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1 Introduction

A necessary condition for achievement of sustainable waste management requires the minimization
of environmental impact. However, it is almost impossible to find out an “optimal” waste man-
agement option, or an environmental impact-minimizing waste management option, from among
a quite large number of alternative feasible options by trial and error without using a systematic
analytical method which fully takes into account that there are highly complicated inter-sectoral
relationships with regard to the flow of goods and the flow of waste associated with it. It is thus
desirable that one can systematically obtain an “optimal” waste management option with regard to
a given objective function from among a given set of feasible alternatives. Even if we know what an
“optimal” waste management option is, its effects cannot be materialized unless the introduction of
it is also economically affordable. It is thus desirable that both environmental impact and economic
cost of a waste management option are evaluated in a consistent way.

The purpose of this paper is to propose a new methodology for searching for an “optimal”
waste management option and evaluating its economic cost; the option is found optimal from the
viewpoint of life cycle assessment (LCA). The methodology is based on a joint use of the two
extensions of the waste input-output (WIO) model (Nakamura, 1999; Nakamura and Kondo, 2002a).
One is the WIO linear programming (WIO-LP) model (Nakamura and Kondo, 2002¢; Kondo and
Nakamura, 2004b) that searches for an “optimal” waste management option with regard to a given
objective function from among a given set of feasible alternatives. 'The other is the WIO price model
(Nakamura and Kondo, 2002b) that evaluates the cost and price of sectoral outputs including waste
management services under full consideration of the interdependence between the flow of goods
and the associated waste stream. |

The applicability of the proposed methodology has been illustrated by a case study for Japanese

- waste management options of both municipal and industrial origins. As alternative waste manage-
ment options we consider regional concentration of incineration combined with different incinera-
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tion options with regard to energy recovery and treatment of residue, gasification of organic waste,
alternative recycling technologies of end-of-life appliances, and alternative ways of recycling re-
covered materials.

The structure of this paper is as follows. The first part of Section 2 gives a brief summary of the
WIO model (the WIO quantity model) to readers who are unfamiliar with it. We the proceed in the
second part of Section 2 to the description of the joint use of the WIO price model and the WIO-LP
model, which is the main topic of this paper. Section 3 then shows empirical results obtained by
applying the Japanese WIO models to a search for an “optimal” waste management option and an
evaluation of its economic cost. Concluding remarks in section 4 close the paper.

2 The Waste Input-Output Models

2.1 The Quantity Model

We briefly review the WIO quantity model (Nakamura, 1999; Nakamura and Kondo, 2002a) in this
section. Let there be n' goods- and service-producing sectors (henceforth “goods sector”), n” waste
treatment sectors, and n% waste types, and define n := n'+n". In order to keep notations simple,
we define the sets of natural numbers referring to each of these sectors and waste types by N' :=
{1,...,A L, N = {d+1,...,n +n"} = {n'+1,...,n}, N:= NTUNT, and N¥ = {1,...,ns% }.
We then denote, for sector J, its output by X, the input from sector i by X, ;, the generation of waste k
by We and the input of waste & by We G, Jj e N, ke N¥). For a waste treatment sector, its “output”
is mcasured by the amount of waste that it treated. Similarly, we denote the final demand for good
by Xir, the generation of waste k from the final demand sector by ka , and the input of waste & into
the final demand sector by We (€N, ke NV). We denote by Wy, == =W — ¥ We the net generation
of waste k from sector j. When W;; > 0, sector j generates a greater amount of waste & than it -
uses as input, and creates a positive demand for waste treatment. On the other hand, when W; <0,
sector j reduces the amount of waste k that has to be treated as waste. The sum of Wy;’s for all j,
w,. then gives the total amount of waste k that undergoes waste treatment,

Let a;; := ij /x; be the conventional input cocfficient, gk /x be the waste generation
coefficient, gkj /x , be the waste input coefficient, and gkj g g,‘,‘j be the net waste
generation cocfﬁc;ent (k € NV, j € N). Let S denote an n't x n% non-negatlve matrix whose (I,£)-
component s, represents the share of waste & that is treated by treatment method i; the equality
E,f: 1 Sit = 1 holds by definition for every k € N¥, We call § an ‘allocation matrix’ because it rep-
resents an allocation pattern of wastes to treatment methods. We then have the following equations
for the output of goods, the net generation of waste, and the amount of waste treatment:

= 2, g 5t 2 o+ (1), | )
JENT
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Xp = Z SiWr (l ENH), | : (3)
keNY

or in an obvious matrix notations,

X = AI,IxI + A Xy +X1,Fa _ 4)
w=G X +G6 gy + W5, (5)
¥y =Sw. - . ®

Inserting (5) into (6), we have
xy =S8G. 5, +5G. gxy +SW.z. Q)

In order to obtain an IO model that can analyze issues of waste management and _recycling,
Nakamura (1999) and Nakamura and Kondo (2002a) developed the waste input-output (WIO)
model. In terms of WIO, the solution of the above system of equations (4) and (7) is given by

Xt - 441,1 Ax,u XI,F
[xu} - (I,, [S G, § G-,HD [S Wrl’ ®

where I is an identity matrix of order n. The environmental 10 (EIO) model of Leontief (1970),
Leontief and Ford (1972) and Duchin (1990) corresponds to a special case of (8) where S is an
identity matrix of order #". The condition S = Z,u implies that there exists for each pollutant one
and only one abatement method that treats no other pollutant but that pollutant. This condition
hardly holds in the reality of waste management because, in general, there is no one-to-one corre-
spondence between a waste and its treatment method. For instance, the following cases cannot be
dealt with if the unrealistic condition § = I is imposed: (i) the number n¥ of waste types is, in
general, much larger than the number #" of treatment methods, that is, the allocation matrix S is
not square; (ii) garbage can be composted, gasified, incinerated, and/or landfilled, that is, a column
of the allocation matrix can have more than one non-zero components; (iii) any solid waste can
be landfilled (MacDonald, 1996), that is, a row of the allocation matrix can have more than one
non-zero components (see Nakamura and Kondo (2002a) for further details of the WIO quantity
model}). |

Let there be #* types of environmental loads under consideration. Let us denote by R, foran
n® x ' matrix of the emissions from a unit of output in goods sectors and R. ;; for an n® x n"" matrix

of the emissions from a unit of output in waste treatment sectors. The vector of total emissions ¢ is
then given by

e=R x+R xy+E;

— | 4 Ay - X g
=[Rs Ry (I [SG.,I ¢’ AR ©)

where E_ , refers to the direct emission from the final demand sector. Using (9), one can carry outan
LCA study by evaluating the emission e associated with a given scenario which consists of goods-
producing technologies (4,,,G.;,R. ), waste treatment technologies (4; ;,G. ;,R. ;;), consumer’s
life style (X; 5, W. 5, E. ;}, and an allocation pattern of wastes to treatment methods (S).
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2.2 The WIO Price Model

We now turn to the aspect of cost and price of the WIO model, the WIO price model (Nakamura
and Kondo, 2002b). Let p ; be the price of output of sector j (j € N), p}¥ be the price of waste k
(ke NW), ¥; be the cost for primary factors of production that includes depreciations as well as taxes
less subsidies, and U;; = 0 be the quantity of waste k (k € N¥) that was used as input in sector j
(/ € NU{F}). This explicit consideration of the transaction of waste materials distinguishes the
definition of costs in the WIO from that of the conventional IOA. Note that the price py of waste is
not necessarily positive. Based on its sign, three cases can be distinguished: the waste is valuable
when p} > 0; it has no value but can be accepted by other sectors as input with no charge when
Py =0; and it has no value and its acceptance needs a positive charge when p}’ < 0. Henceforth,
we call U, ; “sale of waste” regardless of whether the price of waste & is positive, zero, or negative.

In the input-output account system we have the identity that equates the value of output to the

total cost. Considering the trade of waste, this identity can be given for sector j (j € N) By
IEIEDW TSN - Slk(gg‘xj —Up+ Y Pfgng -y YUy +vix;, (10)
iEN | JeNT  keNW keNY FEN™

~ - —~ ;N — S

= ®) (©) (d) (e)
where v; 1=V, /x; refers to the cost for primary factors of production per unit of output. The cost can
be decomposed into five parts: (a) the cost for the input of goods, (b) the cost for waste treatment,
(c) the cost for the input of waste materials, (d) the revenue from the sale of waste materials, and
(e) the cost for the input of primary factors. The terms (b), (¢), and (d) are unique to the WIO price
model. When there is no recycling, Uy; = 0 holds for all ¥ € N¥ and j € N, and the terms (c) and
(d) vanish, while the term (b} reduces to the treatment cost of wastes generated in the sector. The
term (b) indicates that the amount of waste for treatment is reduced by the amount of Uy -

While the term Uy, plays an essential role in the cost equation (10), it does not occur in the
system of equations for the WIO quantity model (8). It is thus necessary to establish the relationship
between U ; and the elements occurring in (8). Let denote by U, i the amount of waste & generated
by sector j that was used as input in sector i (i € N, j € NU{F}, k€ N%). Suppose that W2 = 0, for
the sake of siinplicity; the household does not “directly” participate in recycling in the sense that it
does not directly use waste, while they would indirectly participate in recycling by purchasing goods
made of recovered waste or produced by using waste heat. Suppose also that the classification of
waste is so detailed that the user (recycler) of a given type of waste is indifferent to its origin; the
portion of waste k used in sector / that originates from sector j would then be proportional to the
share of sector j in the total generation of that waste, i.e., U ; = w2 ( Wk? / W2). It then follows

Ukag‘NUkﬁzZ;‘VWJ:?(Wg/WP)=Wk?(Wke/W!?)zgg‘xf(%e/%$)‘ (1)
i =

where the first and third equalities hold by definition and the assumption that Wg = 0. Letting r,
denote the rate of recycling of waste k with r, := W2 /W2, we obtain

Uy = 8t . (12)



Insertion of (12) into (10), division of both the sides by x ;» and rearranging terms yield the following
expression of the price equation:

pi= X pay+ X b %, spll-ref+ 3, bl (g —nef)+v; (13)
ieM leNt  keNV keNV

Using obvious matrix notations, (13) can be rewritten as

A 4
[PI _Pn] = [PI Pu} [S(I,,w __I:I[))G?I S(Lw _I%)G%}
+p% [G3-DG% G, -DGE]+ v wi, ' (14

or in a more compact way as
—_ AI!' W — .

where p = (p;,py) = (P, ., n)s v= (V) = (V-0 ), P¥ = Yy - p0), D is a diagonal
matrix whose (,k)-component is ry, 4y, = (4;,4y ), G® = (G%, G%), and G° = (G5, GS,). The
solution to the WIO price model (15) can then be given by

p={p"(G° ~DG®) +v) (;,, _ [S(Inwxa_l,b)c;e] )““ (16)

Recall that, using the WIO quantity model (9), we can perform an LCA study by evaluating the
emission e associated with a given scenario which consists of technologies, life style, and an allo-
cation pattern of wastes to treatment methods, Using the price model (16), we can also evaluate the
aspect of price and cost of a given scenario,

2.3 The WIO Linear Programming Model

We have so far considered the technological coefficient matrices and the allocation matrix to be
constant. It has been considered, in other words, that there exists only one technology for each
goods and a given allocation pattern of wastes to treatment methods is unchanged. In this section,
we take account of the possibility that there exist alternative goods-producing technologies and
an allocation pattern can be changed. In order to consider this possibility, Nakamura and Kondo
(2002¢) and Kondo and Nakamura (2004b) developed the waste imput-output linear programming
(WIO-LP) model that is a decision analytic extention of the WIO quantity model based on the
method of linear programming (LP). Application of LP to process LCA has been considered by
Azapagic and Clift (1995, 1998) while the WIQO-LP model is an application of LP to the WIO
quantity model for hybrid LCA.

We first consider the selection of goods-producing technologies. Recall that, in Section 2.1,
there were »' goods and #' goods sectors, that is, the possibility of selection of technologies were
excluded. Now let there be n' goods and ' technologies for producing them such that #* < m!. Note
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that the input coefficient matrix 4, is of #' X m' and is not square in general. The balance equation
(4) of the flow of goods is rewritten as

Jxy = Ay x + Aynxn + X, an
where .J is an #' X m' matrix of zeros and unities, and its (7, /)-component J;; is defined as

1 technology j produces goods i,
Jiy = _ (18)
0 otherwise.

It is not necessary to introduce another notation like m" so as to consider the possibility of
selection of waste treatment technologies because the WIO model can contain an arbitrary number
of waste treatment sectors regardless of their activity levels. Thus, the only thing to do here is to
replace a constant allocation matrix S with a variable one.

The basic form of the WIO-LP model is defined as a minimization problem:

minimize u(Rx;+R yxn+E.p) (19)
subject to Jxy = Ay x+ Ay xn + Xy, (20)
w=G1x+G nxu+W.r, Xu=S8Sw, cn
LS =1, (22)
X1 2 O, Xp 2 O, § 2 Opu v, (23)
with respectto  xy, xir, w, S, 24

where 1, is an 7 X 1 vector of unities, 0, is an n x 1 vector of zeros, Op » is an m x n matrix of
zeros, and the superscript T refers to the transpose of a matrix or vector. The objective function (19)
may be a specific emission or an integrated indicator of various emissions, depending upon a given
1 x nE vector u of weights,

The minimization problem above is not an LP due to the presence of a nonlinear constraint,
xy = Sw, in (21), so that the name “WIO-LP” might seem inappropriate. To rewrite the above
nonlinear problem as an LP, we replace the constraints (21) and (22) with

Z¥ tyn = Gua+Guxn+Wpr, xu=Ziw, (25)

and the non-negativity condition Z > Opn ,w. To summarize, the basic form of the WIO-LP model
is redefined as an LP:

minimize (R yxi+ R yxg+E. 5) (26)
subject to Jxp = Ay x +A1,11x11 + X1z, 27
Z = Gaxi+ Guuxn+Wop, Xn=Ziw, (28)
X1 2 Opy x11 2 Oty Z 2 Opn yw, (29)

6



with resiaect o xp, Xy, Z. (30)

One may take into consideration additional constraints such as the capacity of a recycling sector, that
of a treatment sector, and environmental regulations. Solving the above LP, we can systematically
obtain an “optimal” waste management option from among a given set of feasible alternatives.

2.4 Joint Use of the WIO-LP Model and the WIO Price Model

We now turn to explaining how to evaluate the aspect of price and cost of the WIQ-LP model. Our
task here is to obtain the allocation matrix and technological coefficient matrices of goods sectors
that correspond to a given optimal solution to the WIO-LP model. Let denote by (X ,.ﬁl,f) an
optimal solution to the WIO-LP model. The allocation matrix S corresponding to the solution is
casily obtained as

S=Z{diag(Z 1)} (1)

by normalizing each column of Z so that each column sum is equal to unity.
Turning to the coefficient matrices of goods sectors, define an m! x n* matrix C as

C = diag(x)J" { diag(/57) }~".
Suppose for a while that n! =2, m! = 5, and
11
= [0 0
Le., technologies 1 and 2 are for producing goods 1 and technologies 3, 4, and 5 are for producing
goods 2. In this case, C can be written as

0060
1 1 1)

C = diag(%)J" { diag(J7) }!

xq 0 *11/452 0
0= - -1 0
= x{x]z o I - A = xﬂ{}qlz X3/
0 Iy 0 X33 + X4 + X5 0 X /9';:; ’
0 x5 0 x5/qa4s

where gy, = x;1 +x12 and ga45 = X13 + X34 +X;5. Note that each column sum of C is equal to unity;
the (/,#)-component of C represents the share of goods 7 that is produced by technology j. Thus,
the technological coefficient matrices (4 11> G.1s R, v;) of goods sectors are defined as

Ay =4yC, G =G,C, R,;=R,C, %=vC. (32)

Right-multiplying a technological coefficient matrix of goods sectors, which has m! rows, by C
yields a matrix of »' “average” technologies, where the *average” is taken so as to reflect the market
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shares obtained as an optimal solution x;. Going back to the above case where n' =2 and m' =5,
we can see how the “average” is taken:

AI,I_—"Ai,IC
351/912 0
xIZ/Qu _ 0
=[Ay A 4 Ay As]| O X3/gus
0 2a/qys
_ g x15/9345
X1 X132 X13 Xi4 - X5
Y L R 3 A+ 455 4 ]
‘ [‘Ilz-l'l 912 L2 9345 L3 9345 14 UEYD L3

The solution to the WIO price model corresponding to a given optimal solution (x;,x,Z) can thus
be cobtained as

71 pu) = (Pw [6?1_5563 G% —DG%] + [ Vn])
x'.[ _In‘_XI —4n ]_1

~8(Lw —D)G® Iy —S(Iw —D)G%y (33)

where the matrix D of rate of recycling has a bar on top of it because it depends upon the optimal
solution (xy,xp, Z ) to the WIO-LP model.

After obtaining an “optimal” waste management option expressed as an optimal solution to the
WIO-LP model, we can evaluate the aspect of price and cost of the option using (33). In other
words, once a waste management option is found environmentally sound, we can evaluate how
economically affordable the option is.

3 Empirical Analyses

We applied the WIO-LP model and the WIO price model to the Japanese WIQ table of 1995 (Naka- -
mura, 2003), which has 80 goods sectors, 4 waste treatment sectors (incineration, landfill, com-
posting, and shredding), and 42 types of waste. We deal with import and export in a standard
manner although we have so far ignored them for the sake of simplicity. To be concrete, we con-
sider only the domestic products in the balance equation of the flow of goods using the so-called
“(I - (I— M)A)~-type” of inverse matrix. Therefore, we account for the environmental loads emit-
ted inside Japan in our empirical analyses.

As for environmental emissions, we consider the two loads. One is the consumption of landfill
site in volume. The other is the CO; emission originating from burning fossil fuel and limestone.
It also includes the global warming potential over 100 years (GWP100) CO,-equivalent value of
methane (CHy) originating from biomass fermenting at landfill sites and that of chlorofluorocarbons
(CFC’s) from end-of-life refrigerators and air conditioners. The main reasen why we consider quite
a small number of environmental loads only is the lack of appropriate data. However, the two
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environmental loads are appealing in their own rights, A landfill site is one of the scarce resources
at least in Japan. It can, in addition, be regarded as an environmental impact if reclaiming of a closed
landfill site is technologically excluded in the foreseeable future. The CO; emission can be regarded
as a proxy, or afirst approximation, of a greenhouse gas impact, where we assume an input-output
- structure same as the Japanese structure prevails in relevant foreign countries.

Kondo and Nakamura (2004b) considered various alternative goods-producing and waste man-
agement technologies, and allocation patters of waste to treatment, and obtained the results sum-
marized in Table 1. The considered technologies, besides ones given in the Japanese WIO table of
1995, are as follows: (H) Intensive disassembling and shredding of end-of-life electric home appli-
ances with high yield rates (AEHA, 1999; Kondo and Nakamura 2004a); (I) Regional concentration
of incineration (Nakamura and Kondo, 2002a); (G) Gasification of kitchen garbage with power
generation (JAFIC, 2002); (B) Injection of waste plastics into blast furnaces (Sanou et al., 2000);
(R) Substitution of virgin materials (iron, copper, aluminum, and silica stone) with recycled mate-
rials (iron scraps, copper scraps, aluminum scraps, and glass cullet, respectively) recovered from
end-of-life electric home appliances (Yoshida et al., 2000; Kondo and Nakamura 2004a). Kondo
and Nakamura (2004b) also employed several sorts of additional constraints in order for unrealistic
solutions to be ruled out.

The symbols, A, Cl1, L1, C2, and L2, in the first row labeled ‘Case’ in Table 1 indicate the
possibility of selection of alternative options and the objective to be minimized, Case A corresponds
to the current status of Japan in 1995. In Cases Cl and L1, the allocation pattern of wastes to
treatment methods can be optimally selected while any additional recycling technologies cannot be
chosen,; this is the case with 7' = #!. In Cases C2 and L2, both the allocation pattern and additional
recycling technologies can be optimally selected. The objective function to be minimized is the
CO; emission in Cases C1 and C2, and the consumption of landfill site in Cases L1 and L2.

The middle of Table 1 shows which technologies are chosen as components of an optimal so-
lution. It is found that alternative technologies selected at optimality depend upon the possibility
of selection of alternative options and the objective to be optimized. In Cases Cl and C2 where
the CO; emission is minimized, garbage is not gasified but incinerated with the regional concentra-
tion and waste plastics are not incinerated but injected into blast furnace or landfilled. In Cases L1
and L2 where the consumption of landfll site is minimized, on the other hand, reducing the bulk of
wastes is of great importance, so that garbage is gasified or incinerated with the regional concentra-
tion and waste plastics are injected into blast furnace or incinerated with the regional concentration.
In particular, waste plastics are injected into blast furnace at optimality in all the cases up to the
capacity. The optimal treatment method for the remaining waste plastics varies across cases: on the
one hand, the incineration with regional concentration is chosen when the consumption of landfill
site is minimized, on the other hand, landfill is chosen when the CQ, emission is minimized,

In minimizing CO, emission, it decreases by 5.0% in Case C1 and by 5.3% in Case C2; opti-
mizing allocation pattern of wastes to treatment sectors is quite effective in the reduction of CO,
emission. However, in minimizing CO, emission, the consumption of landfill site increases by 9.2%
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Table 1: Main results of Applying the WIO-LP and price models to Japanese economy

Case A C1 L1 c2 L2
1. Alternative waste treatment technologies
(L) landfilling yas yes yes yes yes
(S) old shredding yes  yes yes yes yes
(H) new shredding : no yes yes yes yes
{1} regional concentration no yes yes yes yes
(G) gasification no yes yes yes - yes
2. Alternative recyciing technologies
(B) blast furnace no no no yes yes
(R} recovered materials no no no yes yes
Objective to minimize? CO» s COs LS
Alternative technologies chosen at optimality®
garbage | G/l | G-
waste plastics L. | B/L B/l
TV sets L H S H
washing machine L H H H
refrigerator, air conditioner H H H H
metal scraps L L R R
glass cullet L L R/L R/L
Environmental load emission® -
COs 0.00 -4.97 406 -533 -4.45
landfill consumption 0.00 922 -26.02 5.22 -27.95
Activity level, cost, and price of waste treatment methods®
activity level: incineration 0.00 -557 -13.86 -563 -14.95
landfill 0.00 2.38 974 -1.01 -1285
all the treatment methods  0.00 -1.94 039 -2.83 -2.58
price: incineration 0.00 -2.10 358 -2.19 4.51
landfill 0.00 2.46 -2.92 1.92 -1.77
all the treatment methods  0.00 -5.56 871 -3.97 10.23
cost: incineration 000 -755 1077 770 1111
landfill 0.00 490 -12.38 0.89 -14.39
all the freatment methods 0.00 -7.39 8.29 -6.68 7.38

Source: Kondo and Nakamura (2004b),
® 'LS' stands for ‘cansumption of landfill site’,

b Chosen technologies are indicated with symbals in the upper part of the table. However, two symbols connected by a stash,
say ‘G/l', indicate that a typa of wasta is gasified up to the capacity of the gasification, and the remaining part of that waste is

treated by regionally concentrated incineration.
¢ Rate of change relatlve to the currant stetus (A} in percentage.

in Case C1 and by 5.2% in Case C2. It is found that there exists a trade-off relationship between
our two objective functions, CO, emission and the consumption of landfill site. That is, the one
of the two objectives increases when the other is minimized and reduced. A trade-off relationship
between the two objectives is also observed in Cases L1 and L2 where the consumption of landfill
site is minimized, although both emissions decrease in these cases,

Tuming to the aspects of cost and price of optimally chosen waste management options, in

Case Cl, the total cost of landfill increases by 4.9% due to the increase of both the activity level and
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price of landfill. In minimizing CO; emission, waste plastics not recycled are landfilled, some of
which newly come to be landfilled as a result of optimization. This change of the allocation increases
the activity level of landfill and worsens the efficiency of transportation because waste plastic is
bulky. The increase of price due to a decline in the efficiency of transportation is also observed as
follows: the price of incineration increases in Cases L1 and L2, and the price of landfill increases
in Case C2, The costs of both incineration and landfill fall by 11.1% and 14.4%, respectively, in
Case L2, although the price of incineration increases by 4.5%. However, the total cost of all the
reatments increases by 7.4% because the average price increases by 10.2%. This is partly due to
the introduction of high-tech treatment methods such as intensive disassembling and shredding with
high yield rates,

4 Concluding Remarks

This paper has proposed a joint use of the WIQ-LP model (Nakamura and Kondo, 2002¢; Kondo and
Nakamura, 2004b) and the WIO price model (Nakamura and Kondo, 2002b). The WIO-LP model
is an decision analytic extension of the basic WIO model (Nakamura and Kondo, 2002a) and it can
be used to systematically search for an “optimal” waste management option from among a given set
of feasible alternatives. After obtaining an environmental impact-minimizing waste management
option expressed as an optimal solution to the WIO-LP model, we can evaluate the aspect of price
and cost of the option using the WIO price model. In other words, once a waste management option
is found environmentally sound, we can evaluate its economic affordability. Empirical application
of the proposed methodology to the Japanese economy of 1995 revealed that there exists a trade-off
relationship between CO, emission and the consumption of landfill site and that the efficiency of
transportation crucially affects the price of waste treatment,
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