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ABSTRACT

A wide variety of alternative programs and technologies are available for
managing solid wastes. From this variety arises the question of how to choose the
policies and technologies that will work together to best meet a community's waste
management needs. A set of tools are developed that allow quantitative analysis of solid
waste management policies, operations, and potential innovations.

First, an economic model is used to demonstrate that it is most economically
efficient to charge the marginal cost of waste management services at the point of
disposal. It is shown that frequently proposed policy alternatives: virgin material taxes,
minimum recycled content, and retail disposal charges, are not sufficient to eliminate
market distortions caused by average cost pricing of wastemanagement services and their
use introduces additional inefficiencies.

Second, optimal control theory is applied to managing waste decomposition in
landfills through leachate recycle. The technique minimizes net present cost of landfill
post-closure operations while satisfying landfill liner safety constraints. The optimal
control method developed specifies leachate recycle rates and the optimal leachate
collection and distribution system capacities. The approach is demonstrated for a typical
excavated cell landfill.

Third, existing and alternative household hazardous waste (HHW) management
programs are examined and methods of applying control measures to reduce the risks of
using, storing, and disposing of HHW are suggested. The cost and performance of
existing HHW education and collection programs are analyzed. Incentive-based

measures are found to be promising for control of HHW use and disposal.




Fourth, use of the zonal travel cost method to develop a demand curve and
consumer surplus estimate for household hazardous waste collection and disposal
services in King County, Washington is demonstrated. The travel cost derived consumer
surplus estimate is compared to a consumer surplus estimate derived from a preliminary
contingent valuation survey. The travel cost estimate of consumer surplus is found to be
more than the contingent valuation estimate and significantly less than the cost of
household hazardous waste collection in King County during 1993.

Finally, conclusions about the benefits and limitations of applying systems

analysis in the solid waste field are presented.
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1
INTRODUCTION

Waste generation is a natural consequence of life. Managing the waste that
humans generate has been a problem since the beginning of settled communities and
waste management problems have intensified as our society has become more
technological (Tchobanoglous er al. 1993). Solid waste management is now a
mutltibillion-dollar industry, and to protect the public interest, solid and hazardous waste

management are regulated under major items of state and federal legislation.

It is now well understood that solid waste management operations such as
collection, material recovery, and disposal are interdependent, and waste management
systems are often described as "integrated solid waste management" to reflect this
coupling. A wide variety of alternative programs and technologies are available for the
management of solid wastes. From this variety and the knowledge that waste
management comprises many interconnected operations, arises the question of how to
choose the policies and technologies that will work together to best meet a community’s
waste management needs. In this thesis, a set of tools are developed that can be used to
address this question on a variety of levels ranging from economic policy analysis to

operation of waste collection and disposal facilities.

In Chapter 2, a simple economic model of waste recycling and disposal is
developed and used to evaluate how best to charge for waste management services. Itis
demonstrated that it is most economically efficient to charge the marginal cost of waste
management services at the point of disposal. Frequently proposed policy alternatives
such as virgin material taxes and advance disposal fees are evaluated using the model and

shown to be insufficient to eliminate market distortions caused by average cost pricing of




waste management services. [t is shown that their use introduces additional market

inefficiencies.

Operation of the most common waste disposal facility, the municipal solid waste
landfill. is the subject of Chapter 3. Optimal control theory is applied to landfill
operations to determine when and how leachate recycle should be utilized to enhance
landfill stabilization. A model that combines waste decomposition and landfill hydrology
is developed and an optimal control program is formulated that finds the time history of
leachate recycle that minimizes landfill post-closure costs while maintaining landfill liner
constraints. The resulting evaluation and planning tool provides landfill operators with a
method of determining when and how to recycle landfill leachate. Through this research
it has been found that enhanced landfill stabilization through leachate recycle can be a

safe and cost-effective method of landfill operation.

Typically three to four percent of the municipal solid waste management budget,
the cost of managing household hazardous waste (HHW) can reach into the millions of
dollars in large urban areas (CSI 1994). In Chapter 4, the effectiveness of existing and
alternative HHW control programs are evaluated as part of an integrated waste
management system. This research shows that the risks associated with the use, storage
and disposal of HHW and benefits of existing HHW programs are poorly defined. The
cost and performance of existing HHW education and collection programs are analyzed,
as is the applicability of alternative incentive-based measures. It is concluded that the
use, storage and improper disposal of HHW pose a substantial human health hazard and
existing collection programs do not significantly reduce the rate of improper disposal or
storage of HHW. It is suggested that alternative control measures that are self-enforcing
and targeted at specific stages of the product life-cycle may be useful in reducing the

risks assoctated with HHW.




One of the most difficult aspects of evaluating a waste management system is
placing a value on the environmental impacts, risks, and non-priced services. In Chapter
5 the use of the zonal travel cost method to develop a demand curve and consumer
surplus estimate for household hazardous waste collection and disposal services in King
County, Washington is demonstrated. The travel cost derived consumer surplus estimate
is compared to a consumer surplus estimate derived from a preliminary contingent
valuation survey. The travel cost estimate of consumer surplus is found to be more than
the contingent valuation estimate and significantly less than the cost of household
hazardous waste collection in King County during 1993. Although the consumer surplus
estimates are only approximate, real costs are much larger than benefit estimates, and it is

unclear whether the high costs of HHW collection are justified.

In Chapter 6 general conclusions are presented about the application of systems
analysis to problems in the field of hazardous and solid waste management. Although
this work addresses a range of solid waste problems, and solution methods are diverse,
the unifying characteristic of this work is analysis that is concerned with complex system
operations rather than individual component parts or processes. As the fields of solid
hazardous waste management have matured, we have come to the point where there are
technical solutions available for many problems. The technical solutions must now be
optimized, valued, and made to work in complex environmental systems and within
limited budgets. The systems analysis tools developed in this work are found to be
valuable tools for helping make waste management innovations practical in complex

physical and political systems.
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Materials Use, Recycling and Waste Disposal:
An Economic Policy Analysis

Abstract

A simple economic model is used to demonstrate that it is most economically efficient to
charge the marginal cost of waste management services at the point of disposal. This
efficient solution requires the cost of recycled materials be subsidized by the amount of
avoided disposal costs and the recovery level be set so net marginal benefit from
recycling is zero. It is shown that frequently proposed policy alternatives: virgin material
taxes, minimum recycled content, and retail disposal charges, are not sufficient to
eliminate market distortions caused by average cost pricing of waste management

services and their use introduces additional inefficiencies.

Introduction

In efforts to increase recycling, at least 41 states have legislated recycling goals
(Glenn 1992). Many of these recycling laws specify the percentage of solid waste that
municipalities must recycle, ranging from 15 percent to 60 percent (Boerner and Chilton
1994). Recycling mandates have helped create a large increase in the supply of recycled
materials; unfortunately, secondary materials markets often have not grown quickly
cnough to absorb all these materials (Luoma 1990, Allen 1992). Highly volatile prices of
secondary materials and high costs of solid waste recycling and disposal have led to calls
for measures designed ‘0 increase the industrial use of recycled materials such as taxes on
virgin materials, minimum recycled content measures, and retail charges for disposal. In
this chapter, it is shown that market inefficiencies cannot be entirely remedied through

virgin material taxes, minimum recycled content measures or retail product charges.
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However, it is shown that efficient (marginal cost) pricing for waste disposal services and
for recycled material sales eliminates the need for these alternative policies. The
administrative complications of the alternative measures and the practical limitations of

marginal cost pricing cof solid waste management are described.

Previous Work

Given the large costs involved, surprisingly little has been written about the
efficiency of alternative solid waste policies. Several authors have examined the
practicality of reducing the inefficiency of solid waste disposal pricing through unit-based
pricing as part of curbside waste collection (Morris and Byrd 1990; Skumatz 1991).

These results differ from Miedema (1983) who examines virgin material taxes,
user fees and litter taxes and finds that a virgin material tax alone can result in an optimal
outcome. As the author admits, the limitations of his model form render conclusions
regarding the merits of the measures ambiguous at best.

These results also differ from Dinan (1993) who analyzes virgin material taxes
and finds that a virgin material tax cannot correct for inefficiencies in waste disposal
markets, but that a virgin material tax plus a reuse subsidy can. Dinan assumes a two
good market in which all other prices are exogenous and constant. A two good market
allows all apparent market inefficiencies to be eliminated by two policy measures (in this
case a virgin material tax and reuse subsidy).

The finding here that a deposit-refund system {i.e., a product charge/subsidy
combination) can produce an optimal result is consistent with that of Palmer and Walls
(1994). However, the result that the waste agency can and should provide the appropriate
subsidy is precluded in the model of Palmer and Walls (1994), which eliminates the
waste management agency, making consumers responsible for recycling and disposal

decisions. The approach here also varies from that of other researchers in its explicit




modeling of the heterogeneity of waste management system costs that complicate the

application of broad policy measures.

Economic Model of Waste Disposal and Recycling

A general equilibrium model of society's waste management processes is
specified here. The model allows an economic comparison of alternative waste and
recycling policies under ideal and “second best” conditions. The model follows the
approach first specified by Dinan (1993) but differs in several important ways. This
model includes consumers’ choices about consumption and disposal, and producers’
choices in uses of materials. Responsibility for waste disposal and recycled material
supplies are assigned to consumers (or their agents, e.g., county waste management
agencies). The social costs of pollution from manufacturing, recycling, and waste

disposal are assumed to be included in their respective cost functions.

Consumers' Welfare

In Equation (1), consumers purchase a product at rate Q that uses both recycled
and virgin material, and which consumers either dispose, or recycle at rate R. In addition,
a composite of goods Y can also be made of recycled materials but these goods are not
disposed of in the landfill. Examples of such goods are insulating materials or waste sent
to a waste-to-energy plant. The consumer welfare problem includes the cost of disposing
of the net waste from product @ and the net cost to recycle R (recycling costs minus the
revenues generated by the sale of recycled material).

The consumers’ welfare portion of the model is unique in several important ways.
First, consumers are separated into § waste management regions. The costs associated
with the social cost of waste disposal and recycling collection and separation vary widely
by region, with no single "national” values being appropriate (Highfill er al. 1994, Platt

1993, Wiseman 1992). Second, the disposal and recycling cost functions are generalized




to assess how different functional shapes might affect optimal waste management
policies. Third, the model is static rather than a multi-period model as used by Dinan
(1993). A single-period model simplifies computation and reflects the relatively short
turnaround for recycled materials!. Fourth. the model includes a recycling collection and

processing retention factor, I . Lost recycled material, (I-I)R; is disposed in the landfil.

s ; Y,
Max > f[PQ(w)dw +£P,(u)du -d,(Q, - IR)~c,(R)+p,IR, (0
Q; = demand for product @ in waste management region i .
Y; = demand for composite product Y in region i .
R; = amount of O; recycled in regioni .
Pp = market clearing price for Q.
Py = market clearing price for Y.

d;(Q; - IR; ) =disposal cost function of net flow to landfill in region i .

{ = recycling retention factor (proportion of material recycled after collection and
processing losses).

¢i(R;) = recycling collection and processing cost function of recycling activity.

Pr = market clearing price of recycled materials.

s = number of regions

Producer of Product Q

In Equations (2) and (3), producers of products Q and Y have typical profit
maximization decisions. Both can use recycled material in their processes. Producers of
Q use recycled materials in tandem with virgin material; producers of Y use no virgin

material. It is assumed that production of Q is the dominant use of the virgin material

I In a multi-period model such as Dinan's, the preferred approach would use dynamic programming or
optimal control (Lund 1990). However, this approach is complicated by the number of regions and the
difficulty in specifying realistic end-period conditions.
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and, therefore, controls its price. A composite input is included in the production of Q to
reflect the ability to substitute capital, labor or energy for material use in the final product
(e.g., more refrigeration with a less well insulated package). In the model development it
is assumed that the production process from material production to final sales is
transparent, and the entire incidence of any input price change is transmitted to the final
producer. All firms are assumed to behave competitively and have identical production

functions.

I’\:lili( qu(rq,k,v) —-pr,—~pyv—pk foreachof nidentical firms (2)

g(®) = production function for product q

r, = recycled material input

v = virgin material input

k = composite of other inputs (e.g., labor, capital and energy)
p, = market-clearing price of virgin materials

P, = market-clearing price of composite inputs

Producer of Product Y

Max P, y(ry,z) -pr,-p.z for each of m identical firms (3)

y(®) = production function for product y

r, = recycled material input
b4 = composite of other inputs (e.g., labor, capital and energy)
p. = market-clearing price of composite inputs

Equilibrium Conditions and Constraints
The equilibrium conditions in Equations (4) act as constraints on the flow of
material in the system. The sum of demand for products @ and Y must at lcast equal total

production, that is, it is assumed the society is at least a net importer of goods. Total
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expenditurcs for @ and Y must cqual total producer revenues. [i is specified in constraint
(4b) that input demand for recycled material must not exceed the net supply of recycled
material, I[R. The approach used here implies that the total revenues from recycled

material must equal the total expenditures on this type of input.

s s
Y>0;2nq and YY; 2my (4a)

i=1 i=1
i]lR,- > (nrq + mry) (4b)
i=
Langrangian Maximization Equation

The resulting Lagrangian maximization problem (Equation (5)) includes the
consumers’ demand for the products, the net costs of disposal for @, the costs of
producing the goods, and the equilibrium constraints that expenditures equal revenues.
This model uses the Walrasian welfare conditions in that surplus of demand or supply
results in zero price for the commodity, as reflected in the constraint multipliers 7, 4. and
A (Varian 1992). The demand for @ and Y are not affected directly by changes in
production, nor is "production” of R affected by changes in demand for recycled material.
In Equations (5), and thereafter, the function arguments are suppressed for clarity.

s 1@ Y;
Max S = Z[J'Pg(w)dw +[ P, (u)du - d,(Q, - IR) - c,(R,) +p,IR,.]—-

Q;.Y.R,

n-(pk+pr,+py)-m-(pz+p,r,) —Y-(iQ.» —nq(-)J~ (5)
i=0

p(}(‘;y —my(-)]—x-(gok,. ~(nr, +mry)/l]
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First Order Conditions

The first order conditions (Equations (6)) describe the socially optimal levels
under general equilibrium conditions.? The marginal social values of additional supply of
of the two products are yand 1. The marginal social value of supply of @, represented by
Y. reflects not only the price at purchase, but also the locally-determined marginal cosi of
disposal for an additional unit of @. The marginal social value of supply of ¥,
represented by |1, is equivalent to the market price of ¥. The locally-determined social
shadow value of additional recycling, A, reflects the savings in disposal costs from
diverting waste to recycling (1dd, /JR, ) plus the marginal revenue from the sale of the
material (Ip,) net of the costs of collecting and processing recycled material ( dc, /dR;). If
the waste management agency has chosen to recycle up to the point at which the cost of

an additional unit of recycling equals the marginal savings plus the revenues, then the

shadow value of additional recycling -- A -- equals zero.

From the producers’ standpoint, Y and p represent the socially-optimal price at
which firm entry and exit is in equilibrium in the competitive market. These differ from
the privately-optimal prices in that the market-clearing price for recycled material is
reduced by the local social value of additional recycling adjusted for collection and
processing losses (A/I). The optimal prices for the virgin material and composite inputs
equal the social value of marginal product for each of these inputs, a standard finding.
The optimal price for recycled material varies by locality, as it equals the social value of
marginal product plus the adjusted social savings from additional recycling. The first

order conditions are:

PQ —3—3 =y and P,=u (6a) (6b)

2 “Socially optimal” is defined here as maximizing the total of consumer and producer surplus measures or
“efficiency.” This is but onc of many possible measures of social welfare (Willig 1981).
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od. dc.
A=1I. —f 2D 6
(P,+5R_) R, (6¢c)
A
(pkk +(p, —7)’-" +p,v)
Y= (6d)
q
[pelr-2p)
H= (6e)
y
-, % A YA
p,—}'arq+l and p'_#é‘ry+l (6e) (6f)
%, _ 04 % .
pv_y&v ’pk_},ak’p:_nu& (6h717.])

Optimal Conditions

By setting the optimal social values for demand and supply equal, optimal prices
can be determined. For product Q in Equation (7), the optimal price Pé, equals the
average private cost of production minus the net social savings from inclusion of recycled
material plus the marginal cost of additional disposal. This is found from modifying
Equation (6a), replacing all Lagrange multipliers. The latter two terms are specific to
Wwaste management regions because of regional variations in waste management costs. In
other words, the locally optimal price is the private market clearing price, subsidized by
the avoided costs created by use of recycled materials and reflecting the local costs of
waste disposal created by use of the product. However, the price need not be composed
of a single price signal. The waste disposal charge can be added separately at the point of
disposal. In fact, as argued below, this may be preferable to a product charge. The
distinct and localized nature of the recycling benefit argues that the waste management
agency should subsidize the sale of its recycled material up to the full avoided costs or

social savings (the second and third terms on the right hand side of Equation (7)).
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(7)

OR, IGR,

. _(pk+py) r, (%_ d, )_*_ﬂ
q q aQi

In Equation (8), P;, the price of Y, is simiiar tv P, in that the sale of recycled
material should be subsidized to the extent that avoided costs are incurred through the use
of recycled material in the product. For example, a waste-to-energy plant should receive
a subsidy equal to avoided cost of disposal in the locality that the plant operates (the

second term on the right hand side of Equation (8)).

(8)

If P(‘z is substituted into the equation for ¥, the marginal disposal cost dd;/dQ,

cancels out, leaving the socially-optimal cost of production, denoted as Pg in Equation

).

9)
Substituting into the first order conditions for p, and yin Equation (10), the cost
to the manufacturer of the recycled material is set at the point at which the private value
of marginal product equals the marginal cost of recycling net of a subsidy equal to the
avoided costs of disposal. In other words, the waste management agency chooses to
recycle up to the point at which the difference between the cost and savings from
recycling equals the price for recycled material at which the market clears -- supply
should be in equilibrium with demand. The demand price for recycled material is

dictated by the added value to the producer from using the recycled material.?

3 n the unlikely case where the second derivatives of the recycling cost and disposal savings functions arc
cqual (i.c., the slopes are the same as in a lincar function) then an infinite variation of’ demand and supply
combinations arc possible.
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. .ada ‘ad. . ¢

q

and therefore,

;‘;—Z: - %’_ =P, 5’—“"] (10b)

Interestingly, as demand for Q or Y increases so that the value of marginal product
increases, the marginal revenues of the waste management agency may increase if the
marginal costs of recycling increase more quickly than the marginal savings
(d%c,/dR? > J*d,/IR}). The agency would benefit as sales of recycled materials
increase to meet demand. If the marginal costs of recycling increase more slowly than
the marginal savings, the waste management agency will find it advantageous to reduce
its recycling effort in the face of rising demand for Q or Y.

In the price for virgin materials, Equation (11), the cost of disposal disappears
except as an indirect influence through P}, on product demand and on p, . The result is
that the optimal virgin material price equals the private value of marginal product. The
optimal prices of the composite inputs, p, and p, also equal the private value of

marginal product of the input, as shown for p, in Equation (12).

P =|plk+ (‘L 9"]] aq an
Lt P v‘y

- aq

P =|pyvr, — gk (12)
] IoR, OR, q_ka%k

Comparing Equations (11) and (12), it appears that virgin materials need not be

treated differently than other types of inputs such as labor, capital or energy. Virgin
materials need not be treated differently because the equilibrium supply and demand for

Q is influenced by the cost of cach input in proportion to its value of marginal product.
y p prop g p
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i.e.. energy or labor contributes a proportionatc amount to the waste strcam through
demand effects just as do virgin materials. If the model included other products that used
the virgin material or the composite inputs, their prices would reflect these competing
uses but have the same general form as in Equations (11) and (12).

As a consequence of Equations (7) through (12), the optimal waste management
policy, if it is assumed that the goal is to maximize social welfare. can in principle be
implemented solely by the actions of local waste management agencies. If consumers
recognize that their purchase of a product will result in their incurring a waste disposal
charge that equals the marginal cost of local waste management, the price of the product
need not include this cost. If the waste management agency wants to encourage the
optimal amount of recycled material use, it will subsidize the cost of recycled materials in
a product by the amount saved in local waste management costs. If the waste
management agency sets the level of recycling at the point where the cost of additional
recycling equals the savings from additional reduction in waste material plus the revenue
from selling that unit, then the value of additional recycling equals zero. In this situation,
the socially optimal policy is to charge the cost of waste management at the point of
disposal in each locality and let the price of @ reflect the private cost of production.

There are several practical difficulties in implementing such a policy. The first,
and perhaps most intractable, is estimating the marginal social cost of waste disposal
(Hanke 1981). The cost of disposal may include the costs of several types of disposal.
such as landfilling, composting, and combustion. In addition, the marginal cost of
landfill disposal will include poorly defined costs such as the opportunity cost of land, the
depletion of older landfills, and the expected value (cost) of environmental damages, in
addition to operation and maintenance, overhead, capital, and land costs (Dunbar 1987).

A second difficulty is in how disposal costs are assessed at the point of disposal.

If the disposal costs of most waste components are highly correlated with component
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weight or volume. a so called "unit-pricing” method may be sufficient. Several studies
have found that unit pricing is a practical way to charge for waste disposal by waste
weight or volume (Morris and Byrd 1990; Skumatz 1991). It is unlikely that waste
disposal billing could be disaggregated beyond the level of the garbage container (i.e.,
charges cannot be assessed practically for individual articles of waste).

Finally, point of disposal charges will create an incentive for illegal disposal such
as dumping on public lands or in commercial waste containers. The overall costs of
waste disposal are large and estimates of the own-price elasticity of demand for disposal
services are very low (0 - 0.6) (Strathman, et al. 1995; Morris and Holthausen 1994).
Therefore, unit-pricing could substantially increase illegal disposal practices.

In the idealized model presented, waste recovery and recycling are no different
than other goods and services sold in a competitive market. In the absence of
externalities, it is economically efficient to charge the local marginal costs of waste
management services and for recyclers to "produce” at the point where the marginal
benefit of recycling is zero. In order to "produce"” at the point where the marginal benefit
of recycling is zero, waste agencies must subsidize the cost of recycled materials by the

amount saved in local waste management costs.

Non-ideal Pricing of Waste Services

In most places in the United States, residents do not pay the full social costs of
each item of refuse that they dispose and recycling levels are not set at the point where
the marginal costs and benefits of recycling are equal. Instead, waste disposal services
are often priced at the average cost of disposal. In terms of the model used in this paper.

disposal services are priced as in Equation (13),

D, A __IR")’W‘) (13)
Qi —IRi +Wi
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where W, is the quantity of all other waste disposed in region i (waste other than Q,).

Perhaps more important than their costing, waste disposal fees are often collected
as a flat fee through taxes or assessments. A fee that does not vary with the quantity of
waste disposed only reflects the average costs of disposal over the long-run. The
consumers’ short-run marginal cost of disposal is zero. Thus consumers only have the
most tenuous incentive to reduce waste generation.

Similarly, recycling services are not costed at their marginal costs, but rather at an

average cost of recycling,

C = “(R) (14)
R

The amount of recycling performed in a community is often set by participation or
recycling goals (rather than economic desirability), and thus there is a lower limit on the
amount of material recycled. The existence of this lower limit on the quantity of Q;
recycled is indicated by the use of I_{, in Equations (13) and (14).

One implication of using average rather than marginal costs of recycling to choose
the appropriate level of recycling is that the level of recycling may be inefficient. If the
average cost of recycling is less (more) than the marginal cost of recycling an additional
unit of a waste material, the quantity of the material recycled using an average cost
decision rule will be larger (less) than the efficient level that would result from a marginal
cost decision rule. As discussed later, because the average and marginal disposal costs
are dependent on the waste management system configuration, either cost may be the
larger. In fact, within one waste management system the marginal cost may be larger for
some materials while the average cost may be larger for other materials.

The impacts of imprecise averaging of recycling and disposal price signals can be
modeled by incorporating the average prices of waste disposal and recycling into the first

order conditions of the welfare maximization problem, Equation (6). Replacing the
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locally-dectermined marginal cost of disposal for an additional unit of @ in the first order
conditions (6) with the average cost (13), yields Equation (15). The subscript @ is used in
(15) to indicate that the average cost of disposal is replacing the partial derivative of
disposal cost with respect to . Similarly, replacing the marginal costs of recycling and
disposing of an additional unit of @ in the first order conditions with the average costs of
recycling and disposal, produces Equation (16). The subscript R in Equation (16)
indicates that the average cost of disposal is replacing the partial derivative of disposal
cost with respect to R. All other first order conditions are unchanged by non-ideal

pricing.
P,-D,=vy (15)
A=I(P,+D,)-C, (16)

The market clearing prices in the "second best world” can be solved for using
Equations {15), (16) and the unchanged first order conditions in (6). The price of Q,
Equation (17), is distorted in two ways from the optimal price in Equation (7). The first
term, the private cost of production is unchanged. The second term, the net social
savings from inclusion of recycled material, is the difference of the average savings in
disposal costs and the average costs of collecting and processing recycled material, rather
than the marginal costs. The third term, the cost of additional disposal, is the average
rather than marginal cost of disposal.

pQ=M_£‘L(Em_§_;)+I_in (17)
q q I
In Equation (18), Py, the price of Y, is biased from the optimal price, Equation

(8), through distortions in the avoided costs incurred by using recycled materiais. The

price of Y is similar to P,, in that the sale of recycled materials should be subsidized to
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the extent that avoided costs are incurred. The average, rather than marginal. avoided
costs of waste management appear in the second term of Equation (18). distorting the

price of Y.

Pyzpzz;_.v(ﬁm_ﬂ) (18)

In Equation (19a) the cost of production is now denoted as E'; and reflects the use

of average recycling and disposal costs in computing the net savings from use of recycled
materials. The cost of recycled material in terms of the (distorted) cost of production is
as shown in Equation (19c). The cost of recycled material is set at the point at which the
private value of marginal product equals the average cost of recycling net of a subsidy
equal to the average avoided cost of disposal. Thus, the market-clearing price of recycled
materials in this "second best world" is equal to the apparent difference between the cost
and savings from recycling. The recycled material cost equals the "apparent difference”
between cost and savings because the costs used are the average cost of recycling and

disposing of Q, while the savings is the average savings in disposal costs from recycling

0.

= k+pyv r (= C
pr=RITRY _Cufp 19a)
@ q q( " l] (15
g (= C,
pr—(PQ~DlQ)_+(DiR+pr__'] (lgb)
8rq 1
and therefore,
C = =»oq
T—DiR=P35—r_ (19C)

One goal for proponents of recycling is to generate more revenues for municipal

recycling programs. Often waste managers look only at the costs of recycling while
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ignoring savings from rcduced disposal (Morris 1994). In their view, the market-clearing
price for recycled materials shown in equation (19¢) should exclude D, (i.e., recycling
operations should be self-financing). The correct view is to ensure that the marginal total
costs of disposal with recycling do not exceed the same costs without recycling.

Combining Equation (15) and the first order condition for p, yields Equation

(20). As in the optimal case, Equation (11), the cost of disposal disappears except as an
indirect influence through P, on product demand and on p,. The result is that the
optimal virgin material price equals the private value of marginal product, but the net cost
of using recycled material, the second term in Equation (20), is based on average rather

than marginal costs of recovery and disposal. Combining Equation (15) and the first

order condition for p, yields analogous resuits for the price of k, as shown in Equation

21).
_ _ - dq
C —

py = pkk+rq(—l—'-—DmJ —/aa;— 0)
- 4 a-v Av
_ _ . dq

P = Pv"'*“'q(gi“_m] 43:; 2h
L Jd q-k /ak

Similar to the price of recycled material, the prices of virgin materials and the
composite inputs are distorted by the use of average cost pricing for the collection and
processing of recycled materials. Because the price of disposal has only an indirect
influence on the other prices through P:z on product demand, the average cost pricing of
disposal only directly distorts the price of Q.

In the "non-ideal world" model presented in Equations (17) through (21), the
market distortions are the result of using average, rather than marginal costs of waste
management services. It would appear that if current average and marginal costs were
similar, these distortions would not be large. However, because average waste service

costs are charged as a flat fee that does not vary with waste disposal rate, the marginal
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disposal cost ( dd; /dQ; in Equation (7)) may appear to the consumer to be zero.

Apparently free disposal of additional waste lowers the social cost of goods and leads to
over-consumption beyond that which would result from average cost pricing charged at
the point of disposal.

If goods and disposal services are substantially over-consumed. the total costs of
disposal may be significantly larger than in the optimal case. The costs of material
recovery may also be significantly changed by mandated recycling levels. Therefore. the
average and marginal costs of waste management today may be much different than the
costs that would exist at the optimal rate of consumption. If so, the true market distortion
in this "non-ideal world" is not due to the relatively small difference between the average
and marginal costs of waste services today, but the ditference between the current
average costs and the marginal costs that would exist at the optimal rate of consumption.

The market distortions caused by average cost pricing and flat fee billing for
waste services are difficult to estimate because they depend on consumers' uncertain view
of the cost of disposal. It is likely that consumers perceive the marginal cost of disposal
to be somewhere between zero and the average cost of disposal reflected in their monthly
bill or annual assessment; in which case, the above model represents a lower bound on
the market distortions.

It is clear that distortions due to average cost pricing exist in the market for solid
waste services. Although the size and significance of the distortions are uncertain,
several policy measures intended to increase recycled material use have been proposed to
correct them. In the following sections the performance of several policy instruments in

eliminating these distortions is evaluated.

Virgin Material Tax Analysis
It has been suggested that a tax on virgin materials could be used to encourage use

of recycled materials and correct waste disposal market distortions (Environmental
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Defense Fund 1992; Dinan 1993). In the context of this model, such a tax, T,, would

modify the price for @, equation (17), such that:

PQ=pkk+(p,+Tv)V_’4(5m_Qj+ﬁiQ (22)
q q

To achieve the optimal market price for Q, the virgin material tax should make

(22) be equivalent to (7), in the sense that both achieve Pé. Setting these equations equal

and solving for the optimal tax leads to:

R Y S o P L % _5
T'_v[l(aRi C‘] r"(aRi D‘“]’Lq(aoi Di"ﬂ )

Implementation of a virgin material tax, with the tax set as specified in (23), will
result in the socially optimal value of Pg. The tax could alternately be set to produce the
optimal price of recycled materials or virgin materials -- but only one of these objectives
can be achieved by this measure. A single instrument, in this case a tax, can set only one
price in the market. Two instruments, such as the tax and subsidy suggested by Dinan
(1993), could be combined to correct two price distortions.

As waste disposal pricing moves toward marginal costs, and recycling levels are
allowed to move to economically efficient levels, the virgin material tax as defined in
Equation (23) tends toward zero. Thus, using efficient pricing within the waste disposal
system eliminates the need for a virgin material tax.

Although the virgin material tax can achieve socially-optimal pricing of Q in the
presence of other distortions, other prices remain affected by average cost pricing and are
now also distorted by the virgin material tax. Substituting the equation for PZ, into the
non-ideal world recycled material price, Equation (19b), leads to Equation (24). The cost
to the manufacturer of recycled material remains at the point at which the private value of

marginal product equals the cost of recycling net of a subsidy equal to the avoided costs
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of disposal. The costs of recycling and avoided disposal arc unaftected by the virgin
material tax and remain distorted by average cost pricing. The private value of marginal
product, the added value to the producer from using the recycled material, is increased by
the tax on virgin materials. The tax distorts the price of recycled materials from the
optimum by increasing the cost of production (the parenthetical term in Equation (24)) by

the difference between the marginal and average costs of disposing of Q.

Q

C, -— R
—l‘——Dm=(P£+%— ,.Q);q (24)

q

where Pg is the optimal cost of production as in Equation (9).

Substituting P; and Equation (15) into the first order conditions for p, and p,

yields equations for the prices of virgin materials and composite k under a virgin material
tax, Equations (25) and (26). The prices of v and k remain equal to the private value of
marginal product; however, the costs of recycling and avoided disposal are unaffected by
the virgin material tax and remain distorted by average cost pricing. The tax introduces
distortions in both the price of the virgin material and composite inputs by increasing the
cost of production of Q by the difference between marginal and average cost of disposal
of @ (the third term within the brackets in Equations (25) and (26)). The cost of the good

Y, py, is unchanged by the implementation of a virgin material tax.

_ . 3q
— (ad —
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From an administrative standpoint, implementing any reasonable virgin materials

tax becomes difficult. The tax as defined in Equation (23) is based on the assumption
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that the virgin maicrial is used only to manufacture good @, and therefore corrects only
for distortions in the price of Q. Virgin material used to manufacture other products must
bear a different tax based upon the disposal and recycling costs of those other products.
Thus, a different tax is needed for each use of a virgin material.

The taxes must also be set differentially for each solid waste management region.
Given the heterogeneity of landfill design and operation, hydrogeology, land use, and
population density it is unlikely that aggregation beyond the regional level would be
effective. Given that most virgin materials are consumed and disposed of far from where
they are produced, local administration is infeasible. Even if some aggregation is
allowed, a national system for tagging the destination of each product would have to be
developed, and strict transport controls imposed to ensure that products stay within their
designated region to prevent arbitrage. Whether the social benefits of such a tax would
exceed its costs is uncertain.

The theoretical limitations of a tax on virgin material are that it can be used to
correct only one distorted market price and doing so will introduce new distortions into
the other market prices. A virgin material tax is, therefore, unsuitable for correcting the
multiple market distortions caused by average cost pricing of waste management services.
As a practical matter, a national tax cannot correct efficiently for localized distortions in
waste management pricing and the administrative burden of a regionalized tax are

overwhelming.

Minimum Recycled Content Laws

Another approach often proposed to encourage the use of recycle materials is
"recycled content” mandates, or laws specifying the minimum amount of recycled
material that must be used in the manufacture of certain goods (Menell 1990, H.R. 3865).
If binding, recycled content laws would dictate that the amount of recycled material used

in the manufacture of @, ry, is a fixed proportion, p, of the total material used:







