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Introduction

Waste has been throwing a serious issue to our present society. To cope with this issue, a terminology
“zero-emissions’ has very often been used at various phases. As this name suggests, the concept of
zero-emissions implies a social system where no waste is discharged ultimately. This concept was ini-
tially advocated by United Nations University in 1995 (Capra and Pauli, 1995), and since its initiation,
study of zero-emissions has attracted many researchers, in particular, in Japan (Suzuki, 2000).

Looking at the current study situation , however, it has still stayed at an initial stage. For example, stud-
ies have been concentrated on the kind of materials used, or the kind of waste generated in a specific
production system (Suzuki, 2000).

Besides the natural science or engineering approach, study of zero-emissions has been a considerably
unexplored field in environmental economics despite the fact of potentially attractive and important
theme. For example, it would be significantly worth examined how the economic impacts of promotion
and realization of a zero-emissions oriented society would be. But there have been little attempts for this
topic in environmental economics.

Taking these backgrounds into account, this article aims to extend the authors’ previous study concern-
ing this field (Miyata and Pang, 1999a and 1999b), and then to evaluate the possibility and economic
impacts of the zero-emissions oriented society taking Aichi Prefecture in Japan as a study region. More
concretely, this paper emphasizes a CGE-modeling approach to evaluate the following contents: reduc-
tion in the volume of final unused materials due to improvement of recycling rates resulting from tech-
nological progress, changes in the scale of waste recycling and abatement activities, industrial structural
change towards a zero-emissions society, and impacts of environmental subsidies for promotion of a
zero-emissions oriented society.



German-Japanese Workshop on Integrated Approaches towards Sustainability

Economic and Material Circulation Accounting Matrix

The authors have already proposed an economic-waste accounting matrix in their previous studies
(Miyata and Pang, 1999a and 1999b). Instead of the former concept, the present paper introduces a sig-
nificantly extended new accounting matrix. The structure of this new matrix is illustrated in Table 2. In
the new accounting matrix, waste generated by each industry is classified into more detailed categories
1.e. 26 types. And then recycling, internal and external abatements are considered for each type of waste
of each industry.

Table 1 Classification of Recycled Commodities

. . . 6 digit classification 2 digit classification

recycled commodities abbreviation corresponding waste 0 1O table 0 /O table
recycled construction materials 1 RCI cinder and slag other non-metallic ore mining
recycled construction materials 11 RCII g;%lagé;sstliiﬁi’nlazigtznlc sludge, gravel and quarrying mining
recycled construction materials III RCII soot and dust other non-metallic ore mining
compost COM animal waste organic fertilizers beverage and feed
recycled organic fertilizers ROF organic sludge organic fertilizers beverage and feed
recycled organic fertilizers and feeds ROFF animal and vegetable residue organic fertilizers and feeds beverage and feed
recycled fiber RF waste fiber fabrics fabric and textile
recycled wooden products RW waste wood timber, plywood, and wooden chip | wooden product
recycled pulp and paper RPP waste paper pulp and paper pulp and paper
recycled chemical fertilizers RCF cinder, inorganic sludge chemical fertilizer chemical
recycled acid and alkali RAA waste acid and alkali inorganic chemicals basic products | chemical
recycled oils RO waste oil petroleum refinery products petroleum refinery and coal
recycled plastics RP waste plastic plastic products plastic
recycled tires RT waste tire tires and inner tubes rubber
recycled rubber RR waste rubber rubber products rubber
recycled glass andl RG waste glass and porcelain glass, and miscellancous ceramic, ceramic, stone, and clay
construction materials IV stone and clay products
recycled iron RI slag and waste metal crude steel iron and steel
recycled non-ferrous metals RNF slag and waste metal non-ferrous metals non-ferrous metal

Moreover, waste recycling , internal and external abatement activities are explicitly specified with their
factor inputs, 1.e. intermediate, labor, and capital inputs. Recycled materials are discriminated from vir-
gin commodities, being in turn used as intermediate and final goods. Table 1 depicts the classification of
recycled materials.

Table 3 shows an estimation result of the new economic and material circulation accounting matrix in
anaggregate format. The original format of this matrix is composed of 34 industries, 18 recycling activi-
ties (R-activities), 34 internal waste abatement activities (S-activities), one external waste abatement ac-
tivity (C-activity), the government, aggregate household, capital, labor, capital account, and the external
sector. Industries, R- and S-activities are aggregated into respective sectors yielding Table 3. Here,
C-activity is defined as an aggregate activity that is composed of waste abatement firms and public
waste abatement activities.

From this table, one can see that industries in Aichi Prefecture totally produce 66 trillion and 75.95
billion yen of output in 1994, generating 16.84 million tons of waste (including industrial general waste).
Households earn 26 trillion and 63.04 billion yen of income, consume 15 trillion and 16.23 billion yen,
and discharge 2.14 million tons of waste.

2.80 million tons of industrial waste is disposed by S-activities at the cost of 3.9 billion yen. 5.92
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million tons of industrial and household waste is treated by C-activities at the cost of 16.1 million yen
Finally, 10.25 million tons of waste is recycled costing 24.02 million yen.
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Figure 1 Hierarchical Structure of the Economic and Material Circulation CGE Model
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Table 3 Estimated Economic and Material Circulation Accounting Matrix of 1994 Aichi’s

Economy
produc tion recyclhg waste abatem ent e .
activities activities activities hstitution productbn factors capital extemal total
seveli el ~onsikne accum uhtion sector
34 hdustries 18 m(jyf,Lng self consgned govemm ent| households capital Tabor
actiies abatem ent | abatem ent
production . . - r
activiths 34 industries 35,476,581 172,849 2,669 29,541 1,962,981 | 15,162,063 0 0 7,337,704 6,615,136 66,759,524
recyeling {18 reoyclig 239,816 55 0 8 0 227 0 0 31 0 240,167
actves actvies
waste self-abatem en 3,875 0 0 0 0 0 0 0 0 0 3875
abatem ent e ——
activitis consene 96,280 0 0 0 57,085 7,643 0 0 0 0 161,008
abatem ent
S govemment 2,285,022 9,166 0 3,152 0 6,118,189 0 0 0 1,324915 9,740,444
hstitution
households 0 0 0 0 2,149,822 0 8,008,547 | 16,197,355 0 274,696 26,630,420
production capital 7,518,146 28,719 91 13,483 0 0 0 0 0 448,107 8,008,547
factors labor 16,672,090 17,411 629 103,499 0 0 0 0 0 253257 17,046,886
capital fihance 4,467,684 11,967 486 11,324 1,753,243 | 5,342,298 0 0 0 232,738 11,819,740
extemalsec tor 0 0 0 0 3,817,313 0 0 849,531 4,482,005 0 9,148,849
total 66,759,525 240,167 3875 161,008 9,740,444 | 26,630,420 | 8,008,547 | 17,046,886 | 11,819,740 9,148,849 | 149,559,461
waste generatibn 1095 _ -5
/recyclg/abatem ent 16,837 10,250 2,800 5,923 0 2,136 0 0 0 0 0

Note:Fiures h transaction of econm i sectors are h m illion yen, whik waste generatn/recycling/abatement are h thousand tons

The Model

The proposed model in this study is static one similar to our previous model. Figure 1 graphically illus-
trates its hierarchical structure. This section explains details of the model.

A. Main Assumptions of the Model

Main assumptions made for the model are summarized here, however, there are many additional as-
sumptions made in the model. Those will be explained at appropriate places to avoid unnecessary com-
plexity.
(1) 1994 Aichi’s economy is examined. Economic agents are households, 34 industries, 18
R-activities, 34 S-activities, C-activity, the government, and the external sector. Waste dis-
charged by industries and households are classified into 26 types.
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(2) R-activities process a part of industries’ and households’ waste, and supply recycled goods as
intermediate and final commodities. R-activities are assumed to take firm’s behavior.

(3) Each industry is equipped with its own S-activity. Each S-activity is assumed to abate only
waste which is discharged by its associated industry. Operation of each S-activity is managed
by its industry.

(4) C-activity is composed of public and private abatement activities, and disposes of industrial and
household wastes that are neither recycled nor self-abated. C-activity is assumed to take firm’s
behavior.

(5) Recycled goods are discriminated from virgin goods.

(6) 55 markets are considered in the model. They are 34 virgin commodity, 18 recycled commodity,
one external waste abatement service, labor, and capital markets. These are assumed to be per-
fectly competitive, and in equilibrium in 1994.
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Table4 Classification of Industries

industry abbreviation Industry abbreviation
1. agriculture and forestry AF 18. metal product MT
2. fishery FS 19. general machinery GM
3. mining MI 20. electric machinery EM
4. food FO 21. transportation equipment TE
5. beverage and feed BF 22. precision machinery PM
6. fabric and textile FT 23. other manufacturing oM
7. wooden product WD 24. construction (6(0)
8. furniture FU 25. electric power EP
9. pulp and paper PP 26. gas, steam, and hot water supply GS
10. chemical CH 27. water supply and sewage disposal WS
11. petroleum refinery and coal PC 28. trade TR
12. plastic PL 29. financial service, insurance, and real estate ~ FI
13. rubber RB 30. land transport LT
14. leather LE 31. other transport oT
15. ceramic, stone, and clay CS 32. communication and broadcasting CB
16. iron and steel IS 33. car repairing CR
17. non-ferrous metal NF 34. other services OS

B. Industries and Waste Self-abatement Activities

Each industry produces its commodities inputting intermediate goods, labor, and capital, while it gener-
ates waste. Waste is recycled by R-activities, disposed by the industry itself employing its associated
S-activity, and treated by C-activity. Portions of wastes recycled, internally and externally abated to the
total waste generated by each industry and household are fixed. Each industry pays internal and external
waste abatement costs.

Leontief technology is assumed in intermediate inputs, while Cobb-Douglas technology is applied in
labor and capital inputs. Constant returns to scale are assumed in the technology of each industry. The
technology in S-activities is also Leontief and Cobb-Douglas with respect to intermediate inputs, and
labor and capital inputs, respectively, with constant returns to scale.

Profit maximization in industry’s behavior becomes cost minimization given its output, due to linear
homogeneity in the production technology. Note that each intermediate input in each industry is speci-
fied as a composite of virgin and recycled goods considerably differing from our previous study. In
what follows, every intermediate input is specified as a composite of virgin and recycled commodities
for general expression. For notational convenience, virgin and recycled goods are abbreviated by /- and
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R-goods, respectively, and a composite of V- and R-commodities by /7R-composite hereafter.

min Zpy ; tA+p,)w-L, +r-K, )+ZpTxT+(1+tij)(w-LTj+r-KTj)+qCWCj

(D
with respect to X ,L Kyx; ,L K WC (j=1..34)
subject to
1 X Vv V
. X34
X, =min{ea—f, (L, K,), &-,..—"} )
Vo, al J 34 J
'x = x:fll/ H Z;k‘;, @ (@Vl + zaka - 1) (3)
WG, =¢,X, (k=1,..26,j=1,.34) 4
26
WT, = Z{nkjWij ©)
1 X T T
WT, = min {@— f, (L, K,), 8-, 220} (6)
T0j al J a34 J
y 18
'x - leT’ H ZTlej, (aTij + I; aTkij = 1) (7)
26
we, = kzzlek, WG, 8)
1L, K= A, L0 K, ©)
fy(Ly K)= A, L0 K™ (10)
where
pV_,», : price index of intermediate input of //R-composite i in industry j
X intermediate input of }/R-composite i in industry j
iy : net indirect tax rate on industry j
w: wage rate
Ly : labor input in industry j
r: capital return rate
Ky : capital input in industry j
pT_,-, : price index of intermediate input of //R-composite i in S-activity j
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Xy intermediate }/R-composite input 7 in S-activity j
g net indirect tax rate on S-activity j

Ly: labor input in S-activity j

Ky capital input in S-activity j

qr: price of service of C-activity

we,: volume of waste discharged by industry ; and disposed by C-activity

X:: output of industry j
apy value added rate in industry j
aV_,», : intermediate input coefficient of //R-composite i in industry ;
Xyt virgin commodity i in intermediate V7/R-composite 7 in industry j
@y share parameter on virgin commodity i in intermediate }/7R-composite i in industry ;
Zyg recycled commodity & in intermediate }7R-composite i in industry j
ap;:  share parameter on recycled good & in intermediate /7/R-composite 7 in industry j

WGy;:  volume of waste of type k discharged by industry j
(e marginal waste discharge of type & in industry ;

WT; volume of waste disposed by S-activity j

7Kg rate of internal abatement on waste of type & discharged by industry ;
am: value added rate in industry ;
a'y: intermediate input coefficient of /R-composite i in S-activity j
Xz virgin commodity 7 in intermediate V7R-composite 7 in S-activity j
ag: share parameter on virgin commodity 7 in intermediate //R-composite 7 in S-activity j
Zng ! recycled commodity & in intermediate /7/R-composite i in S-activity j
ang:  share parameter on recycled commodity £ in intermediate }7R-composite 7 in S-activity j
O rate of external abatement on waste of type & discharged by industry ;
Ay efficiency parameter in industry ;’s production function
ay: share parameter on labor input in industry ;’s production function
Ay efficiency parameter in S-activity ;’s production function
ay: share parameter on labor input in S-activity ;’s production function

Solving cost minimization problem expressed by equations (1) to (10) given an output JX;, conditional
demands for intermediate goods, labor, and capital are derived with price indices of intermediate
V/R-composites.
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Conditional demands for intermediate goods, labor, and capital,
and price indices of intermediate //R-composites.

v v
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Conditional demands for intermediate goods, labor, and capital,
and price indices of intermediate V/R-composites.
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7
[ % r X
18
p 14 — pm H ka
g o =il o
Vij L Vkij
B q % 18 [ I & i
p T — pm H ka
’ o | o
i | Thij

where : / \

Dy, - price of virgin commodity i
Py - Price of recycled commodity &

Free entry assumption ensures zero profit condition in every industry,
yielding a supply function.
34 18

Py; X Zszsz +Zszk ij+(1+tpr/)[w L +r-K, ]

=1 k=1
34 18

+2pV1xTy+zszk Tkzj+(1+tpT)[W L Tre K ]+qCWC

The shadow price of S-activity j’ s service, q; is calculated from
the Lagrangian multiplier associated with the technological constraint (6).

34 18

Zleale-l-zszk Tklj+w l Tr kT]

i=1 k=1

A= ﬂle.j/ﬂW]} s Cri= ﬂZTkU./ﬂWTj ,
ZTJ.E ﬂLTj/ﬂWY} , ijE ﬂKTj/ﬂWY}

where / \

q;: shadow price of S-activity j’s service
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C. External Waste Abatement Activity

C-activity actually disposes of both industrial and household waste. In the model, C-activity is assumed
to abate waste which is neither self-treated nor recycled. The technology in C-activity is assumed to be
the same as that in S-activities, but this activity is supposed to take firm’s behavior. That is, cost mini-
mizing is the optimal behavior of C-activity under given industries’ and households’ waste to be re-

duced.
34 c ¢
W"ZPi x; +(+tp)w-Lo+r-K.)
i=1
with respect to x5 ,Le,Kc
subject to

34 26 26
WwC = ZZijWij +(1_;;u" WH

j=lk=1

‘ 1 e x€
WC = min {_fC(LC:Kc)5_1C5"'5L:}
Ay a, as,

fC (LC’KC) = ACL?'Kéia(‘

i

18 18
C _ o Ocyi —
X =X gZCki (g +/§1aaa =1)

where

PN price index of intermediate input of /R-composite i in C-activity
x5 intermediate input of V/R-composite i in C-activity

Ipc: net indirect tax rate on C-activity

Lc: labor input in C-activity

Kc: capital input in C-activity

wC: total volume of waste disposed by C-activity
i recycling rate on household waste of type &

WH : household waste

acy: value added rate in C-activity
a: intermediate input coefficient of /R-composite i in C-activity
Ac: efficiency parameter in production function in C-activity
ac: share parameter on labor input in production function in C-activity
Xg: virgin commodity i in intermediate V/R-composite 7 in C-activity
ag: share parameter on virgin commodity i in intermediate }/R-composite i in C-activity

18
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Zay recycled commodity & in intermediate //R-composite i in C-activity

aq;:  share parameter on recycled good £ in intermediate /7R-composite i in C-activity

From the above-stated optimization problem, we obtain conditional demands for intermediate goods,
labor, and capital with the price indices of intermediate //R-composites.

x{ =a’WC 3D
O 18 ey
x, =xC Oc_c|:p_,,:| H[&} (32)
pVi aCi = aCli
Oci 18 ey
2, =xC a;k[p_y} H[&} (33)
ka aCi = aCli
L :[ o.r :| a.,wcC (34)
(I=fsc)w Ac
K, = (l—occ)w:| < a, WC 35)
o.r A
r O 18 i
o = p_} H[&] (36)
_aCi k= ey
Zero profit condition is also realized in equilibrium yielding a supply function of C-activity.
34 34 18
qWe = Z{pVi‘xCi + Z{];kaZCki +(I+pp)w-Le+7-K.] (37
D. Recycling Activities

R-activities process a part of industrial and household wastes, and supply recycled goods. It is assumed
that waste transformed by R-activities is purchased free of cost from industries and households, but the
quantity of waste inputted in R-activities imposes a technological constraint on the quantity of recycled
commodities produced by R-activities.

R-activities are also assumed to take firm’s behavior implying cost minimization of production costs
under a given volume of waste to be recycled.

34
min Z{plfx;+(1+tpRj)(w-LRj+r~KRj) (j=1,...,18) 3%)
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with respect to ny» , Ly, Ky

subject to
R R
o1 X, Xy, WZ.
Z; =min{ Sy K)o — v
RO; 1j uj Yy

34

WR, = Z;ék/gkfo +u,-x-CC
J=
26

WZ,=3.0,VR,

ij (LRj ’KRj) = ARle;;/ KIIQ;%

Y

26 18
R _ O gy _
xl/ - 'le] /!_:[1 ZRkij (aRl] + kzlaRkij - 1)

where

pR_,», : price index of intermediate input of /R-composite i in R-activity j
ng : intermediate input of //R-composite i in R-activity j

Dri: net indirect tax rate on R-activity j

Lyg: labor input in R-activity j

Kyi: capital input in R-activity j

Z: recycled good supplied by R-activity j

gy . value added rate in R-activity j

aRy : intermediate input coefficient of //R-composite i in R-activity j
Wz waste input in R-activity j

aRZ_, : waste input coefficient in R-activity j

WRy;:  wasterecycled of type k discharged by industry ;
Eyt recycling rate on waste of type & discharged by industry ;

£ household marginal waste generation
CC: household composite consumption
D proportion of waste of type k inputted to recycling activity j
Ag: efficiency parameter in production function in R-activity ;
ag: share parameter on labor input in production function in R-activity ;
Xgj virgin commodity i in intermediate //R-composite 7 in R-activity j
ARy share parameter on virgin commodity 7 in intermediate }7R-composite 7 in R-activity j
ZRig - recycled commodity £ in intermediate V7R-composite 7 in R-activity j
apg:  share parameter on recycled good & in intermediate }7R-composite i in R-activity ;

(39)

(40)

1)

“42)

(43)
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Conditional demands for intermediate, labor, capital, and waste inputs associated with the supply of re-
cycled good Z; are derived from the optimization problem described by equations (38) to (43). Similar
to the other activities, price indices of intermediate }/R-composites and zero profit condition are also
obtained.

x; = aiI/e Z./ @ (44)
o ’ p i Olpij 18 p (7
A “
Py Rif Rlij
O . Oy 8 O R
2, =3~ L || P (46)
Pre | Ogy = Oy
10y 7
LR/‘ — aR./'r aRO./‘ J (47)
’ (I-a & w A &
l—a wl|"a, 7
KR/_ — ( Rj) RO j (48)
’ A Ay
WZ, =a,Z, @ (49)
gy 8 O g
pl = Pri. 1 P (50)
Oy | Criy
34 34 18
pRij = ;pwxmj + zltkz_tlkaZRki/ +(1+ tng,-)["" : LR,- +re KR/] (51)

Note that the volume of waste processed in producing recycled goods (49) must coincide with the
volume of waste in generation side (41). This point will be referred again in a later part.

E. Households

Households are assumed to be homogeneous with the fixed number of households. Thus one can con-
sider that households share an aggregate single utility function. Households share a CES utility function
of the present and future goods. Here, the present good is defined as a CES composite of present con-
sumption goods and leisure time, while the future good is derived from saving.

Households choose a bundle of the present and future goods so as to maximize the utility function with
a budget constraint. Then the present good is divided into a composite consumption good and a leisure
time, being further disaggregated into virgin and recycled commodities. Household behavior is now
described as follows:
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ngax u(G,H) = {al/v\(;(v,fl)/vl +(1_a)1/v,H(vrl)/vl}v, /(v =1) (52)
H
subject to
p;-G+p, -H=(1-ty)FI -TrHO (53)
FI=(1-1)w-E+LI4&l—k,)(1—k )r-KS+KI +TrGH + TrOH (54)
where
G: household present consumption
H: household future consumption
a: share parameter in utility function
vy elasticity of substitution between present and future goods
PG price index of present good
P price index of future good
y: direct tax rate on households
FI: household full income

TrHO:  current transfers from households to the external sector

l: rate of labor income transferred to the external sector

E: household initial labor endowment

LI: labor income transfers from the external sector to households (exogenous variable)
k,: rate of capital income transferred to the external sector

k: capital depreciation rate

KS: initial capital stock endowed by households

KI: property income transferred from the external sector (exogenous variable)

TrGH: government current transfers to households

TrOH :  current transfers from the external sector to households

Solving this utility maximization problem, demand functions for present and future goods are obtained
yielding a household saving function.

_ of(1-ty)FI ~TrHO]
pg A

G

(35)
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o= (l—a)[(l—tez)FI—TrHO] (56)
piA
S=p,H/p, (57)
A=op." +(1-o)p," (58)
where
S: household real saving
Ds: price of saving good

Then maximizing the demand for present good (55) with a budget constraint yields a composite con-
sumption and a leisure demand functions.

"(}:angc G = {ﬁ 1/v, CC(VZ*I)/VQ + (1 _ lg)l/v2 F(Vz*l)/"z }v2 /(v,=1) (59)
subject to
p-CC+(-ty)1-1)w-F=(01-ty)FI -TrHO — SH (60)
SH=P;-S (61)

where

Vog share parameter in sub-utility function

V! elasticity of substitution between composite consumption and leisure time

F: leisure time

p: price index of composite consumption good

SH : household nominal savings
oC = ﬁ[(l—ty)FIV—TrHO—SH] ©62)

p-Q
Fe (A=A -wy)FI —VTrHO] (63)
[(A=)A=,)w]" -Q

LS=E-F (64)
FE R +(1=-PIA-y)A~1,)w]" (65)
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where LS : household labor supply

Substituting composite consumption (62) and leisure time (63) into (59), the price index of the present
good is derived as follows:

pe =B P +(1=PIA-tn)A=L)w] ™} (66)

Moreover, the composite consumption is disaggregated into }/R-composites by type through maximiz-
ing a Cobb-Douglas sub-sub utility function given household income and leisure time.

34 34
max GC=T[C (3 7,=1) (67)
i=1 i=1
subject to
S pP-CC =(1-t)Y ~TrHO— SH (68)
i=1
Y=(-I)w-LS+ LI +(-k,)(1-k,)r-KS + KI + TrGH +TrOH (69)
where
i household consumption of V/R-composite good i
Vi share parameter in sub-sub-utility function
P price index of V/R-composite consumption good i
Y: household income

From this optimization problem, //R-composites by type are derived with the price index of CC.

¢ =Lty )y -TrHO-SH], p= 13-411 (-1 (70)

i i

Finally, V/R-composites are further disaggregated into virgin and recycled goods with a budget
constraint.

3 18 18
max @ =CPNZ% (o, +3a, =1) (71)
= k=1
subject to
. 18
piDCiC =p,C, +/§4lkaZCki (72)
where
G household consumption of virgin good i
a;: share parameter on virgin good i in }/R-composite i
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Zei: household consumption of recycled good &
ay: share parameter on recycled good & in ¥/R-composite i
Therefore we have;
¢ =ce ol Pu| fy Pu | (73)
l l p Vi ai k=l aki
2, =cc Q| Pu | [ Pu | (74)
“ l ka ai = ali
O gy 18 O gy
pP = Pvi | | Pre (75)
& Lo

F. The Government, the External Sector, and Saving/Investment Balance

These are specified as the following balances of payments.

government sector

34 18
ty-Y+lepV/(w-LV/ +"'KV,)+]§H9M(W'LM +r-Kg)
Jj= =
34
+2tp(w- Ly +r-K)+tp.(w- L. +7r-K.)+TrOG (76)
J=

34 18
@Y p,CG,+Y pp - Zy +TrGH+WTC+TrGO+ SG
i=1 k=1

2
WTC;QC%(I_uk)WH (77)

where

TrOG:  current transfers from the external sector to the government (exogenous variable)
CG;: government consumption of virgin good i

Zi government consumption of recycled good &

TrGH: government current transfers to households

WTC:  government expenditures on C-activity

TrGO:  government current transfers to the external sector

SG: government nominal savings
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external sector

f@p, -EM, +TrHO+TrG0+KIO+LIO=§pi -EX, +TrOH +TrOG + KI + LI + SO (78)

i=1 i=1

LIO=I]_w-LS, KIO=k, r-KS (79)
where

EM;: import of virgin commodity i

KIO: property income transfers from households to the external sector

LIO: labor income transfers from households to the external sector

EX;: export of virgin commodity i (exogenous variable)

KI: property income transfers from the external sector to households (exogenous variable)
Ll: labor income transfers from the external sector to households (exogenous variable)
SO savings of the external sector (= - prefectural current surplus )

balance of saving and investment

34 18 34 34 18
SH+SG+SO+Y DR, +Y DRy +> DR, +DR. =% p, -1, + X pp-Z, (80)
Jj=1 k=1 Jj=1 i=I k=1

where
DRy :  capital depreciation in industry j
DRy capital depreciation in R-activity j

DRy capital depreciation in S-activity j

Re: capital depreciation in C-activity
I virgin good 7 used in investment
Zn: recycled good £ used in investment

In the above specifications, nominal government consumption expenditures, py;* CG; and pgi* Zg , cur-

rent transfers from the government to households, 7#GH, and current transfers from the government to
the external sector, 7#GO, are assumed to be proportional to the government total revenue. Proportions
of virgin and recycled goods in government consumption expenditures and capital investment are fixed
at nominal term.

Exports of each commodity are fixed at a real value, while imports are assumed to be proportional to
prefectural domestic demand for each good. Exports and imports are assumed to exclude recycled
commodities since this study emphasizes intraregional material circulation.
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G. Supply Functions

Differentiating the zero profit conditions in industries, R-activities, and C-activity with respect to supply
quantity, supply functions are respectively derived. Industries’ and R-activities’ supply functions can be
expressed by matrix representation as in equation (81).

— - — ar -

P Ay -+ Apaar ) Cyr oo Cpigt || P

Criza -+ Cyig34 || Praa

dp) T dpg || P

DPyis Ay13a -+ Ayagag
Pr by b

1
[}
]
]
1
1
[}
]
]
1
1

1
[}
]
]
1
1
[}
]
]
1

| Prisg | _bR118 oo bpagig Vg - dmxwd | Pris |
[ 26 b , | Py |
Z;nklgkl 0 E Arip -oo Araan ) S Cnig :
E E 0 . . . i . . .
26 : ! Pyis
+ 0 e 2 Mi3aliaal Arisa -+ Qrissa) Crize Cri834
k=1 E __________________ N Pr
N 0 ! 0 |
8 0 ' 0] | Pris |
26 i T _ | - [ le i (81)
kz:‘ieklgkl 0 i acy acss E Ccr -+ Ceis :
: ) : ) P :
+ 26 E : Pris
0 . 29k34§k34: Acy .- aC35E Coi - Cepg »
k=1 o o .Rl
—————————————————————————— | 0 | 0 ]
| 0 ' Od | Pris |
A+tpy )WLy +r-ky))+ A+t YWl + 7 k) + A+t )(w- I +7- k)
+ A+ 1Dy ) Wby +7kys) )+ (L 1pr YW Lpgy 7 ks )+ A+ tp )Wl + 7 k)
I+t )W-lg +7-kpgy)
| I+ tppg) W lpg +7kpis) )
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Iy=Ly/ 3% , ky= 3Ky/ X , Iy= ILy/OWT; , ky= OKy/ IWT,

lc= JdLc/ IWC |, ke= Ko/ IWC ZRjE ﬂLRj/ﬂZj , kRjE ﬂK@,/O/)Zj

The supply function of C-activity is given by the following equation.

34 18
c =§,pwaa +I§;kaCCk +(+p)w-Lo+r-K.]

(82)

(83)

(84)

(85)

(86)

&7)

(88)

(89)

©0)

©OD

©2)

Therefore given a price system satisfying equations (81) and (92), all the demands including demands
for virgin and recycled commodities, and production factors are determined. Then outputs of industries,

R-, and C-activities are determined to meet the respective demand levels.
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Summarizing the demand and supply functions mentioned above, the equilibrium conditions in the
present model are described as follows:

virgin and recycled commodity market equilibrium

X, EM, Ay Apizq ) briy oo brus || Xa
. . . . | . . . .
: : : i : : :
]
X3y + EM,, | yaan aV3434i bran braais || X
N Ao e m e mmmm g
A Cyit Criza | 4rnn duis || Z
: : o :
]
]
_le ) Cyigr  +++ Cpigza! drisi deSlS__ZIS
[ a a v X
m e E 2Nl - 0 E !
: AU [= N
| : : : ' 0
" Ari3an 73434 ) 0 36: ¢ \ X4
------------------ - 1
Crn Cr134 E kzlnku k34i A
. . 1 ] .
: O e LI I
1 1
1 1
| Cris1 Crigzs ' L 0 ' 0—_218_
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: : E zeklgkl 0 i :
:0 k=1 . . : .
! : 10
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waste recycling equilibrium

Z = :z;% (ggkj Ly X+, -COYe (i=1,..,18) (94)
waste self-abatement equilibrium

W =:z: Ne-Cy X, (j=1,..34) (95)

waste external consigned abatement equilibrium

34 26 26
WC=Z;k219k/.-Q’k/.-Xj+(1—kZ;uk)~K-CC (96)
J=lk= =
labor market equilibrium
34 18 34
LS:ZILV, +,21LR1‘ +21LT»/ +L,. 7
J= J= J=
capital market equilibrium
_ 34 18 34
KS:ZIKV/ +21KR./-+ZIKT./+KC 98)
J= J= J=

In these conditions, commodities are supplied to meet the demand, and waste abatement services are
provided to treat wastes described by equations (95) and (96). However, the volume of waste to be re-
cycled, Z; , is determined by equation (93) derived from waste demand side as well as by the condition
(94) imposed by waste generation side. To realize both the conditions, in this study, net indirect tax rates
on R-activities, #pg; , are adjusted to satisfy equation (94) from waste demand side, while recycling rates,

éyand ., are adjusted from waste generation side.

In addition, the above-mentioned equilibrium conditions are, of course, insufficient to solve the model
implying that all the equations in the model are necessary. However if equation (94) is satisfied, the
Walras law, that is, value of excess demand for labor + value of excess demand for capital = 0 will be
realized. This implies that if either labor or capital market is cleared, the equilibrium solution of the
model can be obtained.

Thus letting labor be a numeraire (w=1), capital return rate is computed to clear the capital rental market by using
Newton-Raphson method. Moreover, net indirect tax rates on R-activities, fpg; , or recycling rates, &y and s« ,
are calibrated feedbacking a gap in equation (94) to obtain the full equilibrium solution.

Parameter Setting

For numerical experiment, it is necessary to estimate parameters in functions specified in the model.
Since the technological parameters in the production functions in industries, R-, S-, and C-activities are
specified as Leontief~-Cobb-Douglas type, they can easily be estimated by applying the economic and
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material balance accounting matrix as a benchmark dataset in a usual CGE-modeling framework (Sho-
ven and Whalley, 1992). The detailed results of parameter estimation is beyond the scope of this paper,
therefore, they are skipped here.

For the parameters in the utility function, estimation of them is made in a standard way with results
shown in Table 4 though the description of the estimation method is skipped as well.

Marginal waste generations, waste recycling rates, and waste abatement rates were estimated by em-
ploying Research Report on Industrial Waste in Aichi Prefecture (1996). Waste is expressed in physical
term in this study, but recycled goods are modeled in both physical and monetary terms. Prices of recy-
cled commodities are estimated by applying Japan’s I/O Tables (1999) and Research Report on Cost of
Waste Disposal (1998).
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Table 4 Parameters in Utility Function

Commodities share parameter

present goods 0.77824
future goods 0.22176
composite consumption 0.58506
leisure time 0.41494
elasticity of substitution between

1.11908
present and future goods
elasticity of substitution between

1.07054

composite consumption and leisure time

Simulation Analysis

A. Simulation Cases

As described in the model specification, optimization is made to derive the demand and supply equilib-
rium of virgin commodities, implying that virgin commodity equilibrium is a result of economic agent
purposive behavior. But the demand and supply of recycled materials are linked to by-products of in-
dustries, implying that disequilibrium in recycled commodity market is prone and inevitable under fixed
parameters relating to recycling. Figure 2 graphically illustrates this situation.

Therefore if some waste program is to be implemented, the following conditions must hold to equili-
brate the demand and supply of virgin and recycled goods.

(1) Recycling rates must rise when the demand for recycled goods is intended to increase.

(2) Prices of recycled goods must decline when the supply of recycled commodities is intended to
increase. Taking these conditions into account, 6 cases presented in Table 5 will be simulated
and comparatively examined. Exgogenous changes in parameters in cases 1 to 3 are shown in
Tables 6 and 7, which are set up referring to targets made by the government or some industrial
associations (National Environmental Planning Agency, 1993) .

social demand
products X; S — & products X
(purposive) (purposive) '
industry i industry j
waste WG, waste WG,
(by-products) (by-products)
<:( supply of recycled goods supply of recycled goods @
demand for recycled goods by industry i ﬁ> @ demand for recycled goods by industry j

Figure2 Concept of Simulation Analysis
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Table 5 Simulation Cases

case description
base .
Business as usual case.
case
Recycling of waste is expanded in demand side by rising share parameters on recycled
goods in intermediate J7R-composite inputs in industries, R-, S-, and C- activities. To
case 1 o :
equilibrate demand for and supply of recycled goods, recycling rates are endogenously
calibrated. Rates of increase in share parameters are shown in Table 6.
Recycling of waste is promoted in supply side by increasing recycling rates. R-activities
are subsidized by the government to equilibrate demand and supply of recycled goods
case 2 . . . ) .
through lowering prices of recycled goods. Rates of increase in recycling rates are pre-
sented in Table 7.
In addition to case 2, additional government subsidies are equivalently financed by rising
case 3 .
household direct tax rate.
Recycling rate on every waste is increased to 100%. Similar to case 2, additional gov-
case 4 . o .
ernment subsidies for R-activities are considered.
case S In addition to case 4, household direct tax rate is internalized to equivalently compensate

the additional government subsidies in case 4.

Table 6 Assumed Rates of Increase in Share Parameters on Recycled Commodities in Case 1

rate of rate of
recycled goods {ncr}eiase recycled goods 1r'1cre;1ase
in share in share
parameter parameter
1 i terial
r;:cyc ed construction. materials 3 recycled chemical fertilizers 40
rIeIcycled construction materials 5 recycled acid and alkali 20
1 i terial
rE:Icyc ed construction materials 10 recycled oils 10
compost 10 recycled plastics 20
recycled organic fertilizers 40 recycled tires 20
z(s:/};zf(i organic fertiliz- 10 recycled rubber 10
recycled glass and construction mate-
recycled fiber 20 dials IV 40
recycled wooden products 20 recycled iron 1
recycled pulp and paper 10 recycled non-ferrous metals 1
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Table 7 Assumed Rates of Increase in Recycling Rates in Case 2
te of
‘r aeo rate of rate of
increase ) . .
Waste in Waste INCICASE 1N waste INCrease
: recycling in recy-
recycling rate cling rate
rate

Cinder 30 waste plastic 20 waste glass  and 40
porcelain

organic sludge 40 waste tire 10 slag 3

Hnotganic 40 shredder dust 0 waste concrete 10

sludge

§ielneral waste 10 waste paper 10 waste asphalt 10

waste solvent 10 waste wood 20 other - construction 10
waste

solid waste 10 waste fiber 20 soot and dust 10

oil sludge 10 animal and vegeta- 10 animal waste 10

ble residue

waste acid 20 waste rubber (50) other industrial -
waste

waste alkali 20 waste metal 0

Note: The recycling rate on waste rubber in case 2 is assumed to be 50% since it is 0% in the base case.

B. Simulation Results

Simulation results of the 6 cases are shown in Figures 2 to 9 where variational ratios of cases 2 to 5 rela-
tive to the base case are illustrated. Monetary values are indicated in terms of the relative price system in
the base case.

(a) case 1

Although share parameters on recycled materials are increased implying expansion of use of recycled
commodities in demand side, impacts of the scenario in this case are estimated to be very small.

Looking at industrial outputs in Figure 4, negative impacts are relatively large on rubber and beverage
and feed with impact rate of -0.1%, and plastic with -0.04%. Industries suffered from negative impact
can be identified as those suffered from substitution effect where virgin goods are substituted by recy-
cled goods. Positive impacts are found in assembling manufactures and consumption related industries.
As use of recycled goods are promoted, price indices of V/R-composites slightly fall resulting in a mod-
erate expansion in household consumption with a positive equivalent variation of 4.1 billion yen.
Moreover, imports of virgin commodities substituted by recycled goods show a decrease as expected.
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(b) case 2

In this case, recycling rates are increased endogenously adjusting government subsidies to equilibrate
demand and supply of recycled goods. Since small increases in recycling rates are assumed, significant
impacts of the scenario of this case are not found as well.

However, government subsidies considerably depreciate prices of recycled goods. There can be ob-
served many recycled commodities with over 10% down in their prices, specifically prices of recycled
rubber, recycled organic fertilizer, and recycled pulp and paper show falls of exceeding 30%. This result
suggests that a significant decline in recycled commaodity prices must be necessary even in a realistic
and feasible recycling program.

The additional expense of subsidies is estimated as 9.8 billion yen which straightforwardly reduces
government revenues since no additional tax is assumed to compensate the expenditures. On the other
hand, since household waste 1s promoted by 60% up in the recycling rate, government expenditures on
C-activity are saved by 5.9 billion yen yielding an increase in government savings of 4.7 billion yen.

Substitution effect is observed in imports of several commodities, but the total import increases due to
expansion effect in industries and income effect in households.

Households consumption expenditures and savings grow due to income effect of falls in recycled
commodity prices leading to a welfare improvement as £V shows 14.2 billion yen.

60

91 227bilyen
11 668bilyen
14 184bilyen

JJ J 2700bilyen
20 ————————————— 4075biyen
e ol ool gl . Th

—u] “‘I] 1= 1=} 1=} o =[[I

5 6 7 8 9 10 | IH 1H IH IH 16 17 18 19 20 0

21 26
-20

-40

40

0 %

-60

20
n /o

-80

Figure 3 Changes in Key Variables

Note: 1. total output, 2. total industrial output, 3. prefectural gross product, 4. gross product of industries,
5. household full income, 6. household income, 7. household composite consumption, 8. leisure time, 9.
household savings, 10. direct taxes, 11. net indirect taxes, 12. government income, 13. government
consumption, 14. government current transfers to households, 15. government current transfers to the
external sector, 16. government savings, 17. investment, 18. labor demand, 19. capital return rate, 20.
price index of composite consumption, 21. total output of R-activities, 22. total output of S-activities 23.
gross product of R-activities, 24. gross product of S- and C-activities, 25. government expenditures on
C-activity, 26. equivalent variation.
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Figure 6 Changes in Recycled Waste

Note: S.T.: total volume of industrial waste, H : households
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Note: ET: external waste abatement

(c) case3

In this case, it is assumed that the additional government subsidies on recycling activities are equiva-
lently financed by raising the household direct tax rate. As a result, only direct effects such as a decrease
in household disposable income, increases in revenues, consumption expenditures, and savings in the
government sector are significant with small indirect repercussive impacts. Although a decrease in
household consumption affects a negative impact on household utility, it is compensated by increases in
household leisure time and savings leading to a welfare improvement as £V depicts 2.7 billion yen.

(d) case 4

This case assumes perfect recycling, i.e. 100% recycling rates on every waste (except household food
residue aiming) at realizing a zero-emissions oriented society in Aichi Prefecture. Similar to case 3, ad-
ditional government subsidies on recycling activities are considered to depreciate prices of recycled
commodities.

By assumption, one can see that there are a number of types of waste whose recycled volumes become
several times as compared to the base case, yielding significant impacts on the prefectural whole
economy. Looking at industrial activities in Figure 4, significant reductions in their outputs can be found
due to substitution effect particularly in beverage and feed with impact rate of -0.2%, plastic with -0.1%,
pulp and paper with -0.08%, and rubber with -0.06%.

On the other hand, construction, agriculture and forestry, and food industries show increases in output
with positive impact rates of 1.1%, 0.8%, and 0.4%, respectively. Assembling industries such as general
machinery, electric machinery, and transportation equipment industries expand suggesting an industrial
structural change from raw material based industries to assembling industries in the prefectural econ-
omy.

Relating to this structural change, imports show a similar manner to industrial outputs, however, their
magnitudes are larger than in outputs resulting from impacts on household consumption expenditures
and capital investment.

Government subsidies on recycling activities considerably depreciate prices of recycled commodities
ranging from 18% to 95% except recycled iron and non-ferrous metals, since they have already been
recycled at high recycling rates. Government additional burden on budget resulting from the subsidies is
estimated as 66.8 billion yen, yielding a decrease of 13 billion yen in government consumption expen-
ditures. However, public expenditures on C-activity are reduced by 23.9 billion yen which in turn
increases government savings by 15.6 billion yen.

For households, income effect is significant due to the fall in commodity prices deriving expansions in
consumption and savings with welfare improvement of 91.2 billion yen in EV.

(e) case S

Like case 3, this case also supposes that the additional government subsidies for promotion of recycling
in case 4 is equivalently compensated by endogenously raising the household direct tax rate. Similar to
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the results in case 3, significant impacts are particularly found in households and in the government.
Household disposal income is reduced by an increase in direct taxes, but their consumption expendi-
tures do not show a large decrease with impact rate of only -0.04% being offset by the income effect of
commodity price depreciation.

In the government budget balance, government expenditures on C-activities are reduced by 24 billion
yen in addition to an increase in direct tax revenues leading to an increase of 24.8 billion yen in gov-
ernment savings with an expansion in capital investment. Despite household consumption expenditures
decrease, EV shows 11.7 billion yen followed by an increase in household leisure time and savings.

Concluding Remarks

This study has significantly extended our previous paper on this topic internalizing waste recycling ac-
tivities as economic agents, and specifying detailed recycling and waste abatement rates. Even in Japan,
data collection is very difficult in waste studies. This article has also attempted to improve the data reli-
ability as far as the authors could. Assuming realization of a zero-emissions society in this study, nu-
merical simulations of the general equilibrium effects of it is highlighted since they have not been ex-
amined and reported in the literature.

On the other hand, the actual waste problem has been throwing us various difficulties including recy-
clability of specific materials, complexity of physical distribution system of waste recycling, and recy-
clability of materials already accumulated in our society for long time. These are our new targets in the
future studies.

Finally, this study is financially supported by the Scientific Grant-in-Aid of Ministry of Education, the
Government of Japan (N0.0924710 4, No.09680547, and No.09303001).
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