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ABSTRACT

A conventional life cycle assessment (LCA) framework mainly evaluates the environmental impacts
associated with inputs and outputs from/to external environment of a product system. However the inputs and
outputs generated from a facility influence not only the external environment but also the working
environment. Therefore, this study developed the methodology that could integrates the working environment
into a conventional LCA framework. It established the general requirements for adjusting the levels of the
system boundary and category indicators in order to integrate appropriately the impacts of both the working
environment and the external environment which have the different characteristics. Thus, this study
introduced Input Qutput Analysis (IOA) technique in order to extend the system boundary to the life cycle
of a product system, and applied the category indicator such as the number of Disability Adjusted Life Years
(DALY), the Potentially Affected Fraction (PAF) and Lost Work Days (LWD) in order to assess the impacts
of end point level. A case study of a petrochemical company in Korea was provided as an example for
illustrating the feasibility of the methodology developed in this study.
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1) EDIP Environmental Design of Industrial Products
2) IVL  The Swedish Environmental Research Institute
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Table 1. General requirements and alterna-
tives proposed
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Fig. 1 Scheme of modified Eco-Indicator 99 methodology
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Fig. 2 Process tree on GPPS production system of company A
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Table 2. The LCI results and the contributions per direct/indirect life cycle stage

Group Name Unit

Total

Contribution

Direct Indirect

(direct/total)
CO, kg 1.06E+04 2.56E+03 7.98E+03 24.22%
Emission CH, kg 9.52E-01 2.21E-01 7.27E-01 23.22%
to air NO, kg 3.10E+01 7.56E+00 2.33E+01 24.41%
SO, kg 1.75E+00 5.00E+00 1.24E+01 28.66%
Emission  BOD kg 1.13E+01 2.69E+00 8.51E+00 23.92%
COD kg 9.82E+00 2.32E+00 7.46E+00 23.58%
to water  gg kg  6.28E+00 1.50E+00 4.75E+00 23.91%
Toxic formaldehyde kg 8.76E-04 3.94E-04 4.79E-04 44.98%
carbon tetrachloride kg 6.51E-04 2.93E-04 3.56E-04 44.98%
substance  pon ene kg 7.11E-03 3.20E-03 3.89E-03 44.98%
vibration pe 1.22E-06 2.84E-07 9.33E-07 23.22%
Occupational  noise pe 2.11E-04 3.22E-05 1.78E-04 15.27%
Health spec. chemical pe 2.83E-06 6.74E-07 2.14E-06 23.84%
metal & heavy metal pe 1.67E-06 3.99E-07 1.27E-06 23.84%
. death pe 3.59E-05 4.33E-06 3.14E-05 12.06%
Occupational 12) .
MOD'? (1) pe 4.99E-07 1.04E-07 3.93E-07 20.77%
Safety MOD (XIV) pe 6.82E-05 1.08E-05 5.72E-05 15.81%
714 0 tiersh 1% tierolde] 1183} wiEE-e 23
#A %3 direct environmental load) 2 2™ tier ©]3}el -
Aol FqiEs wiEEe 7Heelindirect Siggzcat
environmental load)® A<2}s}gdrt. Table 2+ hybrid % AN
method& #4351 2% GPPS AFAAdle] digt | §
ANYEZE % A - AR el glold | ] 2men sSissash
ol mEw, o iEgdn Aol of 10~ | -
40% H=Z A3l A T3l wiEle] il | ween §,~—
Moz 8-S ¥ S gk ol I0A 7S :
ga3lod entire life cycled 2ed8lgdr] =&l 7148 0.00E+00 k
Bralgel Aodes = vepd glem Fold & | i s B s oo
|~ buman health © quality § occupational health safety

stk AAE olakslERAo] 9ol ¥)ES] LCI Ao
A= 3.04one] HAElE o2 metEle) hybridel] 2
& Al oF 30% A= 4l Aoz A=
vy, 7R aAEA] Y AR wWEe Ans
Aoz val A4Sl 43 fdxlrt 211E-0492.
2 A MAEAE oPiths flldAE oM M
A vepgon]  Aqial qkle] Aol AlgRbr)
359E-059, 154 $AA7} 4.99E-0749, 1455 94
27} 6.82E-059 2.2 ZAE )

Table 3& F8 T2 Y3 U 7|9x&

Fig. 3 Total environmental effects on the
external and working environment
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Table 3. The LCl results and the contributions per major inputs of GPPS
) SM Energy Others

Name Unit Total Amount % Amount % Amount %
CO, kg  1O6E+04  1.05E+04 99.05  9.12E+01 0.86 8.98E+00 0.08
CH,4 kg  9.52E-01  9.21E-01 96.75 2.75E-02 2.89 3.42E-03 0.36
NOy kg  3.10E+01  3.07E+01 99.02 2.72E-01 0.88 3.24E-02 0.10
SO, kg  1.75E+00  1.69E+00 96.98 4.49E-02 257 7.82E-03 0.45
formaldehyde kg  8.76E-04  8.33E-04 95.05 3.49E-05 3.98 8.44E-06 0.96
carbon tetrachloride kg  6.51E-04 6.19E-04 95.05 2.59E-05 3.98 6.27E-06 0.96
benzene kg 7.11E-03  6.76E-03 95.05 2.83E-04 3.98 6.85E-05 0.96
BOD kg  LI3E+01 1.11E+01 99.07 8.80E-02 0.78 1.69E-02 0.15
COD kg  9.82E+00 9.71E+00 98.82 9.94E-02 1.01 1.63E-02 0.17
SS kg  6.28E+00  6.08E+00 96.94 1.77E-01 2.81 1.53E-02 0.24
vibration pe 1.22E-06  1.21E-06 98.98 1.08E-08 0.88 1.65E-09 0.14
Noise pe 2.11E-04  1.95E-04 92.57 1.39E-05 6.58 1.78E-06 0.84
spec. chemical pe 2.83E-06  2.74E-06 96.89 6.78E-08 2.40 2.00E-08 0.71
metal/heavy metal pe 1L67E-06  1.65E-06 98.68 1.28E-08 0.76 9.26E-09 0.55
Death pe 3.59E-05 3.41E-05 95.06 1.62E-06 4,51 1.52E-07 0.42
MOD (1) pe 4.99E-07 4.73E-07 94.83 2.38E-08 4.77 1.97E-09 0.39
MOD (X1V) pe 6.82E-05  6.65E-05 97.41 1.59E-06 2.33 1.81E-07 0.27
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Fig. 4 Comparison of environmental impact
per major inputs between hybrid LCA
and conventional LCA
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