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A Generalization of Matrix-based Life Cycle Inventory Analysis
by the Construction of a Regular Coefficient Matrix using the Graph Theory

Ichiro FUKUHARA and Hiroki HONDO

Synopsis:

Background, Aim, and Scope. Matrix-based life cycle inventory (LCI) analysis can be effectively used to
evaluate the environmental impact of a product system including closed loops (e.g. reuse and recycling).
However, the matrix-based method has not yet been widely used because most life cycle assessment (LCA)
practitioners find it complicated and difficult to satisfactorily construct a regular coefficient matrix from a
large amount of input/output data collected from all the processes that compose a product system. The
authors aim to develop a method to construct a regular coefficient matrix, which would enable the widespread
use of the matrix method. The method proposed in the authors’ previous paper can be used to redescribe a
product system as a geometrical figure and construct a regular coefficient matrix using graph theory.
However, the method cannot be used when the geometrical figure corresponding to a product system is a non-
planar graph. The objective of the present study is to improve and generalize the method so that it can be
used with an arbitrary product system.

Methods. First, a product system is redescribed as a geometrical figure by using the five basic components as
is done in the previous paper. The redescribed geometrical figure can be expressed as a graph that consists of
abstract concepts of nodes and edges in the graph theory. Then, a coefficient matrix for the product system is
constructed from the constraint conditions of the product system (e.g. the balance of energy and materials).
Because the coefficient matrix must be a regular matrix, the constraint conditions are required to be linearly
independent of each other. A combination of linearly independent equations can be found by using a spanning
tree that is constructed from the graph corresponding to the product system. A spanning tree can be
constructed from every connected graph irrespective of whether the connected graph is planar or not;
therefore, a regular coefficient matrix can be constructed from an arbitrary product system.

Results and Discussion. A general method was developed to construct a regular coefficient matrix for an
arbitrary product system based on graph theory. The validity of the developed method was demonstrated by
using two simple numerical examples. The authors would like to emphasize that the developed method
contributes to the generalization and the widespread use of the matrix-based LCI analysis. The generalized
algorithm proposed in the present study enables us to construct a regular coefficient matrix and carry out LCI
analysis using computer software. The authors plan to create such software, which would enable LCA
practitioners to easily carry out the matrix-based LCI analysis without having to manually construct a
coefficient matrix.
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}xﬂ@ﬂ (4.29)
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(4.2.10)
EMARD, iFHORBIOTHMIIB T, Tt AP,

NEHTAEAP, A, R(O<R,<1)DHHKTHIET S & X,

AT AR D i B F Oy TR (4211) TREND, 72
L. 7ut AP Ok 7 0 — DK% P, LT 5,
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0 LJEUN JEV
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0 LJFEUNV JEY

Tut AP, OIEE R Z SR LT HLES. BT
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1 sj:u
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IR 20DB Y ZF M2 E 5T,
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AN GELRHYAT A ERE LTIRY iP5, 2o
MY AT AP, BEROEBAPELN, K41 L
TR ZREATIINER S NS, 51HiTIE. 209 H 2%
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SHH—EIMMGFONE T L ZIRT,

210, AMTRETHFROAHREZRTLEZHN
LT, WD o clm S LA TELr o R
VAT AEBIL LTI —ARS T4 BEMT S, OB
VAT AIE, bER50o0 Tk A TH ) LA SIS
57 hoTBY., FPFHZITLERLIZBHY AT LN
FIZHTHIFELEL I L2 RLTWVD, 52HiTid.
REWTEDEPHELD THICHVHLIEMI AT AE
BICLC. K7 T 72 bHA10h. ABOTIEIC
Lo THP—RITROONDE Z L E2RT,

51 ¥4 NV EECHRY AT L

(1) WY 27 2BIDFH

AN EEERL Y ATFA0ME LT, KILIZRT
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LENEYHA 2 VBEFLD 2BEVER L2 SO
WY ZF A, 10O TRl 2200 H4 7 VT
PALBZRD, LT, PP, bR EASH, Py,
TR, Py TY YA 7 VAVEE SRS, 72, Pldil
DB AT 2R Z G T 2R T a2 TH b,
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¢ x1+qgx1—gyxP =0 (5.1.1)

(Fat AP, DfE 7 7 —DREKP,;=1.5)

R, 7O AP-PyOM 70— Es o Tld, 7HLR
PsCHESNIZMA T O APIIHEAEINTWS, 71
EAPHIHRA SN DM, 70t Z{GE) i g ISR 7 10—
BREP &R L7ETH Y. X (512) DT ¥ ZAKXDIK
DD, FERIZ. THEAPy-PBOM 70— Ey (D5
R EES .

s x1=qgx Py =0 (5.1.2)

(Fat AP, DORE 7 T — DREP,H=12)

IhHzEEDLIITH A EX (513) 1TRT.

(3) BWAZHW L 7 Y 3 V4 E BRSO

B12TiE. L7 ¥a YR 5l GiEe LT
L7 ¥avS, S RUSHUIEZOHNT VS, 328i0F
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ZROT 5, TOWEIZ, BICHBEAIRESN TV
Btd. Zo&MEENRYT 5, 20261%K13(b) £X13
(c) 1ZmR¥,

K13 (b) Tk, A4 7V ZHEET 2L 7 ¥ a YoM
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59 %o T, BB HF FRMEIRES N TV,
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I NWERE LR WRE3OTARS X220 HOB R &ML 1€
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YL 7 ¥ a v OIS E SRS 2 R T ATE A
F. K13 (b) T (5.14). F13 (c) T (515) &
REND. Tl BRARZ FVid, a=(0,--,0,1,1) &£ % 5,
72721, TIFREATHZ R,

AT Ay & Agp 3N (429) XHE-> THIA L, 71
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ERONG v ZAXEESL, K13(b) Tk (B16) &40,
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X GL6) &KX (17 ZZhZhE L, TR0
WEHEANR 2 MV qidR (5.1.8) RS A SN D,

(P1 P, P; Py Ps Pg Py Py Py Py Pp
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Ay= S4| 0 0 0 0 0 -1 -25 0 0 0 1 (51.3)
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q=(.513,17,1.50.251.0,0.082,1.0,0.21,0.14,1.2)

(5.1.8)
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