Product name
undercover room undercover
Main raw Polyprophylene .
materials (PP_GF30) Bamboo resin sheet
Data collection 2012.1.1. ~ 2015.1.1. ~2015.12.31
eriod 2012.12.31 (12 months)
P (12 months)
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Figure 1. Under cover in Engine room, (a) existing product, (b) uni-materialized product.



140 332 - 944 - fold - vhsh: - ojekg

Table 3. Carbon footprint methodologies used in this study

Methodologies Scope Cut off criteria (%)
ISO 14044:2006 Entire Life cycle -
South Korea
Certification of Low | Entire Life cycle 95
Carbon Products
HP - Carbon L
Accounting Manual Entire Life cycle 95
UK Product Carbon R
Footprint (PAS 2050) Entire Life cycle 95
IFC (International Use stage, End )
Finance Corporation) of life stage
Mitsubishi Electronic Use stage -

AR AAT AE FALAT A A e A
t}. opRjEko 2 LCA A Z5<l ISO 14044:2006S 7% |
HEos Ayt

432 s

GFB7E WFE Table 714 A glom, FUn,
A)e e}, AMS}, g opet, A AetR Al 5714
Was AAstart

Table 5. Gate to gate data for VI engine room undercover (/functional

233. 7| & 7|sSEH
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A PAR ARk he Table 4= 7% D 715TS
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Table 4. Function and Functional unit
Categories Contents
Function Engine protection
. 2.844 kg
VI engine room undercover
Functional g (1 EA)
unit Uni-materialized engine 1.264 kg
room undercover (1 EA)
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E
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unit)
Life- . .
cycle 1/0 Resource Unit | Quantity
Homo-polypropylene kg 1.828
Glass fiber kg | 0.784
Lubricant oil kg 0.001
PPG kg | 0.267
ISO kg | 0.107
Input
TPU Film kg | 0.043
Pre- Nut-speed kg | 0.065
manu- -
facturing Adhesive kg 0.052
Cooling makeup water kg | 9.643
Electricity usage kWh| 2.380
Scrap kg 0.150
Waste lubricating oil kg | 0.001
Output
Vapor kg 9.643
Total weight of components | kg | 2.932
PNL-UNDER COVER kg | 1.398
UNDER COVER FR kg 1.113
INSULATOR-UNDER
COVER_FRONTI kg | 0.180
INSULATOR-UNDER
Input COVER kg | 0.101
Manu-
facturing INSULATOR-UNDER
COVER_FRONT2 ke | 0087
NUT-SPEED kg | 0.002
Adhesive kg | 0.052
Under cover in engine room | kg | 2.844
Output
Defective product kg 0.088
Under cover in engine room | kg | 2.844
Input
Gasoline kg | 19.650
Carbon dioxide kg | 54.460
Methane kg 0.020
Use
Nitrous oxide kg 0.006
Output
CO kg | 15.890
VOC kg | 0.280
Nitrogen oxides kg | 2.870
Wasted under cover in
Disposal | Input engine room kg | 2.844
(Incineration)
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Table 6. Gate to gate data for uni-materialized product (/functional
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Table 7. Environmental impact categories

unit) Environmental Impact Categories Unit
(I:;ii; 1/0 Resource Unit | Quantity Abiotic resource Depletion Potential (ADP) l/yr
Polypropylene ke | 0.885 Acidification Potential (AP) kg SO» eq
EPDM ke | 0316 Eutrophication Potential (EP) kg POs~ eq
Bamboo ke 0316 Global Warming Potential (GWP) kg COs eq
Ca0 kg | 0.076 Photochemical Oxidant Creation Potential (POCP) | kg C>H4 eq
Graft polypropylene kg 0.126
fetaed camon | <2 | 008 3. Znt o ma
Tnput Magnesmm( ;ilﬁeét;: hydroxide ke 0.051 3.1, BIANS 2R ST} AbE ST H T}
Pre- Sodium silicate kg | 0.051 3.1.1.1SO 14044:2006
facturing Etc (4 materials) kg | 0.058 2012450 7|12 A|Fo] BujE FOITHT AH AE
Non woven kg | 0.004 o] FUsA wuE Ao 7PHste] BAAY ALYFL A
Defective product (recycling) | kg | 0.102 ABFATE ol= AEZ2] A glo] TS o HAE 4~ Q)
Cooling makeup water | || oo L HHAFE AR R QSIS 1 U 2o
(industrial water) 3 ALFE Bolske Ao AT Table 8914 e
Electricity usage kWh | 0.668 o]t}
Bamboo composite resin kg 1.945
Output _ Vapor | kg | 03 3.1.2. 5t= XMEIA OI=
Defective product (recycling) | kg 0.102 SN ek Q1= Fl0] Ao, M AEe] ghjer A
Defective product (Incineration)| kg | 0.000 ° C:'” ~ e O_Z il E_ e e
Bamboo composite resin kg 1.945 B pAshal ol ofel ZiAAES) 20144 e s g
npu rp—— e ooy AFTAMAES Btk she Ao] fzjolck s
— AAF A5 AF D7heAlz Fuf7) o] Foj XA oFe A
Manp- Electricity usage kWh | 0.520 Gl 7] wEo] SAAES] 20140 TS AEom 37
facturing Uni-materialized product kg 1.264 PR H; —E_?Tﬁ jrod - L—]: ? ; ° - A :;
Output Waste lubricating oil kg | 0.003 3% Al o%e 871er et Table 9= g At A3
, A=E a3t datolct
Scrap and defective product | kg 0.681
Input Uni-materialized product kg 1.264 313 1P
Gasoline kg 8.549 sl
Carbon dioxide kg | 23.697 HPO| A 938}l Q= 2A7FA viE=F AskaF A8 W
Methane kg | 0.009 = A8 Af SIS A A AFS B A
ose Nitrous oxide ke | 0.003 AR BoFS 22 Mgl W YT FFL vl
Output co ke | 7059 WOM= WS ALgRi 2 /| EAES A4 wojE el
VOC kg | 0.124 9,317 ol thgt 2+ FFS APFstaL HAAF-L HAAAE
Nitrogen oxides kg | 1.280 Tl Fel Hivt 2 G APkl o] &2 wlash=
Under cover in §ngine room ke 1138 I O]‘:i- o, ShA Avsig ol NAAIES] H9- AlE ‘?7}
Disposal| Tnput (Recycling) BAIS 7k o) 2o A fhe efols] tizel fAA1%e
Wasted Under cover in engine ke | 0.126 2014 Tufjgkel 8487 E 7|FCo 2 FAYSF NMARES
room (Incineration) Table 100|A] B7}51%c}.
Table 8. Environmental footprint of case study (ISO 14044:2006)
Categories ADP AP EP GWP POCP
VI engine room undercover (Baseline product) 5.60E+03 1.41E+02 2.46E+01 6.07E+05 4.06E+03
Uni-materialized product (Improved product) 2.67E+03 5.42E+01 1.04E+00 2.72E+05 1.82E+03
Baseline product - Improved product 2.93E+03 8.66E+01 2.36E+01 3.36E+05 2.24E+03
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Table 9. Environmental footprint of case study (certification of low carbon product in South Korea)

Categories ADP AP EP GWP POCP
VI engine room undercover (Baseline product) 7.69E+02 1.07E+02 2.19E+01 6.68E+04 5.20E+01
Uni-materialized product (Improved product) 5.03E+02 3.99E+01 7.11E-01 3.15E+04 3.85E+01
Baseline product - Improved product 2.65E+02 6.72E+01 2.12E+01 3.53E+04 1.35E+01

Table 10. Environmental footprint of case study (HP)

Categories ADP AP EP GWP POCP
VI engine room undercover (Baseline product) 5.60E+03 1.41E+02 2.46E+01 6.07E+05 4.06E+03
Uni-materialized product (Improved product) 2.43E+03 4.93E+01 9.45E-01 2.48E+05 1.66E+03
Baseline product - Improved product 3.17E+03 9.14E+01 2.37E+01 3.60E+05 2.41E+03
3.1.4. = PAS 2050 5ol G Aol BT Ao AdFsA A
& 3+9] Carbon Footprint= A 7}A vi&egF A4S <& QF o] AT iAFAEQ] AHE AuAH S HFL, A 7
st AAE oy Z 71de] A5 AlFel dieh 247k Woll A&l A Fo] 7]EA A5k elgt 4
i A 25 3 avs AAHer 3N = A skl © Alaglo] F5Eo % A& vefd =
oIt} , IFC S Y2502 H8s ¢, 34 vzt
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Table 11. Environmental footprint of case study (PAS 2050 of UK)
Categories ADP AP EP GWP POCP
VI engine room undercover (Baseline product) 7.19E+02 1.04E+02 1.76E+01 5.52E+04 5.14E+01
Uni-materialized product (Improved product) 4.85E+02 3.92E+01 7.04E-01 2.78E+04 3.84E+01
Baseline product - Improved product 2.34E+02 6.46E+01 1.69E+01 2.75E+04 1.30E+01
Table 12. Environmental footprint of case study (IFC)
Categories ADP AP EP GWP POCP
VI engine room undercover (Baseline product) 2.17E+03 1.35E+01 2.74E-01 2.45E+05 1.83E+03
Uni-materialized product (Improved product) 9.64E+02 4.84E+00 1.18E-01 1.08E+05 8.09E+02
Baseline product - Improved product 1.21E+03 8.67E+00 1.57E-01 1.37E+05 1.02E+03
Table 13. Environmental footprint of case study (Mitsubishi Electronic)
Categories ADP AP EP GWP POCP
VI engine room undercover (Baseline product) 2.16E+03 1.05E+01 2.63E-01 2.43E+05 1.82E+03
Uni-materialized product (Improved product) 9.63E+02 4.71E+00 1.17E-01 1.08E+05 8.09E+02
Baseline product - Improved product 1.20E+03 5.83E+00 1.46E-01 1.35E+05 1.02E+03
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3.1.6. Mitsubishi Electronic Akt
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Table 14. Environmental impact reduction result comparing (system boundary)
) Environmental impact ratio (%)
Methodologies System boundary
ADP AP EP | GWP | POCP
ISO 14044:2006 100.0 | 100.0 | 100.0 | 100.0 | 100.0 o
Entire life cycle
HP 100.0 | 100.0 | 100.0 | 100.0 | 100.0
South Korea, Certification of Low Carbon Products | 9.9 85.2 98.6 11.5 0.7 ) )
- Raw material and manufacturing stage
UK, Product Carbon Footprint (PAS2050) 8.8 81.9 78.5 9.0 0.6
IFC 90.5 | 22.0 1.5 894 | 994
—— - Use and EoL stage
Mitsubishi Electronic 90.1 14.8 1.4 88.5 99.3

Table 15. Environmental impact reduction result comparing (data collection target)

) Environmental impact ratio (%) .
Methodologies Data collection target
ADP AP EP GWP POCP
South Korea, Certification of . . . .
Low Carbon Products 100.0 100.0 100.0 100.0 100.0 Site specific data collection for supplier
UK, Product Carbon Footprint Secondary data use for supplier (less than 10%
(PAS2050) 88.2 %6.1 79-6 779 96.2 of weight contribution of target product)
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Table 16. Environmental impact reduction result comparing (definition of alternative product)

) Environmental impact ratio (%) o )
Methodologies Definition of alternative product
ADP AP EP GWP | POCP
ISO 14044:2006 100.0 100.0 100.0 100.0 100.0 Number of baseline product selling
HP - Carbon Accounting Manual 108.1 | 1056 | 1004 | 1072 | 1072 N“Tnlzgg’vfeza:ggscft’gﬁﬁtga“d
HPHEY B Aol 2 MR L glth Table 158 4.HE
£3 dlolel 4 W Aolol wek Ax BAGFUEAN e
GEHE WIYT AGFS Ao} Eente Ag gy TR 08D 00 AT Bawas 42 W)
S Sich B8l AFEusier Rgne) 45 vk ojgey 5 WU T REBE VY WA A wE B vl
o]Z wo|: gl Hejoksto] Ao, Aol Abgahs Qx o °_°i“q' j; ?L’ Xﬂﬁ; ° Exi o 07}3{) ‘ﬁﬁ
vl (AR Aol Alole pHow ojre) o MOVE T ASE HELLL A olibe 1) WHERE
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A A obA] S G A ol Al ALl ol whet g st . _ o e
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