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Introduction

The purposes of this paper are to develop a
joint production model of solid waste recovery
and extend the model to include some rules of
efficient resource allocation with regard to
waste products. Part II is a brief discussion of
the taxonomy of solid waste management.
Part TIT develops a model of joint production,
and Part IV extends the joint production model
adding externalities (soctal costs) resulting in a
recycling production model. Aspects of the
medel examined include assumptions of the
model, joint production of finished goods, in-
termediate goods and solid waste, and, decision
rules (marginal conditions for optimization).

Taxonomy of Solid Waste Management

Solid waste includes both household and com-
mercial wastes e.g., garbage (wet) or rubbish
(dry). Waste may be either combustible, e.g.,
paper (largest component), wood, rubber and
plastic or non-combustible, e.g., metallic and
nonmetallic (construction rubble predominant)
olass, porcelain, and plastic.' Handling systems
are integral to solid waste management. In-
cluded in sewer systems are the storage func-
tion, collection and transport function {which
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composes 80% of handling cost), processing
function—compacting, grinding and shredding,
and, treatment function {disposal).

Typical treatment processes are varied and
are essential to recycling.? The best known of
these include landfill or dumping (most preva-
lent),? and, incineration with residue making up
about 40% of original weight of waste.* This
consists of metals, glass, ash and slag (for road-
beds, cinder blocks, or cement).® Less well

2This 8 a result of two factors. First, landfill is
cheaper than any other system. Second, without re-
cycling, as much as 50% of all waste generated must
be buried or dumped in the ocean, even with the use
of incineration or composting. Indiscriminate deposi-
tion of waste in the ocean has been shown widely to
be deleterious in many ways. (See Golueke and
McGauhey, 1:5, also A. V. Hirschheydt, “Problems of
Refuse Disposal,” and G. Sudhoff, “Methods of Plan-
ning and Preparing Plants for Processing or Disposal of
Communal Refuse; both in International Research
Group on Refuse Disposal, pp. 71-72, 359, September
1968.)

3The fill settles and decomposes over time, emitting
methane gas. This means that a waiting period, which
varies in length with the climate, is necessary before
the fill can be used. Methane emission, which may
last more than ten vears, makes building dangerous;
therefore, park reforestation are more appropriate.
{Methane and carbon dioxide may contarninate ground
water and lateral soil; so the choice of location is de-
pendent on hydrological and other geclogical param-
eters.) See M. W. First, F. ]. Viles, S. Levin, “Control
of Toxic and Explosive Hazards in Buildings Erected
on Landfills,” Public Health Reports 81:419 (May
1966); Golueke and McGauhey, 1:87-88; F. Heigl,
“Organization of Refuse Disposal,” in International
Research Group on Refuse Disposal, pp. 30, 33, De-
cember 1969; C. Schneider, “Sanitary Fill Reused
Safely,” The American City 68:83 (October 1953).

4F. A. Govan, *“‘High Rise Disposal Problems,”
Refuse Removal Journal 10:6 (March 1967).

$Municipal refuse has just under half the heat con-
tent of an equivalent weight of soft coal. This wiil
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known treatment processes include: pyrolysis—
thermo-chemical waste reduction without oxi-
dation—where waste is reduced to basics (e.g.,
charcoal, gas, tar, oil) and recycled for chemical
firms,® biochemical treatment which yields
solid conditioners or low quality fertilizer,’
lagooning—degradation of waste in ponds® and
recycling--salvage returned to productive sector
after additional process of treatment.®

Urban growth and waste generation aggra-
vated by lack of municipal planning resulting
from fragmented jurisdiction (e.g., 6.5 million

people in Northeast Dlinois are governed by
249 municipalities and 1060 local governments)
is one major factor in waste problems.!® Eco-
nomic stability based on msing consumption,
hence rising waste—is a second factor aggra-
vating waste problems.!’ Rising expectations
for environmental quality have brought pres-
sures to expand and improve waste handling
systems. A final factor is the continual resource
depletion which has fostered a need for re-
source recovery using waste as a substitute in-
put for production or as a marketable output.*?

generate about 1.5 pounds of steam per pound of
refuse. If used to generate electricity, each ton of
refuse will produce 200 kw-hrs. of electricity. The
steam, however, cannot be transported far. “Com-
bustible Rubbish Contents Favor Using Heat Re-
covery,” Refuse Removal Journal 10:32 (November
1967); “Navy to Incinerate Rubbish for Power,”
Refuse Removal Journal 10:19 (April 1967); E. T.
Hayes, “Man-Made Ores” in Proceedings of the Sym-
posium: Mineral Waste Utilization, p. 5; E. R. She-
quine, “Steam Generation from Incineration,” Public
Works 95:92 (August 1964).

6The gas can be used for a fuel, a reagent in reduc-
tion or ores or other reduction processes. As a fuel,
the gasses have about 400-500 Btu/ft. This would
generate 400,000 kw-hrs./100 tons of waste, All of
these gases burn cleanly. The charcoal can be used for
briquettes, a soil additive, or an industrial purifying
filter. The oils can be used for pesticides, wood preser-
vation, and industrial chemicals. Among these chemi-
cals are benzene, styrene, butadiene, methane, ethane,
methanol, and acetic acid. ‘“‘Discarded Tires Wilt Be-
come a Basic Chemical Feedstock Instead of a Junk-
yvard Evesore,” Chemical Engineering (2 December
1968), p. 53; “Pyrolitic Decomposition of Solid
Wastes,” Public Works 99(8):82 (August 1968); Gen-
tile, p. 188; Golueke and McGauhey, 1:96.

7From 1962 to 1964, nine American composting
plants closed down, leaving only fifteen in operation
today. J. S. Wiley, F. E. Gartnell, H. G. Smith, “Con-
cept and Design of the Joint U.S. Public Health
Service-Tennessee Valley Authority Composting Proj-
ect, Johnson City, Tenn.” in International Research
Group on Refuse Disposal, September 1968, p. 300.

Composting produces a bulky product high in po-
tassium and phosphates, but low in nitrogen. Com-
posting with sewage sludge improves the nitrogen cor-
tent. Depending on the length of processing, its use
viclds different results.

8Use for irrigation can stabilize a falling level of
ground water, but this type of operation presumes a
soil structure which will retain nutrients and filter the

water not used by crops. These nutrients are the same
as those which support choking algae to the detriment
of fish and fowl when refeased directly into rivers and
lakes. Potential potlution of ground and surface water
requires special construction andfor preparation of
digesting lagoons. J. R. Sheaffer, “Reviving the Great
Lakes,” Saturdey Review (Reprint) (November 7,
1970): McGauhey, pp. 153, 156.

9Recycling is used more extensively in Europe than
here. Salvage operations have actually decreased here
as manual sorting became too expensive, synthetics
reduced the need for used paper and rags, ink build-up
in used paper became too high for reuse, and alloys
became so sophisticated that used contaminated and
bonded metals could not be used profitably in the new
processes. Nonexistence of effective markets and
sporadic supply are also problems. Even so, Collins
estimates that as much as 50% of our wastes could be
salvaged. C. Collins, “Regional Systems Approach and
Market Development Seen as Key to Waste Recy-
cling,” Waste Age 1(1):20 (April 1970); Gelueke and
McGauhey, 1:105-6, 116; C. A. Rogus, “Refuse Col-
lection and Dispesal in Western Europe—Part 1H; Sal-
vaging, Composting, and Landfilling,” Public Works
93:139 (June 1962); J. E. Ullman, “Waste Disposal
and Social Costs™ in J. E, Ullman (ed.), Waste Disposal
Problems in Selected Indusiries (Hempstead, N. Y.:
Hofstra University Yearbook of Business, 1969),
p. 283.

107 R. Sheaffer, “Metropolitan Problems in Refuse
Disposal” in Proceedings of the National Conference
on Solid Waste Research (December 1963), p. 203.

117, K. Galbraith, “How Much Should a Country
Consume?” in H. Jarrett (ed.), Perspectives on Conser-
vation (Baltimore: Johns Hopkins University Press,
1958), p. 97; Golueke and McGauhey, 1:3; Kapp,
p. 64; Packard, p. 160.

12E.p., H. J. Bennett and C. Mozse, Scarcity and
Growth: The Economics of Natural Resource Avail-
ability (Baltimore: Johns Hopkins University Press,
1963}. “Mountains of Solid Wastes,” Bionomics Briefs
1(5):5 (September 1967); V. Packard, pp. 178-179.
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Pursuant to clarification of the economic basis
of such problems we examine a model of solid .
waste recycling.

Joint Production As An Economic Model of
Solid Waste Recycling

A. Assumptions and Qualifications

The model of solid waste disposal requires,
for purposes of analysis, a framework of as-
sumptions and qualifications:

1. We accept maximization of behavior on
the part of both firms and individuals as anal-
ogous to real experience. Firms maximize
profit and individuals maximize utility.

2. We assume the existence of definable in-
dividual preferences which are free of band-
wagon, snob, or Veblen effects. We expesct,
however, that individual preferences about free-
dom can be changed if loss of freedom is com-
pensated adequately.

3. We accept the distribution of income as it
stands and will attempt not to change it »iz any
given waste handling method.

4. We assume that society’s goal is to maxi-
mize the joint utility of its members. To the
extent that this means future members, we note
the delimitation established by the problem of
“option demand.” We expect to account for
every cost generated by an action.

5. We assume that an approach of partial
equilibrium can achieve maximized joint utility;
ie., the rest of the system will be assumed to
be in equilibrium conditions in order to make
waste handling efficient.

6. We assume that continuous substitution is
possible among factors and among goods.

7. We assume that institutions are not fixed,
but can be changed at a price;ie., institutional
change will be expressed as a cost. This cost in-
ctudes the direct costs of reorganizing (e.g., re-
location, wages) and the costs of compensation
for changes in individual utilities.

8. We assume that technology is changing
but is fixed at any given point in time. This

means that at any given point in time, all exist-
ing technology may be utilized, and improve-
ments may be anticipated. These improvements
carry a cost, however; following Galbraith, the
input-output relationship for investment in in-
novation is probably as stable as any others in
the long run, so that technological improve-
ment has a definable cost.!

9. We assume that marginal cost is a negative
marginal revenue, Therefore, everything may
be expressed as a marginal revenue of some soit.

A breakdown of costs is also required by the
economics of solid waste disposal, for purposes
of analysis:

1. Internal costs to the firm are those of
land, labor, capital, material inputs to manu-
facturing, and transportation. Transportation
costs may contribute to the costs of labor, ma-
terials, or finished goods. Land and capital are
assumed to be fixed in location.

2. Household costs involve land, labor, ma-
terials, time, and {ransportation. Capital is
amortized and included with materials as goods.
Labor per se means labor brought into the
household. Cost of labor within the household
is measured by the time cost.

3. External costs are more complex. Current
externalities are divisible: human health, prop-
erty damage, and aesthetic/recreation value,
Health costs are incurred by the public or by
sanitation workers, and are reflected both in
medical costs and in the wages of sanitation
workers. Property damage is both direct and
indirect. Recreational values are affected by
changed inclinations on the part of individuals.
Aesthetic externalities assess cost in terms of
reduced individual utilities,

All of these factors can be projected into the
future, because of the accumulation of solid
wastes. In addition, there are two explicit
costs: (1) option demand, which can only be
mentioned in passing, and (2) pecuniary ex-
ternality, or “backshift” cost, when the cost is

13Galbraith (1958), pp. 90-91.
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shifted forward in time because profitable mar-
kets do not exist in the present. However, for
brevity, we will not develop either of these con-
cepts in this paper.

Joint production is a process of production
involving more than one output for a given
number of inputs. It relates to manufacturing
production.

Solid waste, viewed as a “man-made ore” or a
“product for which no use has yet been found”
is essentially one product of a manufacturing
firm’s output. If a company produces one
major product, and its production technology
entails waste residues, then the firm in fact pro-
duces two joint products. The assumption is
that each firm uses only one product process,
but several inputs may be employed in the pro-
duction of both goods outputs and waste
products.

The following relation can be used to repre-
sent this production process:'*

qb(xl,...,xn)=1,l/(x1,...,x,,) (1)

where x; represent commodities and services,
¢ is the input function and ¢, the output func-
tion. Xxy,...,X, appears on both sides of the
equation. This is useful because in many cases,
output residues such as iron scrap or glass cullet
are recycled and upsed as inputs later. By not
classifying the x’s into several groups, we are
judging all inputs and outputs equally. Three
basic categories of outputs exist: (1} marketable
finished goods, (2) intermediary goods, (3) non-
marketable residues. It is not necessary to dif-
ferentiate, but only to describe goods of the
same genre but different quality, such s an-
thracite and bituminous coal.

It is useful to combine two functions of the
equation:

Fleo, ., xnY =, . %)
- o(xy,....xn)  (2)

14¢f. 8. V. Ciriacy-Wantrup, “Economics of Joint
Costs in Agriculture,” Journal of Farm Economics
23(4):778n (November 1941).

Then, if x; occurs both as an input and an out-
put, its magnitudes in each role may be com-
pared, and may be referred to as net input or
net output, or net product function, e.g. as in
equation 2, (Waste)=(Output) - (Input). In
essence, we have created an input-output rela-
tion in which final output is analogous fo
Leontief’s final demand.

What conditions prevail if the firm maximizes
profit? Profit may be expressed as:

¢
=) pdxi
i=1

where p;(x;) is the unit price of x; as a function
of x;, the quantity of x;. This is possible be-
cause input quantities are negative. Maximiza-
tion is facilitated through a Langrangian func-
tion encorporating implicit costs which is less
straightforward than a general function but
generates shadow prices for waste:

M=) PX)Xi~ N (i,

i=1

» Xn) such that

First order conditions are

ol 8F; of
=w-—=WX.+P.— —_—f7 = .
o aX; aX, 1 I ?\aXl(l 1: :n) (3)
and,
all’
0=S = (i Xy)

For any X; and X; where (8F;/3X;) =P; and
(aflax) =1

P;X5+Pi=?\f}randeXj +Pj=7\.f}'f (33)

or
PXi+ P _fi he ioi
P'.X:,—+Pj I ; we get the joint product. (3h)

Taking total differential of (2), the net product

S S e e S P
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function,
df=0=fdX, +- -+ fdX;
:f}dX}.i....+fnan
and dividing by d.X; and holding all other dX’s
except dX; equal to zero, we get:
a.X; X
.’+ .'—J = ._]_ = - —]
fi+ T oX, (Lor,fz:r ox, (4)
Hence:

PiX;+ 88X
If X; and X; are both outputs, then PiX;+P;=
MR; (the marginal revenue product) and like-
wise for Xj, P;X} +P; = MR; for a single firm.
The ratio of MR’s must equal the marginal rate
of product substitution. If X; and X; are in-
puts, then P/X;+P;=MC; and the ratio of
MC’s must equal the marginal rate of factor
substitution. If X; is an input, X; an output,

, the elasticity of output.

i}
equation (4} becomes MC; = a—}—(i MR; ie with
H

inputs negative, MC of an input must equal its
marginal revenue product. This completes first
order conditions.

Second order conditions follow from the
Bordered Hessian determinants, Dy, alternate in
sign, starting with D, > 0 up to

i7\f11"'7\f1nf;
S . . >0 )

ani e Rfrmfn

where fy is second partial of f to X; and X;.
AJfy; has an interesting interpretation.
Restating (3a} to interpret A

_PiX,+P; _oNIfoX; 3l

MU T, ey
and
oo
Ta=; OX0X, (6b)

We have the dominant of a closed connected,
non negative matrix with a unique A. The posi-
tive valued A indicates the second order condi-
tions for normal production are present. A
negative or zero valued A would indicate output
is an input.

(6b) indicates the change in X;’s marginal
contribution to profit for a change in X,

X; and X; are (1) complements, (2) substi-
tutes or (3) independent, respectively, if fj; is
greater, (2) less, or (3) equal to zero given
A>>0. In case (1), their MC’s are lower when
used together than used separately (if either is
recycled waste, it is productive). In case (2),
MC’s are higher when used together than apart.
in case (3), they have no effect on each other.
If X; and X; are outputs, we have similar ef-
fects. Case (1) means their joint marginal reve-
nue product is higher than their separate ones;
case (2) means the opposite. Case (3) means
they are nnrelated. Ilence Afy determines in-
ternal economies in joint production. For ex-
ample, let X; and X, respectively be inputs of
molten sodium silicate and cullet. Af7 , is posi-
tive because production efficiency is enhanced
by their joint use. Afy, is higher if X; and X,
are combined to make glass because adding
cullet to new material speeds glass production.
Afi is negative for detinned steel scrap and pig
iron because new steel is more efficiently pro-
duced if the inputs are used separately. All this
assumes normal production conditions ie.
A >0, without the existence of second order
conditions i.e. A0, effects of X; and X; are
difficult to interpret.

These are the basic conditions for efficiency
in joint production. They are no different from
those involved in the production of one good,
which is just one special case of joint produc-
tion. Joint production does, however, present
extra problems. If X; is an input and Xj is an
output, how do we decide how much X; is
being used specifically to produce X;? This
difficulty can be illustrated from the produc-
tion function in standard input-output formu:
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dy1 dyp 13 g
da1 Oz da3 doq
@31 d3p d33 g

d41 daz Q43 fdag

X3 di\
Xa '

X3 *
\x4 d4

i

Input-cutput provides a connected, closed, nonnegative matrix which furnishes the signs of the
partial cross elasticities of output computed in equation 4. Following (2), this becomes an input-
output matrix with net input x,’s negative and net output x;’s positive: X = (I~ 4)"d

1 — 4y - d1a — a3 — a4 Xy dl
-y 1- 5% = tda3 = daa X2 )
OR X (N
“@y  ~dxn l-a4 4w *3 ’
T sy ~ @y a3 17 daa Xg dy

The similarity to 2 Leontief model implies
four separate production processes—one for
each x; - a;’s take on a specific meaning which
is not immediately evident in joint production.
If coal and iron ore are being used to produce
pig iron and slag, what is the meaning of 8 (tons
of slag)/a (tons of coal)?

In a fixed technology, where all inputs and

x.
outputs occur in constant proportions, gj—can-
X

not be calculated. But in this case, the vector
of outputs can be treated as a single output.
Total revenue, for example, is a price-weighted
average of the outputs. It could just as well be
revenue from a single output, since output pro-
portions do not change and the joint produc-
tion problem does not arise. If the output mix
can be varied, however, by variation of the in-
put mix, then certain inputs must have a differ-
ential effect on the output mix. We can estab-

lish this effect using (7) where a—zl is simply
H

aji, a constant. Unfortunately, (7) implies con-

stant returns both to factors and to scale, and

neither of these prevails in industry. This is

especially true for the waste handling industry

which, if it uses recycling, has a wide range of

sharply increasing returns to scale.!> However,
we can use a system similar to (7) for estimating
?ﬁ
ax;

Given a level of output, an output mix, and
the associated input level and mix, we should in

ax]-

practice be able to determine incrementally e
i
and the point at which total marginal revenue
equals total marginal costs. Pareto-optimality
requires that the sum of marginal prices of
jointly produced goods must equal the marginal
cost of producing them.!®
There are practical limits in developing from
neo-classical welfare theory an estimate of ex-
ternal costs which may be feasibly used in an
operational model of solid waste. This leads us
to consider a more limiting but operational
measure, an effluent charge representing the
marginal external cost of joint production
which we will express as - MRy, a negative mar-

15W. W. Walters, “‘Production and Cost Functions,”
Eeconometrica, January-April, 1963, pp. 1-33.

16E, J. Mishan, “The Relationship Between Joint
Products, Collective Goods, and External Effects,”
Journal of Political Economy 77(3):331 (May-June
1969).
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ginal revenue of externalities. This measure will

prove most useful in the extended model which

follows.

Recycling Production Model

A. Prices and Production Levels

The recycling model is an extension of the
joint production model. For the effects of
joint production in terms of waste products, the
following conditions are to be noted:

MR, + MR, + - +MR, =0, )]
and

MR; = —?ﬁ MR; {2}
toax Y
where MK; is the marginal revenue of the ith
good or service. Externalities are considered
services or disservices, so that they may be in-
cluded in these conditions.

Four goods are to be assumed: Xp, Xp, X,
and Xz representing a finished good, a waste
good, an input, and an externality associated
with production of Xy. In respect to the status
of MRy, if positive, Xy is an output; if nega-
tive, it is an input. That is, a positive quantity
(output) with a negative price has the same ef-
fect on revenue as a negative quantity (input)
with a positive price, so that they are essentially
the same.

In using this convenience, the cost incurred
by X}y is an imputed cost. That is, some “real”
input must be used to dispose of this waste
material, and the negative price is really the
cost of this input. Nothing s lost by assurning
that X, can be used to this end.

When a firm recycles waste within its proper-
ties, it is not accounted for in (1) since waste
output becomes an -input. Waste appears as
one or the other only in net status.

How is the price of waste determined for a
firm? Price must be the same as marke{ value.
H its internal price or cost of disposal were
higher, the firm would not use it; if lower, a

demand would arise on the outside and the
price would rise. Therefore, it does not need to
appear in the production function.

B. Decision Rules

What, then, is the effect of Xy’s presence in
the production process? Suppose it is not
marketable. Buchanan and Stubblebine’s con-
dition'” requires that

-MRy - MR, - MRp =MR.
We can restate this as
MRp=-MRy - MR, - MRg. (3)

Then tota!l marginal revenue equals total mar-
ginal cost, and MRy becomes an internal cost,
This is simply restating the joint production
propositions following from equation (4), P. 64
in terms of MR’s, i.e. (PpXp + Pp) = (P X+
Py)-(P1X, +P,)- (PpXg + Pg), where P{=
op;

ax;’

It will be useful to define more precisely what
MRg is. Siating MR as an input implies that
the elements affected by the externality are also
inputs. This becomes clearer when we consider
that without the externality, the resources af-
fected can be used for some other purpose.
This corresponds well to Rothenberg’s concept
of a “quantity of assimilating medium.”*® This

17Buchanan and Stubblebine did for Coase what
Meade has done for Pigou. They derived the concept
of a Paretorelevant externality, defining it as a condi-
tion which exists between two individuals A and B.

Using Pigow’s system of taxes and subsidies, they
assume a diseconomy and internalize it as an exter-
nality, reducing the effects of 4 to zero. When B
maximizes his utility internally, Pareto-efficiency is
achieved. If however, the tax is not returned, and 7
maximizes a disequilibrium occurs. Pigou’s tax is not
Pareto-efficient. Two-way compensation is necessary.
.Further, the marginal conditions and use of marginal
rate of substitution indicate the importance of oppor-
tunity cost and the level of reduction. Reduction of
the externality must take place only to the point
where the system becomes an equality. This implies
that an externality will continue to exist even in
Pareto-optirmality.

18R othenberg, p. 116.



126 EASTERN ECONOMIC JOURNAL

medinm is being used as an input; as its supply
decreases, its price climbs, and justification for
its use depends on how much is added to reve-
nue. For efficiency, MRy = —%MR p, S0 that
aXgp

the extent of an externality depends on the
value of the good produced.

Another interesting conclusion can be drawn.

X
Efficiency requires that MRy =--— -1 MR,.
aX

X
But from above, L = 1, so that MRy, = MR;.
oX

In (3), MRy refers only to the production of
89X,

Xp. We find also that MR =—5}€MRP and
I

aXp
MRE va MRp.
that the whole cost of an externality falls on
the consumer, and none of it is absorbed by the
factors.

Xy is affected indirectly because waste and
externalities increase the marginal revenue
which must be gained from Xp. Assuming that
the whole industry is subject to the same tech-
nology and externalities, the firm faces a de-
creasing demand curve and production must be
cut back. This reduces the need for X; without
compensation. Hence, waste generation and
externalities affect both the consumers and the
factors.

Now suppose the waste generated is market-
able. Assume five goods: Xp, Xy, Xg, X, and
X (a finished product, a waste product [mar-
ketable], two inputs, and an externality). The
condition for efficiency is now

MRP+MRW=‘MRK"MRL - MRE (4)

That is, just because MRy, is marketable does
not mean that it will not produce externalities.
These externalities, however, will be the same
as those produced by any finished product and
therefore we will assert that Xg = 0.

Remember that if the output mix can be
changed by a change in the input mix, then

This states the conclusion

Xy and oXp are meaningful.’® Of course,
aXy 0Xg

they may vary with the level of production.
Our product and factor mix, then, will be con-

trolled by the conditions

aXp an
R, =22 MRp MR, =-— MRy
MRy =5x, MEr LAy
aXp Xy
MRy=- —2 MRy, MRy =-——2 MRy
et £ axy

Is this consistent with our previous conditions?

Yes.
Substitute for MRy, and MRy . Then

3x; ax
MRP+MRW=—5X—2MRPMB—£MRW
aXp Xy
- S2F pRp- S MR
axg T axe W
(% 3XRN e
3X; Xk
(Xw 3K\ e
X, X
=MRP+MRW

The price of factors, then, is determined by the
revenue from our products and their relative
contribution to each. And our waste product
has become a normal good.

An intermediate good is easy to deal with be-
cause it is very similar to the case of waste pro-
duced in conjunction with production of a
finished good. Input (the intermediate good)
has, however, a propensity for creating waste,
and is directly responsible for added costs (e.g.,
then added costs will be associated with use of
the intermediate good). It may, therefore, be
more efficient to use an input (e.g., coal witha

ax
19Fuler’s theorem would normaily require (;;ig) +

X . s
(2—3) =1. However, since our input quantities are
XK

negative, this expression equals —1.
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low sulfur content) with a higher initial cost,

but one which imposes fewer added costs. The

use of two inputs will be adjusted until the total
costs associated with each are equal. The ex-
ternal costs of waste still act as input costs to
the final product, and the consumer of the
finished product (viz the intermediate good)
bears the cost. Inputs bear the external costs
in an indirect manner,

While clearer gquantification of MR amplifies
the usefulness of the recycling model, all we can
suggest is use of accurate data on factor and
output prices and simulation of as nearly per-
fect conditions of partial equilibrium as possible
to increase the accuracy of the partial cross
elasticity of output measures.

Conclusions

There is a growing interest in waste as a valu-
able resource and it is drawing large firms and
modern technology into the field. 1In this
paper, we have approached the economic model
of recycling with a joint production model
where marginal conditions are identified. In-
ternal costs and a practical measure of external
costs have been incorporated into the model.

The applicability of the model relates to the
question of what combination of methods deals
most  efficiently with heterogeneous waste.
With regard to a special process, separation can

20In the separation process, the picture was in the
past one of intensive labor; that is, components were
either collected sepsrately from households (intra-
household labor-inputs and collection labor-inputs) or
separated by hand on a conveyor belt in treatment
plant after collection. The growing expense of time as
labor-inputs discouraged these modes, and the health
danger of the conveyor belt was another negative fac-
tor. Capital intensive methods were the next develop-
ment, for the purpose of specific separation. Capital
intensive methods generally require grinding or shred-
ding before separation, and utilize magnetism, specific
gravity, and/or grating for separation. The initial in-
vestment is large, and a large waste load is required o
brittg marginal cost above average cost. The problem
is ome of rising production.

be considered in the form of a joint-producing
firm. The value of each of its products can be
positive or negative which is shown by the
model. The problem of pricing can be handled
in one of two ways, depending on whether
waste is separated before or after collection.
Assuming that waste is separated after collec-
tion, the material-input has a potential for
causing waste handling and external costs. The
components show varying potentials, but it is
impractical to determine how much of each
component is contributed by a given waste
generator. The costs of negative-valued out-
puts, therefore, are charged against the revenue
of positive-valued outputs as shown by the
model.

If, on the other hand, waste is separated be-
fore collection, the inputs in the model can be
given different prices. These prices will in-
fluence the houschold’s valuation of a good
which has a propensity for causing waste
handling and external costs.

Industry is seeking new revenue sources and
the quantity of solid waste could be reduced
substantially if the value of new waste materials
were realized. Such realization is feasible by
making the joint production model operational.
Waste will, in the future, be treated increasingly
as a normal good and will be considered in the
market organization of industries. A less ob-
vious result is an increase in the efficient use of
resources for solid waste management. Fstab-
lishment of waste handling as a normal industry
will effect regional structure. This will affect
industrial focation, local prices and local tastes,
as well as introduction of new products in the
region as a result of recycling, in consonance
with growing interest in regional importance.
However, new opportunities must have public
support to bring about appropriate accounting
of external effects. Needed is a realization of
the potential of solid waste management, and
that proper economic concepts and tools can
provide a rational approach to the escalating
problem of solid waste management.
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