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Introduction

In recent years, despite the growing consciousness in favor of waste reduction, reuse and recycling, there 1s still no
consensus as to what extent we should achieve these goals, who should implement the plan, and how they should
be done. In this respect, we could therefore say that the waste management policy, designed to achieve the goal of
materials-cycle sustainable society, still remains in a state of trial and error.

Even though there is an evident chain consisting of production, consumption, waste generation, and waste
disposal {or recycling), the decision making at each link along the path is performed in isolation from the other.
This mechanism impedes the conscientious recycling of potential resources contained in wastes. For this reason, it
1s indispensable to establish cooperation in forms of social systems that regulate the flow of goods and bads from
an envitonmental viewpoint through the processes of manufacturing, consumption, waste generation, and final
waste disposal or recycling, Economic instruments for restraining final waste disposal and promoting recycling are
some of the tools to attam such formation of social systems.

In Japan, the industrial waste disposal tax is the first environment tax enforced under the anticipation that it
helps, to some extent, control the environmental burden released from industrial wastes (Ishiwata, 2002).
However, whether this tax alone is effective and, if so, how much the tax rate should be are among the
controversial questions need to be solved.

In this study, we theoretically develop a computable general equilibrium model so that it can elucidate the
transaction between the entire production activities of goods and waste disposal services on the one side and the
corresponding household consumption behavior on the other. The mathematical model and database developed
in this research make it possible to examine the proposed environmental scenarios in order to accomplish a

material-cycle sustainable socety.
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The first objective of this dissertation is to develop the computable general equilibrium model aiming at
bridging the gap between two academic areas, ie. the Input-Output model for waste disposal policy analysis and
the theoretical environmental taxation model. The second objective is to study the effect of proposed tax policies,
such as the waste disposal tax and deposit-refund system, with respect to their economic and environmental
effects such as the final waste disposal curtailing effect and the material recycling impacts.

Structure of the Economy

In what follows, we describe the large-scale CGE model emphasizing linkages among sectors and consumer of
the national economy. Figure 1 shows an overview of the economy. Based on the commodity technology
assumption that there exists an industry mainly producing the concerned commodity by means of a well-defined
production technology, all production technologies are separated into m goods and services technologies,
n energy-related producing technologies and p waste treatment technologies. This model also introduces 2
product-mix structure within the activity framework where industries use the available production technologies
and jointly generate commodity outputs and wastes. All industries are categorized into m + n goods and service
including energy-related industdes (G-industries) and p waste treatment service industdes (Wrindustties).
Furthermore, this procedure implicitly presumes that any waste treatment service industry mainly uses one of the

gvatlable waste treatment technologies
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Figare 1: The structure of economy

" We assume that, in this model, there are g types of industrial and household municipal solid wastes need to be disposed of by p waste treatment
technologies The share of industral waste k& disposed of by the waste treatment technologyi, sy, is sepresented by the industral allocation
mateix Sy = (Sit )i, p;kei,...q - Lhe household allocation mateix Sy = (S )iea,..., p; k=,....q ShOWs the share of household waste k that is treated by
treatment method ¢ . See also Nakamura, S. and Kondo, Y. (2002) for the further detail about this concept.
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The CGE Model

Industry technology production function is represented by a multi-level production process as shown in Figure 2.
The top level process consists of a Leontief production function in which intermediate input is combined in
fixed proportions with other intermediate inputs and extended value-added. At the inter- mediate level, industries
substitute among a primary factor value-added input — capital and labor, a total energy requirement input and a
total waste disposal service input.

One of the main purposes in performing this analysis is to determine the substitution effect between the
virgin and the recycled materals or by-products, such as virgin steel and steel scrap, in the intermediate input
requirement for any industry. At the bottom level, we therefore allow for the substitution between the virgin and
the recycled matetials or by-products within the intermediate input components and between the original energy

sources and the recycled ones.
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Figure 2: Production function and substitution elasticity

At the demand side of the model, we use the concept of damage function to take into account the environ-
mental externalities in the society. The envitonmental damage function is associated with total amount of landfill
consumption for household municipal solid wastes and industrial wastes (in Ton), and total carbon dioxide
emission level (in Ton-catbon).

The marginal damage functions with respect to each variable are assumed to be positive and increasing — ie.
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the first and second partial derivatives are positive.

Encountering policy alternatives, the social planner maximizes net social surplus — household consumption
utility less the above social environmental damage function. This model is used to evaluate the proposed tax policy
by checking the trade-off between decreasing in the utility level and the environment quality improvement.

Household’s utility is represented by 2 multi-level consumption process as shown in Figure 3.

P S TN
'Incineréh , Shre&cimg, Dehydraion | {mmaﬁmx
; :9?! oG )

Fagure 3: Housebold dermand function and substitution elasticity

The government’s consumption behavior is explained through the so-called exogenous demands. In order to
reflect the influence of commodity prices, this model presumes a CES-typed utility function for an exogenous
demand. We also make the assumption that there is no need for any waste disposal service demand in the exo-
genous consumption bundle. As a tesult, the government uses the collected taxes and saving revenue deducted by
the direct transfer to a household and the investment in the aggregated commodities to consume ordinary
commodities, energies.

The allocation of import-export demands are determined by the functional form that shows the response
from domestic prices and the exchange rate toward the import and export demands. Moreover, the import
demand is also affected by #he income ¢ffect, which is in proportion to the corresponding commodity’s total domestic
output value.

A global general equilibrium is characterized by a set of activity levels for all industries and 2 set of prices for
all commodities and factors of production such that four sets of conditions are satisfied: (1) Commodity balance,
(2) Zero-profit conditions for industties, (3) Trade balance for foreign sector and (4) Government budget balance.

We firstly present private matket equilibria — ignoring the effect of each sector’s activity on the environmental
externalities — and then show that the Walras’s law could be established from this model.
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Empirical Model and Data

Three objectives were considered in the selection of data accounts. First, the accounts must explicidy identify
flows of products, factors, and income; second, the accounts must correspond to basic variables of the general
equilibrium model; third, the number of accounts should be as small as possible without relinquishing the first
two objectives.

The following six 1995 Japanese input-output tables representing economy-wide transaction were chosen: (1)
Input-output technological table (X), (2) Input-output product mixed table (V), (3) Waste Input-output (WIO)
table, (4) Physical unit input-output table, (5) By-products and scraps input-output table, and (6) Environmental
emission coefficient table. These six tables are adjusted and rearranged with regard to the industrial types and their
behaviors of waste generation and waste recycling. The industrial classification with 42 sectors is separated into 2
groups as 39 ordinary commodity sectors and 3 energy related sectors (G-industries). Waste treatment service
industries (W-industry) are classified into 6 sectors. Hach sector has 4 major intermediate inputs for its waste
disposal activities, ie. electricity, petroleum products, chemical products and transportation setvice, which
represents the different waste treatment technology. Thete are 20 types of industrial and household wastes in this
model The share of waste disposed of by the waste treatment technology is represented by the non-negative

,,,,,

wastes, respectively.
Simulation Scenario and Results

Three experiments are conducted to assess the economic and environmental effects of changes in waste
disposal tax policy. The scenario for the first experiment is described by levying a 1000 yen per ton of tax to the
disposal service of both industrial wastes and the household solid wastes by the reclamation (fand-filling) method
and keeping all other taxes to be constant. To test for the possibility of alleviating the welfate lost as the result of
imposing a waste disposal tax, the government revenue neutralization scheme is introduced in the second scenatio
oy keeping the total revenue from all taxes and saving of government constant. The tax revenue from the waste
disposal taxes can be used to decrease either the income tax tate or the capital tax rate. The third experiment
accounts for the deposit-refund systers (Fullerton and Kinnaman, 1995; Palmer and Walls, 1997) by setting all
nousehold waste disposal prices to be zero and taxing commodity consumption with the appropriate sale tax rate.
The purpose of this scenario is to verify the effectiveness of implementing a deposit-refund system in the real
=conomy with disaggregate consumption goods, pre-existing distortionary taxes, and substitution behaviors
setween recycled and virgin materials or energy inputs.

Some of the results are specified here. By imposing 1000 yen per ton of landfill tax to the whole economy,
the industrial and household wastes are estimated to be reduced by about 20%. Accompanied by the carbon
>mission suppression about 547.2 thousand tons-Catbon, the proposed tax policy could manifestly bring about
he total environmental burdens restrain effect under the relatively slight declination in the welfare level.

Implications and Conclusions

This dissertation contributes to developing the CGE-based model designed for the environmental policy appraisal
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program. Framework focuses on the entire life-cycle of each product and waste generated from virtually any
soutce in the economy. The proposed model demonstrates how industtial, household, and waste disposal service
(or recycling) sectors are connected each other. In addition, it shows how wastes are generated from these sectors
and how they are disposed of. Calibrated with the 1995 Japanese input-output data set, the proposed model is
applied to evaluate the environmental and economic consequences of the waste disposal tax by running the
simulation in which the benchmark equilibrium of the CGE model is perturbed by the imposed tax policy.

This model has some points to be noted. First, the model could be easily applied to cope with the potential
for illegal waste disposal by setting an appropriate scheme, for example by levying the output taxes on the dirty
goods and followed by subsidizing for clean technology used in production, ot for recycling the final good. The
point is also to avoid the enforceability or measurement problems of 2 tax on pollution by applying the tax to
observable market transactions such as the purchase of an output by consumer and simultaneously to subsidize
other market transactions such as the putchase of clean inputs by the polluting firm.

In general equilibrium, only the relative prices of waste disposal services matter, and the waste disposal tax
can therefore be set equal to zero as long as taxes on all other relevant activities are adjusted so as to induce
desired relative prices. To avoid the possibility of illegal dumping, the free collection of garbage is quite sensible
with the subsidy on legal disposal close to the direct cost of garbage collection Howevet, taxes on relevant private
consumption are required to restore the proper relative prices in general equilibrium. This consumption tax rate
should reflect the externality such as aesthetic and health costs on those who live near the landfill area and the
possible externality from illicit dumping or burning, This is called a deposit-refund system or a two-part
mnstrument.

Second, in many recycling markets, the government orders the producers to recycle their products. Thus,
recycling is not voluntary. The government often specifies the recycling rate of a weight base. Unfortunately,
under the strong assumption that the technology of each firm remains constant in this static model make us
unable to handle with this aspect. Some adaptation should be implemented to make this model become more
realistic under the economic systems with goods and bads.

Third, considering the recycling promotion aspect, the thermal recycling is much more feasible to implement
than the recycled raw materials because of the ineffidency of material recycling method. Promoting thermal
recycling also contribute to the reduction in carbon-dioxide emission resulting from fossil fuel refinery processes.
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