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The Development of Korean Life Cycle Impact Assessment Index Based
on a Damage Oriented Modeling
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ABSTRACT : This study proposed a life cycle impact assessment index that can indicate the environment-related information
of the product in monetary value such that the national geographical, environmental, and social features are fully reflected
based on a damage-oriented model. First, the estimation process was classified into characterization, damage assessment, and
integration stages considering the six biggest impact categories: resource depletion, global warming, ozone depletion,
acidification, eutrophication, and photochemical oxidant creation. Moreover, this study came up with the 16 category endpoints
related to the 6 impact categories, and the damage function, to the 4 largest safeguard subjects. The integration indices of
finally identified impact categories were KRW 21.8/kg Sh, KRW 6.19/kgCO,, KRW 53,000/kg CFC-11, KRW 13,100/kg SO,
KRW 2,310/kg PO43', and KRW 3,030/kg C:Has. Using the results of this research, environmental impacts based on the
environmental load generated throughout the entire life cycle of a product can serve as a single index in monetary value; thus
enhancing understanding and utilization of the results of life cycle impact assessments.

Key Words : Damage oriented model, Life cycle impact assessment, Single index, Monetary value
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Fig. 1. The structure of KOLID.
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Table 1. The comparison of safeguard subject between KOLID and existing LCIA methods based on damage oriented model

LCIA method
KOLID LIME Eco—indicator 99 EPS 2000
Safeguard
Human health Human health Human health Human health Human health
Direct resource ) -
L Fossil fuel Abiotic stock resource
Human (Abiotic)
- Social assets Social assets
Direct resource
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Ecosystem o ) o . o )
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Table 2. Safeguard subject and damage index in KOLID

Safeguard subject Damage index unit Evaluation range
Human health DALY* year Years of life lost and lived with disability due to disease, injury
Social assets KRW Agricultural production, Fishery production, Plant production, Resource loss etc

Extinct Species
Biodiversity EINES*™*

(Expected)

Extinction of biological species such as vascular plant, aquatic plants

Primary production NPP***

(dry)kg/mz - yr

Terrestrial ecosystem, aguatic plankton

* DALY : Disability Adjusted Life Year
** EINES : Expected Increase in Number of Extinct Species
*** NPP : Net Primary Production
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Table 4. The Category endpoints considered in

building damage assessment DB

Safeguard
subject Human health Social assets Biodiversity Primary production
Impact category
. ) —Species diversity of terrestrial | —Terrestrial ecosystem
Resource depletion —Resource loss (social cost) )
organism
—Thermal - cold stress ) .
X . —Agricultural production
. —Infection(Malaria, Dengue)
Global warming X —Energy use
—Disaster
A —Land loss
—Starvation
) —Skin cancer —Agricultural production —Terrestrial ecosystem
Ozone depletion . ]
—Cataract —Plant production —Aquatic ecosystem
Acidification —Respiratory disease —Plant production —Terrestrial ecosystem
Eutrophication —Fishery production
Photochemical oxidant . , —Agricultural damage ,
) —Respiratory disease ) —Terrestrial ecosystem
creation —Plant production
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Table 5. The damage factors for each impact category
Safeguard subject Reference material Human health Social assets Biodiversity Primary production

(DALY/kg) (KRW/kg) (EINES/kg) (kg/kg)
Resource depletion Sb - 1.42E+1 8.90E-14 1.53E-1

Global warming CO2 1.23E—7 2.72E+0 — —
Ozone depletion CFC—11 1.35E-3 1.30E+3 - 2.79E+2
Acidification SOz 2.38E—4 5.09E+3 - 2.63E+1

Eutrophication PO - 2.31E+3 -
Photochemical oxidant creation CaHa 3.22E-5 8.23E+2 - 2.64E+1
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Table 6. The integration factors for each safeguard subject

Safeguard subject Damage index Integration factor(KRW)
Human health 1 DALY 2.82E+07
Social assets 10* KRW 1.00E+04

Biodiversity 1 species 5.69E+05

Primary production 1 ton 4 93E+04
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Table 7. The integration factors of 1kg of reference product for each impact category
. Reference Human health Social assets Biodiversity Primary production Integration factor
Safeguard subject .
material (KRW/kg) (KRW/kg) (KRW/kg) (KRW/kg) (KRW/kg)
Resource depletion Sb 1.42E+1 5.06E-8 7.56E+0 2.18E4+01
Global warming CO2 3.47E+0 2.72E+0 - - 6.19E+00
Ozone depletion CFC—11 3.79E+4 1.30E+3 - 1.38E+4 5.30E+04
Acidification SOz 6.72E+3 5.09E+3 - 1.29E4+3 1.31E+04
Eutrophication PO - 2.31E+3 - - 2.31E+03
Photochemical oxidant creation CoHa 9.07E+02 8.23E+02 1.30E+03 3.03E+03
DGy ;= Dy (CO,) X CF gy (6) ¥ DBE AXK &= Qi
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2 wgsl] fEo] e A eds 2o qisjAis 19 Table 90 YRtk AH4BES] S KOLID7} LIMEC] of
F AL CO, miEwat wsi gzt HAE Foto] I A 184 & A5 Wlom, 11 9] 57 JaFHToll4 KOLID7}
of CRaWS Fol7] Hr}, Fi v ans wejsh| okl LIMEe] u]3) 26%~70% 02 ekt o] Sejuie}
735- COp ARRIAAE Talimd2 4,019/ kgolth, W] 571 O] HHEAQl S Jkoll w2 A EYX|7F AH3st ®IFE Al

Table 8. The summary of demage and integration factors for global warming
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Damange factor Integration factor
Route | Inventory parameter Chan, mﬁ? Social asset | Biodiversity ps)rciinu]g%n mﬁ? Social asset | Biodiversity ps)rcijnu?%n Total damege
kgCO—eq/kg | DALY KRW EINES kg KRW KRW KRW KRW KRW
Air Carbon dioxide 1 1.2367 272540 347EH0 272640 6.195+0
Air Methane 2.30E+1 2836 9.22E+1 7.98E+1 9.22E+1 1. 72642
Air Nitrous Oxide 2.96E+2 3645 119543 1.03E+3 119643 221E+3
Air CFC-11 4.60E+3 5.66-4 1.84+4 1.60E+4 1.84E+4 3.44E+4
Air CFC-12 1.06E+4 1.30E=3 4.25E+4 3.68E+4 4.25E+4 7.92E+4
Air CFC-13 1.40e+4 1.726-3 561E+4 4.86E+4 561E+4 1.05E+5
Air CFC-113 6.00E+3 7.384 2.40E+4 2.08e+4 2.40E+4 4.49E+4
Air CFC-114 9.80E+3 1213 3.93E+4 3.40E+4 3.93E+4 7.33E+4
Air CFC-115 7.20E+3 8.86E—4 2.89%E+4 2.50E+4 2.89%E+4 5.386+4
Air HCFC-21 2.10E+2 2585 8.42E+2 7.28E+2 8.42E+2 157E+3
Air HCFC—-22 1.70E+3 2094 6.81E+3 5.90E+3 6.81E+3 1.27E+4
Air HCFC—141b 7.00E+2 8615 281E+3 2.43E+3 281E+3 5.23E+3
Air HCFC—142b 2.40E+3 2954 9.62E+3 8.32E+3 9.62E+3 1.79e+4
Air HCFC—123 1.20E+2 1.485 481E+2 A16E+2 A81E+2 897E+2
Air HCFC—124 6.20E+2 7.636-5 2.48E+3 2.15E+3 2.48E+3 4.64E+3
Air HCFC—225ca 1.80E+2 2215 7.21E+2 6.24E+2 72142 1.35E+3
Air HCFC—225cb 6.20E+2 7.636-5 2.48E+3 2.15E+3 2.486+3 4.64E+3
Air HFC-23 1.20E+4 1.486-3 A481E+4 4.16E+4 481E+4 8.97E+4
Air HFC-32 5.50E+2 6.776-5 2.20E+3 1.91E+3 2.20E+3 A11E+3
Air HFC—41 9.70E+1 1195 3.89E+2 3.36E+2 3.89E+2 7.25E+2
Air HFC—125 3.40E+3 4184 1.36E+4 1.18+4 1.36E+4 25444
Air HFC-134 1.10E+3 1.354 4ME+H3 3.82E+3 A4A41E+3 8.22E+3
Air HFC—134a 1.30E+3 1.60-4 521E+3 A51E+3 5.21E+3 9.72E+3
Air HFC—143 3.30E+2 4.06E5 1.326+3 1.146+3 1.326+3 2473
Air HFC—143a 4.30E+3 5294 1.726+4 1.49+4 1.726+4 321E+4
Air HFC-152 4.30E+1 5296 1.72E+2 1.49E+2 1. 72642 321E+2
Air HFC—152a 1.20E4+2 1.48E5 481E+2 416642 481E+2 897E+2
Air HFC—-161 1.20E+1 1.48-6 481E+H1 416E+1 481EH 8.97E+1
Air HFC-227ea 3.50E+3 4314 1.40E+4 1.21E+4 1.40E+4 2.62E+4
Air HFC—236cb 1.30E+3 1.60E-4 5.21E+3 451E+3 5.21E+3 9.72E+3
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Damange factor Integration factor
Route | Inventory parameter CFan '_Hkér;ﬁ? Social asset | Biodiversity er(;r(ieru?triZ/)n '_Hkér;ﬁ? Social asset | Biodiversity er;r(ieru?triZ/)n Total damege
kgCOeg/kg DALY KRW EINES kg KRW KRW KRW KRW KRW
Air HFC—236ea 1.20E+3 1.4864 481E+3 4.16E+3 481E+3 8.97E+3
Air HFC-236fa 9.40E+3 1.16E=3 377E+4 3.26E+4 377+ 7.03E+4
Air HFC—245¢ca 6.40E+2 7.87E-5 2.56E+3 2.22E+3 2.56E+3 4.78E+3
Air HFC—245fa 9.50E+2 11764 381E+3 3.30E+3 381E+3 7.10E+3
Air HFC-365mfc 8.90E+2 1.094 357E+3 3.09E+3 357E+3 6.65E+3
Air HFC—43—10mee 1.50E+3 1.8564 6.01E+3 5.20E+3 6.01E+3 1.126+4
Air Methylchloroform 1.40E+2 1.72E-5 561E+2 4.86E+2 561E+2 1.05E+3
Air | Carbon tetrachloride 1.80E+3 2214 721EK3 6.24E+3 7.21E+3 1.35E+4
Air Chloroform 3.00E+1 36956 1.20E+2 1.04E+2 1.20E+2 2.20E+2
Air CHsCl 1.60E+1 1.9766 6.41E+1 5.55E+1 6.41E+1 1.20E+2
Air Methylene chloride 1.00E+1 12366 401+ 347+ 4016+ 7.48E+H
Air CH3Br 5.00E+0 6.15-7 2.00E+1 1.73E+1 2.00E+1 3.74E+1
Air CH2Br 1.00E+0 1.236-7 401E+0 347E+0 401E+0 7.48E+0
Air CHBrF 4.70E+2 57865 1.886+3 1.63E+3 1.886+3 35163
Air Halon—1211 1.30E+3 1.60E4 521E+3 A51E+3 5.21E+3 9.72E+3
Air Halon—1301 6.90E+3 8494 277E+4 2.39E+4 277TE+4 5.16E+4
Air AC-1311 1.00E+0 12367 401E+0 3.47E+0 401E+0 7.48E+0
Air | Sulphur hexafluoride 2.22E+4 27363 8.90E+4 7.70E+4 8.90E+4 1.66E+5
Air Perfluoromethane 5.70E+3 7014 2.286+4 1.986+4 2.28E+4 4.26E+4
Air Perfluoroethane 1.196+4 1.46E-3 AT77TEHA 4136+ ATTEH 8.90E+4
Air Perfluoropropane 8.60E+3 1.06E-3 3.45E+4 2.98E+4 3.45E+4 6.43E+4
Air Perfluorobutane 8.60E+3 1.06E-3 3.45+4 2.98E+4 3.45E+4 6.43E+4
Air | Perfluorocyclobutane 1.00E+4 1.2363 401E4+4 347E+4 401E+4 7.48+4
Air Perfluoropentane 8.90E+3 1.09-3 357E+4 3.09E+4 357E+4 6.65E+4
Air Perfluorohexane 9.00E+3 1.11E3 361E+4 3.126+4 361E+4 6.73E+4
Air CHsOCHs 1.00E+0 12367 401E+0 3.47E+0 401E+0 7.48E+0
Air (CF3):CFOCHs 3.30E+2 4.06E-5 132643 1.14E+3 1.326+3 247E+3
Air (CF3)CH.OH 5.70E+1 7016 2.28E+2 1.986+2 2.28E+2 4.26E+2
Air CFCFCH0H 4.00E+1 49266 1.60E+2 1.39%E+2 1.60E+2 2.99E+2
Air (CF3):CHOH 1.90E+2 23465 761E+2 6.59E+2 7.61E+2 1.42E+3
Air HFE=125 1.49+4 1.8363 597+4 517E+4 597E+4 1.11E+5
Air HFE-134 6.10E+3 7504 24444 2.126+4 2.44E+4 4.56E+4
Air HFE-143a 7.50E+2 92365 301E+3 2.60E+3 301E+3 561E+3
Air HCFE—2350a2 3.40E+2 41865 1.36E+3 1.186+3 1.36E+3 2.54E+3
Air HFE245¢chb2 5.80E+2 7135 2.32EK3 201ER3 2.32E+3 4.34E+3
Air HFE-245fa2 5.70E+2 7015 2.28E+3 1.986+3 2.28E+3 4.26E+3
Air HFE=254ch?2 3.00E+1 3.6956 1.20E4+2 1.04E+2 1.20E4+2 2.24E+2
Air HFE347mec3 4.80E+2 5.90E-5 192643 1.66E+3 1.926+3 3.59%E+3
Air HFE356pcf3 4.30E+2 52955 1.72E+3 1.49E+3 1.72E+3 3.21E+3
Air HFE374pcf2 5.40E+2 6.64E-5 2.16E+3 1.876+3 2.16E+3 4.046+3
Air HFE7100 3.90E+2 4.80E-5 1.56E+3 1.356+3 1.56E+3 2.92E+3
Air HEF7200 5.50E+1 6.776-6 2.20E+2 1.91E+2 2.20E+2 411E+2
Air H-Galden 1040x 1.80E+3 2214 721EK3 6.24E+3 7.21E43 1.35E4+4
Air HG—10 2.70E+3 3324 1.086+4 9.37E+3 1.086+4 2.02E+4
Air HG-01 1.50E+3 1.854 6.01E+3 5.20E+3 6.01E+3 1.12E+4
Table 9. The comparison of integration factors between KOLID and LIME
KOLID(A) LIME(B) Rate(A/B)
Impact category Reference material
($/ton) ($/ton) (%)
Resource depletion Sb 1.98E+01 7.55E+01 26.2%
Global warming CO2 5.62E+00 1.68E+01 33.4%
Ozone depletion CFC-11 4 81E+04 1.84E+05 26.2%
Acidification SOz 1.19E+04 6.51E+02 1,830%
Eutrophication PO 2.10E+03 3.08E+03 68.1%
Photochemical oxidant creation CoHg 2.75E+03 3.90E+03 70.5%
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