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Influence of Non-linearity of /O Relation in Life Cycle Inventory Analysis

Shinsuke SAKAI

Synopsis

: Life cycle accessment (LCA) has been widely used to evaluate the environmental load associated with products, materials and services from

cradle to grave. Most of the effort in LCA so far has been devoted to construct the inventory database because collecting the related data is

tremendously time-consuming process. On the other hand, problems of LCA as a evaluation tool also has to be considered. Typical LCI

methods, such as 1/O analysis and process analysis, assume that the relationships between the input and output for each process are linear. In

fact, most of the relationship between the input and output for processes do not satisfy the linearity and so the influence of the non-linearity

on the result has to be investigated to evaluate more accurate environmental load. This paper formulates the nonlinear analysis in LCA to ex-

tend the normal linearity-based LCA. In the formulation, a method to express the nonlinearity in the general format is newly proposed. Next,

a general system for the evaluation of environmental load is developed using this formulation. It is shown that object-oriented approach is ef-

fective for the development. Using the developed system, influence of non-linearity on environmental load and the derived problems will be

investigated. Finally, an effective method to modify nonlinear data, which is supposed to become important in the future, will be proposed.

Key words : life cycle assessment; non-linear analysis; inventory analysis; process analysis; steelmaking.
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Table 1. Example of process data for mining coal.

Classification | Material | Process data
Input Fuel -0.22x
Input Steel -0.07x
Output Coal X
Load CO, 0.02x
Load S0, 0.08x
0 Xp X, Output x
—0ox
P B
—OX ) - 1
A e
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Fig. 1. I/O relation when linear property is assumed.
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Fig. 2. 1/O relation when non-linear property is consid-
ered.

T2 L TEIOEIREEENS, ELTax 2060
W8 (DF D Coalit) 22D ETHIBEIE, &
TOAMNFERAL T = 2 & x G5 LIZEDTa AN
DETOWISHEE T 2. Fig. 1OHAIZIE, x, 12T 5y0
AN, —ox, EHEET S, ZOLE, x,DILET U
28, RI4OBR%E, GHHEAELITERZ&IIT5, dHHA
CHERIE AN KT E 2 e a0, AHSIBEKRO
BIGEDEIZK D > TOBRDIZH VT, Fig 10X
Szl EDBRIEx, DI b 5 TR LIZD - T B
DTIEFE R ATMEAEHE 2 4, BIEAET 5 Z Lidan,
Kz, EEOAM DR Fig. 20 &5 2B TH B
ZEhhboT, FEDUERARNTOMPALT -4 a%
FAWTIRNT 28585 F A 5, I AR B TIET IR 1%
RS L T BRI AEL T B2 en 6, JERE
BIRIZMIE SIS WT, AR —aTh D, »OFMEE
MY LEMIET LI LIS, ZOBA, YT a2
DT TL 2R, ThHDHEE, ZOFREICHIET S AH
HBER LEOEHPOBETRENSE S, TOBRIZAM
EEMICEBREZHETHS. LIANTUL R IZH
WL TREELEZEFEOANRIEBAEATII AL CHTH 3
5, ZTOInput Y2 F 55 liEDZEIIFREE K ->TL
9. W-T, WEMEAREL GGHiich -7 02 28T,
M FMET 2D E LT S b |IZK L it
285, ELOVGEHliREEDIRLEREE LadhidEs 2
LIFTEAV, BIURRTH BEAITIE, AR OB
BEZOF HRMELERL . HRLEx, DI, 2 b 5T
—EThH D16, AMNREROT— 2L L TZ, HLHRE
DAERGFLTCEBFIEL . 250, JEREBEGROBE
IR BELA X, OB & LTS 20T, AHIBIROL)
FL & G5 5 7280 1213 x, DR RORRE BETH 5.
MEOHE L, IEMEORE, X OHIES L FHHE
EOPRBECIKIFT A 2 L IZh B h, 2 2 TIRIEEEM 2R
KL E LT R A B B, B Al 5 4
BB RIS,

A HIBIRD I &R T RIS IS — e A $572 4 5 7
B, Fig. 30K I BENI NI A -2 hbEFHTSH. OF



1 B(xxo
—0x e : *

A

true relation

assumed linear relation

Input y

Fig. 3. Definition of degree of non-linearity.
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Table 2. Typical developed classes for object oriented sys-

tem.
Class name | Function
Process | Management of data for each process
LCA Management of LCA evaluation including I/O of process data,
Calculation of inverse matrix and evaluation of process value,
; Nonlinearization of specific I/O relation of specific process
Array : Management of one-dimensional array data
Term [ Management of nonlinear relation including calculation of value
| and its differential value
Matrix | Management of matrix data and matrix operation
Curve Management of parabolic curve including specifying measuring
point and calculation point

_|Nonlinearize specific
I/O relation

L4
PROCES?3
AMOUNT

OUTPUT

Constitute global
Matrix

Solve equation by
Newton-Raphson method

Calculate environmental
load

Fig. 5. Schematic drawing of LCA object.
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