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ABSTRACT

This report exam nes opportunities for the application of econonic incen-
tive instruments for the managenent and reduction of hazardous wastes. The
anal ysis concludes that as long as firms conply with existing regul ati ons and
bear potential tort liability, no additional incentives appear to be war-
ranted. There may be significant residual external damages, however, if full
conmpl i ance cannot be ensured. Neither waste-mnim zation standards nor sinple
econom ¢ incentives appear promsing as regulatory strategies aimed at non-
conpliant firms. An innovative econom c incentive instrument is examned in
which the overt identification of nonconpliers is not required.

This instrument is applied to the case of used lubricating oil. An
enpirical methodol ogy is developed in which the effects of the incentive are
model ed based on exogeneous paraneters which include: (1) the relative price-
responsi veness anong waste generators, (2) the level of unit transactions
costs, and (3) the level of risk associated with existing or projected dis-
posal practices. The analysis shows that the conditions under which the in-
strument may offer net external benefits do not appear to exist in the case of
used oil, but may well be present in nore hazardous waste streans.  Sugges-
tions for future research and additional case studies are offered.
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Chapter 1

| NTRODUCTI ON

In the 1984 amendments to the Resource, Conservation and Recovery
Act (RCRA), Congress declared "it to be national policy of the United
States that, wherever feasible, the generation of hazardous waste be
reduced or elimnated as expeditiously as possible."1 Most observers
readily agree with the Congress that nodifying production processes to
reduce the anounts of toxic byproducts or treating wastes to render them
harnless are, at least in principle, far nore satisfactory approaches
than nore traditional methods of disposing of wastes. The Congressional
O fice of Technol ogy Assessment (OTA 1986; OTA 1987) has been a particu-
larly strong proponent, calling on the Environmental Protection Agency
(EPA) to shift its focus fromregulating wastes to discouraging their
creation in the first place. At Congress's direction, the EPA recently
conpl eted a najor study of opportunities for waste minimzation (EPA
1986a) .

Waste mininmzation also has strong appeal anong various interest
groups. For environnentalists, the attraction is obvious; wastes that
are not produced pose no direct threat to human health or the environ-
ment. The appeal also is strong for citizens' groups concerned about
the siting of hazardous waste treatment, storage, and disposal facili-
ties (TSDFs) in their comunities; they can respond to the question of
"If not here, where?" by arguing that industry can elimnate (or at

| east sharply reduce) the need for such facilities by avoiding the crea-

LRerA section 1003(b).
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Chapter 1

tion of waste in the first place. For industries currently generating
hazardous wastes, waste minimzation is attractive as a possible route
out of the increasingly high costs of disposal in conformance with RCRA

and state rules and the potentially crushing burden of tort liability.

Conpeting (and Confusing) Definitions

There seens to be a broad consensus that it is desirable to reduce
the anount of waste generated. However, this consensus breaks down once
the nature and form of new governnental prograns cones up. |ndeed,
there is considerable confusion and di sagreenent concerning precisely
what types of activities should be encouraged, and by whom  These defi -
nitional conflicts are well illustrated by noting certain areas in which

the EPA and the OTA disagree.

Waste M nimization, Waste Reduction, and Sinilar Terninol ogy

The OTA has argued fervently for a fundamental reorientation of the
nation's environmental policy, one that focuses on preventing pollution
rather than treating or disposing it at the end of the pipe. The OTA
advocates, anong other things, the establishment of a new, high-Ieve
O fice of Waste Reduction within the EPA. This office would have broad
responsibilities that cross the nedia-specific program boundaries upon
whi ch the agency has |ong been organized. Furthernore, the OTAis quite
restrictive in its definition of the kinds of actions that should qual-
ify as what is calls "waste reduction:" The mass and the toxicity of
waste nust be sinmultaneously reduced, and this nust be acconplished only

wi thin the production process and not added on at the end.
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| ntroduction

The OTA clains that this definition accurately reflects the Con-
gressional intent of the waste mininmization policy objective established
in the 1984 RCRA Anendnments. This is debatable because the statutory
| anguage is hardly explicit -- a point that the OTA readily concedes
(OTA 1986: 46). Furthernore, since the Congress defined 39 terns in
RCRA Section 1004, but refrained fromdefining waste mnimzation, waste
reduction, or any simlar concept that might operationalize its broad
policy statement, one might just as easily conclude that the Congress
deliberately left the issue anbiguous.

In the 1984 RCRA Anendments, the EPA was directed to subnit a

report

on the feasibility and desirability of establishing standards of
perfornmance or of taking other additional actions under this Act
to require the generators of hazardous waste to reduce the vol une
or quantity and toxicity of the hazardous waste they generate..

The words "volume" and "quantity" are wi dely viewed as synonyms; hence

the conjunction "or" between them But these terms are connected to

"toxicity" with the conjunction "and," inplying (certainly in the OTA's

view) sinultaneity. Nonetheless, in the EPA's Report to Congress the

agency construed this as an error:

EPA does not interpret that |anguage to indicate that Congress
rejected volunme reduction alone (with no change in the toxicity
of hazardous constituents) as being a legitimate form of waste
mnimzation. A generator that reduces the volune of its hazard-
ous waste, even if the conposition of its waste does not change
is acconplishing beneficial waste mnimzation. EPA believes
that waste concentr%tion may occasionally be a useful waste mini-
m zation technique.

"2RCRA Section 8002(r).

3EPA 1986a: iv.
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Chapter 1

Wiat the OTA calls "waste reduction" is closely related to what the EPA
(and many others) define as "source reduction,” a termthat has severa
years of historical usage but, to further nuddle the debate, does not

appear in RCRA

The Uni verse of Wastes To Be Covered

Anot her area of disagreenent is the universe of wastes to be cov-
ered by any new waste mnimzation regulations or prograns. The EPA
sticks to the statutory and regulatory definitions inplied by RCRA in-
asmuch as the waste minimzation issue has arisen within that context.
The OTA, however, would apply its preferred concept (i.e., "waste reduc-
tion") to all waste streans irrespective of the program under which they
are regul ated, and indeed, irrespective of whether they are currently
regulated at all. In the OTA's view, a conprehensive nultinedia ap-
proach to pollution prevention should not be artificially constrained by
program boundari es when technical criteria for naking distinctions are

difficult to muster (OTA 1986: 11; OTA 1987: 25).

 ni i . |t o : I
One point on which there does appear to be consensus is that tradi-
tional command-and-control regul atory approaches enploying standards are
unlikely to be of much value in directing waste minimzation (OTA 1986:
130; EPA 1986a: 94). Specification standards, which set requirements
for particular types of equipnment, clearly would not work. Establishing
them woul d require that the governnent get involved in the details of

production decisions in mllions of individual firns enploying many
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| ntroduction

t housands of different processes, a prospect that should daunt even the
nost ardent advocate of regulation. Moreover, npst observers seemto
agree that significant reductions in the ambunts of waste generated are
likely to require innovative changes in processes and, in sone cases,
products, which are difficult to specify a priori.

Performance standards -- setting limts on the ambunt of waste pro-
duced per unit of output -- are sonewhat nore plausible, but also are
likely to fail to acconplish nuch at reasonable cost. As with specifi-
cation standards, regulators would face a large and diverse universe of
production processes and firns. It is hard to inmagine EPA having the
resources needed to deternmine what |evels of waste were appropriate for
each of them particularly in the context of innovation in response to
price and regul atory changes. Al of these problems woul d be exacer-
bated by the fact that many waste streans are conplex m xtures of dif-
ferent substances, making it difficult to devel op workabl e definitions
of waste reduction. In addition, although perfornmance standards are
less likely than specification standards to freeze technology, it is
difficult to wite appropriate performance standards when technol ogica
change is an inportant factor. Witing standards that can be met with
current technology may provide insufficient incentive for innovation
but tighter standards based on the performance of new, perhaps as yet
unspeci fied, technologies run the risk of being infeasible or exces-
sively expensive if the hoped-for inprovenents fail to performas ex-
pect ed.

As a result of these problens and others, npbst operative and pro-

posed policies have eschewed conmand-and-control in favor of persuasion

1-5



Chapter 1

information, technical assistance, or linmted financial incentives. So
far, it is unclear that existing waste-mninzation policies have had
any neasurable effect. RCRA requires that generators file annual re-
ports on their waste-minimzation activities. Wen filing manifests for
shi ppi ng hazardous wastes, they also nust sign the follow ng statenent:
| have a programin place to reduce the volune and toxicity of
waste generated to the degree | have determined to be econonical -
ly practicable, and | have selected the method of treatnent,
storage, or disposal currently available to ne which mnimzes
the present and future threat to human health and the environ-
ment.
The neaning of this statement, particularly with its qualifying clause
of "econonmically practicable," is unclear. As a result, the "require-
ment" that all generators have waste minimzation progranms has only the
force of noral suasion.

Prograns to encourage waste minimzation are nmore active at the
state level. Some states now offer small grants or tax breaks to firns
undertaki ng source reduction. Qhers offer technical assistance or work
with trade associations to encourage the diffusion of information on
wast e-reduction techniques. Such efforts, however, remain mnuscule
conpared to the resources devoted to witing standards for and issuing
permits to disposal facilities.

Economic incentives may offer useful alternatives or supplenments to
nore traditional forms of regulation in seeking to reduce hazardous
wastes.  Economists have |ong advocated incentives for their efficiency

in allocating resources when regulated parties vary widely in their

costs of achieving desired goals. Such flexibility is particularly im

450 Federal Reqgi ster 28744 (July 15, 1985).
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| ntroduction

portant for waste mnimzation, because the nmpbst cost-effective ap-

proaches are likely to vary so widely across industries and firns.

An Overview of this Report

This report exami nes sone of the possible ways in which the regul a-
tion of hazardous wastes might be inmproved by nore explicitly integrat-
ing economic incentives into the regulatory system Although our enpha-
sis is the effect of incentives on waste mininzation, we do not [imt
our analysis to reductions in waste, because we think that it is inpor-
tant to renmenber that waste mnimzation is not an end in itself, but
rat her one of several interacting nmeans of reducing the risks of hazard-
ous waste. The desirability of waste mnimzation should not be eval u-
ated in isolation fromthe rest of the system

In addition, our analysis goes beyond incentives that are targeted
explicitly at reducing waste. The anmounts and types of waste minim za-
tion that occur depend not only on policies targeted directly on such
activities, but also on the incentives created by other policies, par-
ticularly those that regul ate disposal nethods. The nost efficient in-
centives for reducing wastes (and risks) may be indirect, with little or
no explicit tie to waste mnimzation.

Chapter 2 lays out our basic analytic framework, and uses it to ex-
amine the effect of existing indirect incentives for waste mnimzation.
It shows that firms will have inadequate incentives to reduce wastes if
di sposal is risky and those risks are not internalized, as was probably
the case until relatively recently. Stringent disposal standards and

liability rules, however, have |owered risks and raised disposal costs,
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Chapter 1

so that the gains from additional waste reduction are likely to be rela-
tively small, if firms conply with the regul ations.

In Chapter 3, we exanmine the problem of inconplete conpliance with
RCRA rul es. Sone types of waste are outside the RCRA framework, while
in other cases firns fail to obey the rules, either out of ignorance or
by conscious choice. Mny (perhaps nost) firms nomnally within the
regul atory systemfail to neet at |east some requirenents. Firms out-

side the regulatory system operating in the "black market," are poten-
tially a nore serious problem but their nunbers are difficult to gauge

We apply our framework to the problem of nonconpliance in Chapter
4, first showing how tightening standards, while it may reduce risk from
firms that conply and al so reduce the wastes they generate, can increase
risk by driving nore firnms out of conpliance. Enforcenent is the obvi-
ous traditional answer to nonconpliance, but ordinary regulatory enfor-
cenent targeted at firnms known to the regul ator can have perverse ef-
fects by driving theminto even nore hazardous bl ack-nmarket disposal
To avoid that problem |aw enforcenment efforts also nust be directed
agai nst the black market. To the extent that enforcenent efforts are
successful, they also increase waste-mnininization efforts by raising the
effective cost of disposal

Enforcenent attenpts to encourage safe disposal by raising the ex-
pected costs of the alternatives. In contrast, safe-disposal subsidies,
as discussed in Chapter 5, act by lowering the cost of disposal in com
pliance with RCRA rules. Such subsidies nmay be particularly desirable
when it is difficult to identify nonconpliers because they create incen-

tives for firns to identify thensel ves. Di sposal subsi dies, however,
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| nt roduction

| ower the cost of generating waste, and thus weaken incentives for waste
m ni m zati on. In theory, subsidies for waste mininization can offset
these problems, but they are alnost certain to be very difficult to im
plement. Most of the waste-mnimzation subsidies that have been con-
sidered thus far are indirect and inconplete, and suffer frommajor tar-
geting inefficiencies. Mreover, as has |ong been known in the econom
ics literature, subsidies to reduce negative externalities pose a vari-
ety of problens, including distorted product prices.

As we analyze in Chapter 6, in sone cases pairing an input tax with
a safe-di sposal subsidy may conbine the best of both types of incentive
instruments -- encouraging waste mnimzation through the tax while the
subsidy provides an incentive for firms to choose |egal disposal neth-
ods. Despite the general lack of enthusiasmin the political systemfor
incentives, such tax-subsidy schemes flourish under the rubric of
deposit-refund systens.

Chapter 7 presents as a case study the problem of used |ubricating
oil, a large volune waste stream that has troubled policy makers and
regul ators for many years. W show how a deposit-refund system coul d be
used to reduce the amount of used oil that is dunped or disposed in en-
vironnental Iy harnful ways. W provide crude estinmates of the net bene-
fits of such an approach, and al so anal yze the inpact of transactions
costs and other factors.

Finally, in Chapter 8 we briefly suggest areas for future research.

1-9



Chapter 2

I NDI RECT | NCENTI VES FOR WASTE M NI M ZATI ON

Waste minimization may play a key role in efforts to reduce the
heal th and environnental risks posed by toxic substances. |n many in-
stances, reducing the amount of waste will be both cheaper and environ-
mental |y safer than generating and disposing of it. Waste mininzation,
however, is not an end in itself, but rather one of several neans for
reducing risk. Mreover, progress in the reduction of hazardous wastes
is affected by many policies that are not explicitly targeted on it, in
particular by regulations that affect the cost of disposal. Thus, we
shoul d not exanmine waste mininmization in isolation, but rather as part
of a broader set of interacting opportunities for reducing risk.

In this chapter, we develop a framework for examining those inter-
actions, and then evaluate the extent to which existing regulatory,
legal, and market forces provide appropriate incentives for waste mni-
mzation. W begin with a sinple model of a firms decision in which
risk is determned by the volume and toxicity of waste generated and by
how it is treated and di sposed once created. This nodel allows us to
expl ore how existing regulation of treatment and disposal indirectly af-
fects waste minimzation decisions, and to show how incentives for waste
mnimzation may be suboptimal because firms do not pay for the risks
i nposed by their wastes.

If disposal risks are tightly regulated and disposal is costly,
however, the potential gains frominducing firms to engage in additiona
wast e mninization appear to be small. These potential gains | ook even

smal | er when we extend the nodel fromthe firmto the |level of the
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mar ket . In the final section, we exami ne the extent to which existing

regulations and tort liability have already notivated firns to internal-

i ze damages

Waste-Minimization at the Level of the Firm

The Basic Model

W begin with a basic nobdel of the choices.facing a firmwith
respect to waste minimzation and disposal of wastes. Figure 2-1
presents a very sinple flow chart, starting with inputs to the firnis
production process, which yields both the final product and wastes. The
anount and conposition of the wastes can be affected by the firnis
choice of inputs and its production process. Finally, the firmalso
must choose how to treat and di spose of the wastes that are created. !

In describing the nodel, we proceed backwards, starting with disposal

Inputs - E’roduction — - Waste 9 Tre'otment/
Process Disposal

Figure 2-1. Flow Diagram of Waste Generation and Disposal within the
Firm

“Treatnent” may enconpass everything from extensive actions that

render the waste harm ess to sinmply pouring it into a drum  For con-
venience, we shall refer to "treatnment and disposal" sinply as "dis-

posal . "
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Disposal costs and risks. The risk posed by waste depends not only

on its volume and toxicity when generated, but also on howit is treated
and disposed. Let r be the risk posed by a unit of waste, where r is
affected both by treatnment and the nethod of disposal. For carcinogens,
for exanple, r might be defined in terns of predicted cancer cases per
unit of waste. W assunme that for a given conbination of waste types,
treatment, and disposal, r does not vary with w, the ambunt of waste per
unit of output; i.e., the increnmental risk posed by another unit of
waste is invariant with respect to the amount of waste. This assunption
is consistent with the standard regulatory presunption that the dose-
response function for carcinogens is linear at |ow doses. Even if the
dose-response function is not linear, it is likely to be a reasonable
approxi mation for an individual firms wastes if they are deposited at a
site with the wastes frommany other firms; in that case, the firns
wastes are small relative to the whole, so that marginal damage will not
vary much with that firms wastes. 2

The level of risk per unit of waste can be affected in a wide vari-
ety of ways; sone wastes, for exanple, can be treated chemcally to
sharply reduce their hazard potential. The risk also depends critically

on the nethod of disposal; switching the disposal of a |liquid waste from

an unlined lagoon to sealed fiberglass containers in a double-Ilined

29f nonlinearities are significant, a full accounting of them would
require taking account of the cunulative nature of wastes. In such
cases, marginal risk is likely to be a function of cunulative wastes
deposited at a site (and at other sites near enough to affect the sane
popul ations), rather than on just the flow of waste into treatnent and
di sposal
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landfill, for example, is likely to reduce risk. Proper incineration
may reduce risk still further.
W denote the cost of achieving a risk level of r as D(r). Thus,

-D (r) is the marginal cost of reducing risk. W assune that D(r) is U
shaped; even in the absence of any intervention, cost-mninimzing behav-
ior by the firmleads to a finite risk level, ry (where the subscript
“N' is memonic for "non-regulated"). Reducing risk below that |evel,

however, increases disposal costs:

<0, forr > Ty,
(2-1) -D’'(r) { = 0, for r = ry,
>0, for r < ry. and

D'’'(r) > 0.

If the disposal facility is not regulated and is not liable for the risk
inmposed, it will set r = ry, the cost-nminimizing risk level. Note that
al though this is the point at which the marginal cost of risk reduction
is zero, the cost of disposal, D(rN), is likely to be positive; even if
firme bear no liability for damages and disposal is unregul ated, dispos-
ing of nbst wastes entails sone cost.3
Note also that while we assunme that the marginal cost of risk

reduction rises as r is reduced over the relevant range (r s ry), the

unit cost of disposal does not vary with volune; i.e., for any given

type of waste and risk level, the incremental cost of disposing of an-

3one i nportant exception would be wastes that have a positive net
value in recycling or other uses.
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ot her unit of waste does not vary. This assunption is valid if the
mar ket supply curve of disposal services is perfectly elastic, or if the
individual firms demand for disposal services is small relative to the

mar ket as a mhole.4

Cost _of waste mninization. Let w be the anpbunt of hazardous waste

produced per unit of output, where wis defined to incorporate both
volume and degree of hazard. W assume constant returns to scale in the
production of the good and its associated waste; for any given technol -
ogy, doubling output doubles costs and generates twice as nuch waste.
The cost of producing a unit of output with an associated waste of wis
Mw), the cost of the least-cost conbination of inputs (including the
design of the production process) for that |evel of waste. This cost
function, however, does not incorporate any disposal costs or damages
caused by the waste that are external to the firm

We assune that Mw) also is U shaped; i.e., at high levels of
waste, firms save noney (even without considering disposal costs or ex-
ternal damages) by reducing wastes. If firms are cost nminimzers and
di sposal does not have a negative price, however, the nmarginal cost of
waste mnimzation per unit of output, -M (w, wll be positive over the

rel evant range. W neke the further reasonable assunption that the

SFor the market as a whol e, the supply curve is likely to slope up-
wards; higher prices are needed to elicit additional supply. W dea
with this case later in the chapter. For individual firms, the margina
cost of disposal may fall with volume; many disposal firms charge |ess
per unit for large quantities of waste than for snall ones. However, so
long as the marginal cost of disposal does not fall nore rapidly than
the marginal cost of risk reduction (-D (r),) the marginal efficiency
condition still gives a global optinmm
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mar gi nal cost of waste reduction increases as waste-reduction efforts

becone nore intense (i.e., as wis driven towards zero):5

(2-2) M (W) =0, and

M (W >0

If disposal is competitive, the price that a firmfaces for disposal
will be equal to its cost. 6 Thus, the firm s cost of producing a unit

of output if disposal is unregulated is:

(2-3) C=Mw + WD(I‘N)

To find the optinmal anmount of waste minimzation, we differentiate Equa-

tion 2-3 with respect to w

(2-4) aC/3w = 0 = M (W + D(ry),
whi ch vyields:
(2-5) -M (W = D(ry).

>This assunption is inconsistent with the view that some
ent husi asts of waste minimnzation seemto hold -- that firns routinely
pass up significant potential cost savings from waste mnimzation. Al-
t hough we do not claimthat real firms have perfect know edge and con-
stantly optinize to reduce costs, we also think it unreasonable to think
that firns consistently, over long periods of time, choose production
processes that are nore costly than necessary, as neasured fromthe
firms' perspective.

Later in this chapter, we discuss what happens if the providers of
di sposal services exercise narket power, and hence set the price above
mar gi nal cost.
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Thus, the firm nininizes waste to the point at which the, narginal cost
of reducing waste is equal to the cost of disposing of a unit of waste.
W denote wy as the level of waste at which this condition is achi eved. /

It is inmportant to recall that w incorporates the degree of hazard
as well as volume. Although for convenience we generally shall refer to
w as a quantity, reductions in w could nean reductions in hazard as well
as reductions in volume; in the sinple case in which wis proportiona
to volune and toxicity, for exanple, a four-fold reduction in w coul d
reflect reducing volume or toxicity by a factor of four, cutting both in
hal f, or sone other conbination of actions. Changes in w could cone
about through changes in inputs (e.g., switching to a less toxic sol-
vent), changes in the production process (e.g., increasing the ef-
ficiency of a conversion process so that nore of a feedstock ends up as
product and less is generated as waste), or inproved pre-disposal man-
agenent practices (e.g., pretreatnent or neutralization).

For the nonent, we assune that the only significant risk occurs
once the wastes have been treated and disposed; i.e., we do not consider
risks in the production, transportation, and pretreatmnment processes.

The risk posed by producing a unit of output is then w, the amount of

waste tines the risk per unit of waste.

Social costs. To derive an expression for social cost, we need to

express the risks in the sane units as the costs. Let XA be the cost of

7 Note that wy is not the level of waste at which M (w) = 0, because
the cost of disposal in the absence of regulation is unlikely to be
zero
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a unit of risk. For exanple, in the case of a carcinogen, A mght be
defined as the dollar value assigned to preventing a case of cancer
Assi gni ng such a value obviously raises a host of conplex and troubling
i ssues that have been addressed at |ength, though w thout conplete
resolution, in the literature. 8 Fortunately, for our purposes here, how
nmost of those issues are resolved is irrelevant; all that we require is
acceptance that there is sone finite value to reducing risk that can be
assigned, either explicitly or inplicitly. W also assune, for reasons
argued el sewhere (N chols and Zeckhauser 1986), that the value of risk
reduction is proportional to the anount of risk reduced; e.g., prevent-
ing two cases of cancer has tw ce the value of preventing one case.
Usi ng the notation devel oped above, the social cost of producing a

unit of output is given by:

(2-6) S = Mw + wD(r) + Awr

The first termon the right-hand side is sinply the firms cost of
producing a unit of output given that it generates w units of waste per
unit of output. The second termis the cost of disposal, which is the
anount of waste tines the unit cost of disposal, with the latter a func-
tion of the risk level. The final termis residual external damage
which is the product of three factors: the risk per unit of waste (r),
times the amount of waste per unit of output (w), times the dollar value

of risk (\).

&ggg, e.g., Bailey (1980), and the summary by Nichols (1984: 135).
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Optinmal disposal and waste minimization. To find the optinal sol u-

tion, we take the partial derivatives with respect to the two contro

variables, wand r, and set the results equal to zero:

(2-7) 3S8/8r = 0 = wD'(r) + Aw, or
-D'(r) = X,
(2-8) 3S/8w = 0 = M’ (w) + D(r) + Ar, or

-M’(w) = D(xr) + Ar.

Equation 2-7 says that the optimal disposal efforts reduce risk (r)
to the level at which the narginal cost of risk reduction is equal to
its marginal value; note that because we have assumed that danages are
proportional to the anount of waste, the optimal |evel of disposal risk
i s independent of the anpunt of waste generated. Figure 2-2 il-
lustrates Equation 2-7. The marginal cost of risk reduction rises as
the risk level is reduced, starting froma value of zero at r = ry; the
opti num r*, is the risk level at which the marginal cost curve inter-
sects the margi nal danmge curve, the horizontal line at a height of A.
Reducing r from ry (the value that firms would choose in the absence of
regulation or internalizing the risks) to r* yields a net benefit per

unit of waste equal to the area of the darkly-shaded triangle, which is

9Thi's resul t may strike many readers as inprobable; after all, the
nature of the waste will affect the optimal type and degree of treatnent
and disposal. Qur nodel does not violate that fact, however, as it does

not say that the optimal disposal of a unit of waste is independent of
the nature of the waste, only that the price of disposing of any partic-
ular kind of waste is fixed over the relevant range for a firm
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the difference between the value of the reduction in risk (the sum of
the two shaded areas) and the increase in disposal costs (the lightly-

shaded triangle).

—D'(r) = MC of Reducing Disposa! Risk

)
=
&)
>
>
) Net
8 A Extern.cl
_ Benefit:
2 Less Waste
o Net
S Private
= Expenditures |

for Waste

Minimization

* r

r N
Disposal Risk Per Unit of Waste
Figure 2-2. Optimal Level of Disposal R sk

Equation 2-8 says that waste mnimzation should proceed to the
point at which the nmarginal cost of additional effort is just equal to
the cost of disposal plus the residual damage caused by a unit of waste
(given the current disposal effort). Note that the optiml |evel of
waste mninmzation depends on the |evel of disposal through two counter-
acting mechanisns; as disposal is nade safer (r is reduced), disposal
costs [D(r)] rise, which increases the desirability of waste mnimza-
tion. Reducing r, however, reduces the residual external damage caused
by a unit of waste, which reduces the optimal |evel of waste m niniza-
tion.

Figure 2-3 illustrates the situation; for sinplicity, we have used

the realization of the firmis cost function, C, instead of the full
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functional specification in Equation 2-3. In Panel (a), if disposal is
unregul ated, the firm chooses a waste |evel of wy, the point at which
the narginal cost of waste minimzation [-M(wW)] is equal to the cost of
unregul ated di sposal [D(ry)], which we now denote as Cy. G ven that
| evel of disposal risk, however, the marginal social value of mnimzing
waste is Sy = Gy + Ary, the highest horizontal line, and the socially
opti mal amount of waste per unit of output is wyq. Thus, if disposal is
cheap but risky, the firmwll engage in relatively little waste mni-
m zation, but a conparatively high level of effort will be justified in
terns of social net benefits. |If we had no control over disposal, but
could regulate the anount of waste minimzation, the optimal |evel of
waste to allow would be wy. At least in theory, that level could be
achi eved either by inposing a standard at that level or by charging the
firma fee of Ary for each unit of waste disposed. The net benefit per
unit of output of reducing waste fromwy to wy would be the area of the
shaded triangle in Panel (a), ¢ + d + e, which is the decline in ex-
ternal damages less the cost of the reduction in waste.

Now consi der the opposite extreme; we could regulate disposal to
reduce risks to their optimal [|evel, r*, but have no control over waste
m ni m zati on. Reducing the risk fromry to r* reduces the net socia

cost of a unit of waste from

(2-9) Sy = Oy + ATy,
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to

*
(2-10) §* - D(z¥) + A = Gp + ar

where Cp is the cost per unit of waste of regulated disposal at the risk
level r*. This reduction is equal to the area of the darkly-shaded tri-
angle in Figure 2-2, and represents the difference between reduced
damages and hi gher disposal costs. |f the anpbunt of waste generated per
unit of output remained at wy, the social cost per unit of output would
be reduced by the area of the shaded rectangle (a + b + ¢) in Panel (b)
of Figure 2-3, which is the reduction in the social cost of a unit of
waste tines the anount of waste generated per unit of output.

Full optimality requires coordinating disposal and waste mininza-
tion, which is illustrated in Panel (c) of Figure 2-3. |f disposal risk
is reduced to r” through direct regulation or other means, the optim
[ evel of waste is shown as w*, the level at which the marginal cost of
waste mininmization is just equal to the marginal social cost of another
unit of waste given that disposal risks have been optinmzed. Note that
W is less than wy, the unregulated amount of waste, but higher than wy,
the optimal amount of waste at the original disposal risk. Thus, safer

di sposal reduces the social value of waste nininization."

10 ¢ di sposal regul ations are pushed beyond the point at which
mar gi nal cost equals marginal benefit, additional tightening of disposa
regulations will increase the total social cost of a unit of waste (be-
cause the incremental increase in disposal costs will exceed the in-
cremental reduction in damages), thus increasing the value of waste
reduction. The gap between social and private costs of waste disposal
however, will continue.to shrink as disposal regulations are nade nore
stringent.
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Once disposal risks have been |owered, reducing waste fromwy to W
provides a net benefit per unit of output equal to the area of the
darkl y-shaded triangle (d + e), in addition to the benefit achieved by
reducing the risk of disposal. Thus, the net benefit of optimzing both
di sposal risks and waste generation is equal to the sum of the two
shaded areas (a + b+ c +d + e) in Panel (c) of Figure 2-3. 11

This optinum might appear to require sinmultaneous, coordinated
regul ati on of both disposal and waste mininization. A charge levied on
di sposal, however, can achieve full efficiency by providing the ap-
propriate indirect incentives for waste mninmzation

Suppose the regulator levies a tax or fee of t per "standardized"
unit of waste disposed, where the standardization factor is r, the risk
per unit of waste. For exanple, if two lots of waste have the sane
vol ume, but one poses twice the risk as the other (because of dif-
ferences in disposal nethods or because of differences in the degree of
hazard), the riskier one would be counted as twi ce as many standardized
units. 12 Faced with this charge, the firms cost mnimzation problem

is:

(2-11) Mn C=Mw + wD(r) + tw.

If t = X, the values of wand r that nminimze Equation 2-11 will be the

same ones that mninize social cost in Equation 2-6. The intuition be-

llAttributing the net benefits to safer disposal or reduced waste
generation is, of course, sonmewhat arbitrary, as the part of area c
lying above area d could be allocated to either

12'Equivalently, the fee could be adjusted to reflect the risk, and
then levied on w al one.
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hind this result is straightforward. The fee provides an incentive for
firms to select less risky disposal nmethods because it increases wth
the riskiness of the disposal nethod selected. Reducing the risk raises
the cost of disposal, and hence the price that generators nust pay. In
addition, because the fee nust be paid for any residual risks, firns
also are forced to internalize the remaining external damages of waste
generation. As a result, they face the full social cost of generating
waste, and thus have the appropriate incentive to reduce it. Moreover,
regul ators can set the optinal fee without knowi ng the cost functions
for either waste nmininmzation, M(-), or disposal, D(-). They need know

"only" the marginal damage, 213

Disposal standard. Whatever the theoretical nmerits of such a
charge, in practice the regulation of the risks of hazardous waste dis-
posal relies alnost entirely on standards; To what extent will such
standards al so provide appropriate incentives for waste mnimzation?

As shown earlier in Equation 2-7, the optimal |evel of disposa
risk is independent of the level of waste mininization. Suppose that

*

the regul ator inposes a disposal standard of r”. The firmnust pay for

di sposal, but no requirenents are placed on waste mnimzation and no

charge is inposed for residual risk. Thus, the firms cost mninization

problem is

131hi s concl usi on requires at least two qualifications. First,
mar gi nal damage is extraordinarily difficult to estinmate, because of un-
certainties about both the risk levels and how to value their reduction
Ef ficient standards, however, are equally dependent on the reliability
of the damage estimates, so that uncertainties about narginal damage do
not provide a basis for choosing between price- and quantity-based
schemes. Second, the optimal charge rate will not be independent of the
cost functions if our assunption that damage is proportional to both w
and r does not hol d.
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(2-12) Mn C= Mw + wD(r¥).

Differentiating with respect to the firms only decision variable, w,

yi el ds

(2-13) “M(w = D(r¥).

As in Equation 2-5, the firmreduces waste to the level at which the
mar gi nal cost of reducing waste is equal to its disposal cost. Conpared
to the unregul ated equilibrium however, two inportant factors have
changed. First, disposal costs have risen, so that the firm has a
stronger incentive to reduce wastes; in Panel (d) of Figure 2-3, it
reduces its waste per unit of output fromwy to wg, the point at which
Equation 2-13 is satisfied. Second, the net social cost of waste has
declined, so that the socially optinal |evel of waste per unit of output
has increased, fromwy to w'. As a result, the di ver gence between the
private and the socially optimal |evels of waste mininmization is reduced
substantially, though not elimnated altogether. A conparison with the
social optimality condition given in Equation 2-8 and illustrated in
Panel (c¢) of Figure 2-3 shows that the firmwll not go far enough in

reduci ng waste; Equation 2-13 does not include the residual damage term
Ar. 14

s tenpting to suggest that the regulator tighten the standard
beyond r*, so the firm's cost would be raised to S°. The problemwth
that prescription is that unlike the fee or tax, which is a transfer
the extra control cost is a real cost. In addition, note that no matter
how tight the standard (short of zero risk), there is still sone
resi dual damage that the firmis not paying for, so that this problem
remains even if the standard is "too tight."
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Rel ative to the unregul ated outcome, the optimal disposal standard
yields net benefits per unit of output equal to the sum of the two
shaded areas (a + b + ¢ + d) in Panel (d) of Figure 2-3. Rel ative to
the optimal disposal charge, it falls short by the area of the

di agonal | y-shaded triangle e. The size of that triangle is given by:

R

(2-14) AS = [wp - W 1[D(r®) + Ar¥] - JW-M'(w)dw.
: *
w

If we use a linear approximation for -M(w, this expression may be

rewritten as:
(2- 15) aS = [wg - W ][Ar™]/2.

The marginal cost of mnimzing waste, -M(w), my be thought of as
an inverse denmand curve for the right to generate waste; i.e., it gives
the marginal price that the firmwould be willing to pay to be able to
generate that nuch waste per unit of output. Let e, be the (absolute
val ue of the) own-price elasticity of demand for generating waste at the
price D(r*) and the quantity wp. Along the "denmand curve" [-M (w)], the
change in quantity (wg - w*) is associated with a "price" change of A,

Thus, by the definition of elasticity,

(2-16) €, = . ' or
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(2-17) wp - W o= e, [wp/D(r*)]Ar.
W then can rewite Equation 2-15 as:
(2-18) 85 ug = €, [ar¥12/12D(c™)].

The left-hand side of Equation 2-18 is the potential welfare gain per
unit of waste generated under the standard. This potential welfare gain
is proportional to the elasticity of waste generation with respect to
the firms cost of disposal (eg); proportional to the square of residua
damages (Ar*); and inversely proportional to disposal costs [D(r*)].

[f we define § = Ar*/D(r*) as the residual damage per unit of waste
as a fraction of disposal costs, the welfare change may be witten on a

proportional basis as:
(2-19)  AS/wg = €,62D(x¥)/2.

The left-hand side is the welfare change per unit of waste generated un-
der the standard. The right-hand side tells us that this change is pro-
portional to the elasticity of demand for waste generation (eg); to the
square of residual damage as a fraction of disposal cost (§); and to the
cost of disposal [D(r*)]. Not surprisingly, the greater the ease with
which firns can reduce wastes and the greater are the residual externa
risks, the larger is the potential efficiency gain from supplenmenting a
di sposal standard with instruments designed to encourage additiona

waste mnimzation
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Figure 2-4 plots this neasure of the potential welfare gain as a
function of &§ for several different values of eg,, where the vertical
axi s neasures the potential gain as a fraction of disposal cost. Be-
cause the gain is proportional to the square of residual damage, it is
particularly sensitive to that paraneter; cutting residual danmge in
hal f reduces the potential gain by a factor of four. As noted before,
the potential gain is directly proportional to e, which neasures the
sensitivity of waste generation to the firms cost of disposal. Thus,

for exanple, for any given value of §, the potential welfare gain for a

firmwith e, =1 wll be twice as large as for a firmwith e , = 0.5
- 1.0
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Residual Risk as Fraction of Disposal Cost (§)
Figure 2-4. Potential Welfare Gain from Optimal Waste M ninmization

Figure 2-4 indicates that for the potential welfare gain from addi-
tional waste mnimzation to be large relative to disposal costs, the

danmages caused by residual risk nust be relatively large and waste gen-
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eration nmust be quite sensitive to disposal costs. For exanple, even if
the residual damage is as large as the disposal cost (i.e., § = 1) and a
1 percent increase in disposal costs causes a 2 percent reduction in

wastes (i.e., e, = 2), the potential welfare gain is still no |arger

w
than the cost of disposal

In the absence of disposal regulations, the gains from causing
damages to be reflected in waste nminimzation decisions may be substan-
tial. Wth relatively |ow disposal costs and high risks, values of §
far in excess of unity are likely to occur. |If stringent disposal stan-
dards are inplenented, however, the potential gains from additiona
regul ation of waste minimzation are likely to be quite nodest, because
such standards will drive down risk and drive up disposal costs, both of
whi ch shrink the gap between the private and social costs of disposal
In general, this neans that the benefits fromadditional waste m nim za-
tion are likely to be snall for wastes currently disposed in conpliance
with RCRA rules. However, the gains may be substantial if wastes are

di sposed outside the regulated systemin ways that are inexpensive and

risky.

Enpirical i B n the Firmlevel

Empirical estinmates of the potential efficiency gain from addi-
tional waste minimzation require estimtes of disposal costs, residua
risks, and the sensitivity of waste generation to disposal costs. In
this section, we develop crude estimates of these parameters and apply

them to the nodel
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Di sposal costs. The cost of hazardous waste disposal has risen

dramatically in recent years. The California Department of Health Ser-
vices, for exanple, estimated that the typical cost of land disposal in
that state rose from $41 per ton in 1983 to $185 per ton in 1986 (Cali -
fornia Task Force 1986b: 28), an increase of nore than 350 percent in
only three years. Even if we adjust for general inflation (using the
GNP deflator for general business), the increase still amunted to 311
percent, or a conpounded real annual rate of nore than 60 percent.

Sharp increases in the price of disposal have not been restricted
to California. Mnsanto, a very large waste generator, reports that
during the decade ending 1986, its cost per ton of disposing of non-
hal ogenat ed sol vents increased nore than an order of magnitude, to
$1, 280 (Massachusetts Departnent of Environnental Management 1987); even
in real terns, the conmpound average annual rate of increase was nore
than 20 percent. Figure 2-5 presents prices charged by O ean Harbors, a
Massachusetts treatment and disposal firmlacking its own di sposa
facilities; the first bar in each pair shows the 1978 price (converted
to 1987 dollars using the G\P Price Deflator for Domestic Business),
whil e the second shows the price per ton disposed in 1987; the real-
price increases ranged from 75 percent (6.4 percent per year) for
hal ogenat ed solvents to over 1000 percent (31.0 percent per year) for
waste oil. These cost increases reflect higher prices for particular
di sposal nethods (e.g., landfill or incineration); changes in the allow
abl e methods of disposal for some wastes (e.g., some wastes that pre-

viously were disposed in landfills now nust be directed to nore costly
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met hods of treatment or disposal): and heightened concerns about

liability.

1978 Price (1987 daliars)
1987 Price '

Hatlogenated Solvents

Corrosives jumses

PCBs §

P
Inorganic Sludges punms

Waste Oil &

I
Non—Halogenated Soivents h
— ! N ! Il H ]

0.0 05 1.0 15 20 25 30

Cost Per Ton Disposed
($ Thousands)

Figure 2-5. Conparison of Real Disposal Costs for Cean Harbors, 1978
and 1987 (1987 dollars)

Regul ations pronul gated to inplement RCRA probably account for nost
of the increased cost of disposal nationally. Under RCRA, treatnent,
storage, and disposal facilities (TSDFs) nmust conply with conpl ex and
expensive new rules for facility design, managenent, and financial re-
sponsibility, all of which drive up costs. These costs are particularly
great for facilities that nmust neet corrective action requirenments for
their existing disposal cells before they can obtain a Part B pernit to
accept additional wastes.

The initial inpact of the RCRA rules was blunted by the routine
granting of interim status to existing facilities. Inpatient with the
EPA's slow progress in inplenenting the full requirements, however, Con-
gress elimnated interim status as of Novenmber 1985. After that date

TSDFs were not supposed to renmin open unless they net certain condi-
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tions. In particular, they had to have applied for Part B permts, and
they had to denpbnstrate that they met requirements for financial respon-
sibility and groundwater nonitoring.

These changes had a severe inpact on the nunber of legally avail-
able facilities, despite efforts by the EPAto interpret the require-
ment s erxiny.15 Tabl e 2-1 conpares the nunbers of facilities avail-
able prior to Novenber 1985 to the nunmbers available as of April 1987.
In less than two years, the nunber of storage/treatment facilities fel
by a factor of three, and the nunber of |and disposal facilities dropped
even nmore sharply, by a factor of four. The supply is substantially
tighter for firns that nust rely on comercially available facilities.
As of January 1987, there were a total of only 164 comercially avail -
able facilities nationwi de, 22 states had no commercially available
facilities, and 35 states had no RCRA-pernitted, comercially available
landfills (New York State Legislative Conm ssion 1987: Table 7). Al-

t hough the decline in the availability of facilities is not necessarily
undesirable (one of Congress's nmmjor goals was to force the closure of

i nadequate facilities), clearly it has reduced disposal capacity and
thus contributed to price increases.

The 1984 RCRA Amendnents (HSWA) have driven up prices through
changes in demand as well as supply. For exanple, the HSWA elimnated

the small quantity generator (SQG exenption. Although this change

15:epa recogni zed early in 1985 that nmany TSDFs woul d be unable to
neet the financial responsibility requirenents because of the collapse
of the liability insurance market. Thus, the Agency issued enforcenent
gui dance on April 12, 1985 that applicants able to denpnstrate a "good
faith" effort to obtain insurance would be allowed to remain open. Sub-
sequently, EPA pronmulgated an interimfinal rule that allowed the use of
a corporate guarantee of a parent firmin lieu of insurance (51_ER
25351, July 11, 1986). See Tenusak and Bailey (1987: 16).
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Table 2-1. Changes in Nunmber of Regulated Disposal Facilities, 1985-87

RCRA St at us St or age/ I nci nerators Land
Tr eat ment Di sposal

Prior to Novenber 1985
Total Regul ated Facilities® 3,978 287 1, 487

April 1987

| ssued Permit 427 42 39
Applied for permt 913 181 333
Tot al 1,340 223 372

Percentage change,
1985- 87 -66. 3 -22.3 -75.0

Not e: @ |Includes interimstatus facilities closed as of Novenber 8,
1985.

Source: "RCRA Permtting Status Update," Hazardous Waste Consultant (Lakewood Colo.: MCoy & Associ-
ates), July/August 1987, pp. 2-27.

sharply increased the nunmber of generators subject to RCRA requirenents,
it probably will not have nuch inpact on the amount of waste processed
by RCRA-covered facilities, because SQGs appear to account for only
about 1 percent of the waste generated (Abt Associ ates 1985).

HSWA al so broadened.the range of wastes considered hazardous under
RCRA. The statute directed the EPA to (1) list certain additional waste
streans as hazardous; (2) tighten its extraction procedure as a predic-
tor of l|eaching potential (the "EP Test");16 (3) identify additiona

characteristics of hazardous waste, including toxicity;, and (4) to list,

16gpA has proposed to nmodify the EP test to increase the nunber of
toxi cants considered in defining a waste stream as hazardous, and adopt
the nore sensitive Toxicity Characteristic Leaching Procedure (TCLP)
See 51 FR 21648 (June 13, 1986). Both of these changes would result in
broader definitions of hazardous wastes.
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in cooperation with the Agency for Toxic Substances and Disease Registry
and the National Toxicology Program wastes as hazardous sol ely because
of the presence of carcinogenic, nutagenic, or teratogenic constituents
at "levels in excess of levels which endanger health" [RCRA Section
3001(b)(1)]. These changes increase demand for RCRA-approved disposal
The HSWA al so increased the effective costs of disposal by estab-
l'ishing deadlines for the banning of |and disposal for various waste
streans, forcing the generators of such streans to find alternative (and
more expensive) disposal methods or to reduce the anounts of waste gen-
erated. 1/ The Iand di sposal bans are likely to drive up the cost of
these alternative disposal methods because of increased demand and
limted capacity.l8 These inpacts will grow over time, as additiona
waste streans are banned according to the schedul es set out in the

statute.

Residual risks. The cost of legally disposing of hazardous waste
has risen sharply and is likely to continue to increase for the in-
definite future. Thus it is clear that the incentives for waste mini-
mzation are substantial and that the gap between social and private
di sposal costs has narrowed sharply over the past decade because of in-

creases in disposal costs. The gap also appears to have narrowed be-

17gcRa sec. 3014(d) gives EPA a sharply constrained ability to ex-
enmpt a waste streamfroma ban. EPA nust essentially guarantee zero
release fromthe site for as long as the waste remains hazardous. Bans
on land disposal began prior to HSWA. California, for exanple, began
banni ng wastes containing specific concentrations of toxic netals and
PCBs in June 1983 (ICF 1985: I1-6).

18These bans Iimit | egal demand for |and disposal, and thus may

moderate price increases for that method of disposal. For nost waste
streams, however, the net effect is likely to be a price increase
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cause of reductions in risk and because firms now nust internalize nore
of whatever risks remain.

It is inpossible to estimate with any confidence the risks posed by
the disposal of wastes in RCRA-approved facilities. As with any effort
to quantify toxic risks, there are huge uncertainties in estimting
dose-response functions based on linmited animal and epidem ol ogi ca
data. Conpared to many sources of air or water pollution, risk assess-
ments for hazardous wastes are further handi capped by particular dif-
ficulties in predicting exposure and by the fact that npst waste streans
are conpl ex mixtures of substances in varying proportions.

In addition to these inherent problens, our ability to estinate the
ri sks from RCRA-approved facilities is further hampered by the fact that
the EPA has not devoted nuch effort to careful risk assessment in con-
nection with the RCRA or CERCLA programs, focusing instead on
t echnol ogy-based standards. The linited evidence avail able, however,
suggests that the risks fromwastes treated or disposed in conformance
with RCRA rules are likely to be fairly small.

Recently, the EPA conpleted an agency-wi de study to assess the com
parative risks of the various environnental hazards that it regulates
(EPA 1987). The effort relied on a combination of quantitative
estimates and the judgnents of senior Agency officials. The end result
was a ranking of program areas along several dinmensions of risk (human
heal th, ecol ogical effects, and welfare), assumng the inplenmentation
and enforcement of existing regulations. The RCRA program did not rank

hi gh on any of these dimensions.19 The group's upper-bound estinmate for

191t ranked 13 of 29 on cancer risks, 11 of 23 on welfare effects,
6 of 6 on ecological inpacts, and 16 of 29 on non-cancer health risks.
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cancer risks from RCRA-type wastes was 100 cases per year. [f we apply
that estimate to a base of 250 million tons of waste disposed per year
it translates to only 4 x 10~/ cancer cases per ton disposed.20

The risk estinmates cited above are inconplete and highly uncertain.
W believe, however, that they are far nore likely to over- rather than
underestinmate actual risks. Because the exposure levels in virtually
all cases are low, the relevant prinmary health risk is cancer. The EPA
acknow edges that its procedures for estimating dose-response functions
for carcinogens generate "plausible upper bounds" rather than realistic
estimates of risk, and many observers argue that they are biased upwards
by a substantial amunt, possibly by several orders of nagnitude,
(Nichols and Zeckhauser 1986). As a result, it seenms likely that the

actual residual risks are even |ower than the nominal target |evels set

by the EPA

Rough estimates of potential gains from waste minimzation. The
data available allow us to make sone crude upper-bound estimtes of the

potential welfare gains using Equation 2-19. Suppose that we take $200

as the private cost of disposing of a ton of waste, based on the Cali-

onhe risk estimate reflects the stock of wastes, while the 250
mllion tons per year is a flow If, however, the risk estimte of 100
cases per year reflects the steady-state stock of waste resulting froma
constant annual flow, then it is appropriate to take the ratio of the
two nunbers to get an estimate of the average risk posed by a ton over
the indefinite future. Note, however, that nmuch of the risk associated

with disposing of a ton of waste will occur well into the future, and
that this nmethod ignores that fact; i.e., it does not discount future
risks. In addition, the estimate assumed that in the absence of RCRA

regul ations, contanination would not be discovered and that people would
continue to drink contam nated water, which seens highly unlikely in
light of the public pressure to test water and to find alternative
sources if even minute concentrations of carcinogens are found
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fornia figure cited earlier for land disposal. For residual risk, let
us use the figure of 4 x 10-7 cancer cases per ton, derived above from
the EPA's conparative risk study. |f we value each cancer case at $1
mllion, then residual damages are (4 x 10‘7)($l X 106) = $0.40 per ton
and § = $0.40/%$200 = 0.002, or 0.2 percent. Using Equation 2-18, the
potential gain is then ew(0.002)2(200)/2 = $0.0004¢,, or |less than one-
tenth of a cent per ton of waste, even if e, = 2.

If we value each cancer case at $10 nmillion (or inflate the risk
per ton by a factor of 10 to account for non-cancer risks), the residua
damage is still only $4 per ton and § = $4/$200 - 0.02, or 2 percent.
In that case, the potential welfare gainis ew(0.02)2(200)/2 = $O.Ol+ew
per ton, which still is less than a dinme per ton if e, =2

These estinates suggest that the potential welfare gains from addi-
tional waste mnimzation, beyond that which firms will find econonica
under current disposal prices, are likely to be mininmal, at |east for
wast es posing average risks. For wastes posing nmuch higher risks, the
gains might be substantially larger, although disposal costs under RCRA
also are likely to be higher than average.

To place sonme rough upper bounds on these potential gains wth
high-risk wastes, consider an extreme case. Benzene is a wdely used
i ndustrial chemical and a major ingredient in sone solvents. It also is
a human carcinogen, having been found to cause |eukenm a anong workers
exposed to it. W do not have data on the risks posed by benzene when
it is disposed in various ways. W do, however, have the EPA's
estimates of the risks posed by benzene enitted from nal ei c anhydride

plants, which work out to less than 8 x 10°> cases of cancer per ton of
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benzene emitted.2l Presumabl y RCRA- approved disposal mnethods for wastes
contai ni ng benzene pose far |ower risks, because wastes are unlikely to
be pure benzene and, nore inportant, it is hard to imagine an approved
di sposal method as risky as evaporating the waste into the anbient air
Thus, we suspect this risk factor is orders of magnitude too high. If,
as a rough cut, we again use a value of $1 nillion per case of cancer
avoi ded, then the damage per ton of benzene would be (8 x 10'5)(1 X 106)
= $80/MI. From Figure 2-5, the cost of disposing of non-hal ogenated
solvents was $1280 per ton in 1986. Taking the ratio of those two num
bers gives us a value for & = 80/1280 - 0.0625. The potential welfare
gain is then ew(0.0625)2(1280)/2 = $2.50¢,, or $2.50 per ton for €, = 1

and only $5 per ton for €, - 2.

Extending the Mdel to the Market Leve

Qur basic nodel focuses on decisions by individual generators oper-
ating in a conpetitive market. |If the market for disposal is perfectly
conpetitive and the supply of disposal services is perfectly elastic,
all of the results derived for individual firnms scale up to the market
as a whole; the welfare neasures per unit of output are sinply multi-

plied by the nunber of units produced. Many disposal markets, however,

2lpased on various EPA documents, Nichols (1984: ch. 9) estinates
that the rule proposed in 1980 for nuleic anhydride plants woul d have
reduced benzene emissions by 5,059 MI and exposure by 1.1 million parts
per billion per per§on per year (ppb-person-years). Using EPA's risk
factor of 3.4 x 10~/ cases per ppb-person-years, that would inply an
average risk per netric ton of:

(3.4 x 10'75cases/ppb-person-years)(l.1 x 108 ppb- person-years)/ 5,059 Mr
= 7.4 x 107~ cases/Mr
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may not fit these conditions, particularly in the short run. Al though
there do not appear to be any inherent technol ogical reasons why dis-
posal should not be conpetitive (with close-to-constant costs),

regul atory hurdles and extraordinary siting difficulties make the supply
of disposal less than perfectly elastic and also may contribute to the
wi el ding of market power by suppliers of disposal services. Relative to
a perfectly conpetitive disposal market with constant costs, either con-
dition reduces the inefficiency caused by a failure of disposal regula-

tions to inpose the full social cost of disposal on generators.

The Inpact of a Rising Market Supply Curve for Disposal Services

Qur expressions for the potential welfare gains from additiona
waste mninmzation have assunmed that the narginal cost of disposing of a
unit of waste depends only on the risk level -- e.g., on the level of
treatment and on the precautions taken to reduce |eaks from di sposal --
and not on the total ambunt of waste to be disposed. For the individual
generator that is small relative to the market, this assunption seens
perfectly reasonable; it is a price taker, so that variations in the
guantity that it generates have no inpact on its disposal costs. Once
we scale up to the nmarket as a whole, however, the assunption becones
| ess reasonable, particularly in the short run. The key reason to ex-
pect the supply of disposal services to be less than perfectly elastic

is that the supply of disposal sites is limted.
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MSC of Disposal ,*
(r=r*)

Market Supply
of Disposal

Price
o

Demand for
Disposal

Qw= (]WR
Total Waste Disposed

Figure 2-6. Waste Mninization with a Rising Supply Curve for Disposa
Services

If the supply of disposal services is |less than perfectly elastic,
then the price of disposal will be a function not only of the risk
level, but also of the total quantity disposed. Figure 2-6 illustrates
the situation; it is simlar to Figure 2-3, but the horizontal axis
represents total waste, Qv where Qis the quantity of output, rather
than waste per unit of output. The market supply curve of disposal ser-
vices reflects the stringency of disposal regulations. Unlike the supp-
Iy curve facing an individual firm however, it is likely to be upward
sloping; at any given disposal-risk level, the price of disposal nust
rise to elicit additional supply. Wth a disposal standard that sets r
=r* but does not internalize the external damages, the equilibrium oc-

curs at a disposal price of Pg, and the total quantity of waste is Qwp.
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The true social cost of waste, however, is higher than price along
the market supply curve, again because of residual damages; the margina
social cost is sinmply the market supply curve shifted up by ar®. o f
suppliers (or demanders) of disposal services internalized those
residual damages, perhaps through a tax or tort liability, the quantity
di sposed would fall to CMf; i.e., generators would engage in additiona
waste mninmzation. The failure to achieve this optimal level of waste
m nimzation causes an efficiency loss equal to the area of the shaded
triangle. If, as before, we express that loss as a fraction of disposa
costs and use l|inear approxinmations for the supply and demand curves,

the algebraic expression for this efficiency loss is:

2 7w
(2-20) 2S/Qug = (82/2){—— IRy,
ew

n +

where n is the elasticity of supply, Qis the level of output, Pg is the
mar ket price for disposal, and the other variables are as defined ear-
lier in connection with Equation 2-19. Conpared to the individual-firm
case, the welfare loss is nmultiplied by the factor n/(n + ew); e.g., if
the supply and demand el asticities are equal, the welfare loss is half
as great as before. If supply is inelastic, the welfare loss is smaller
yet; inthe limt, if the supply of disposal is perfectly inelastic
there is no welfare loss at all.

In those cases in which the supply of disposal services is in-
el astic, supplenenting disposal standards with taxes or tort liability

to internalize residual danages will have little inpact on allocative
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ef ficiency. If the demand for disposal is relatively elastic, such
taxes will not increase the price paid by generators very nmuch, so they
will have little additional incentive to mnimze wastes. The primary
inpact will be to lower the net price received by disposal facilities
and to transfer rents fromtheir owners to the government (in the case
of taxes) or lawyers and the victinms of the damages (in the case of tort
liability). If demand is inelastic, the price of disposal wll rise
nore, but the higher price will have little effect on waste nininiza-
tion, a low elasticity of demand for disposal services reflects a

limted ability of generators to reduce wastes.

| nperfect Conpetition

In many parts of the country, the difficulty of siting new disposa
capacity is likely to confer substantial narket power on firms with ex-
isting facilities. In sone cases, such firms may have an effective
monopoly on |legal disposal. To the extent that disposal firns do wield
mar ket power, they will charge a price in excess of their own private
margi nal costs, and the price charged for disposal already may be in ex-
cess of the socially efficient level; inperfect conpetition in the supp-
Iy of disposal services thus can lead to too much waste nininization
rather than too little

Figure 2-7 illustrates this situation for a nonopolist. A nonopo-
list sets the quantity such that marginal revenue is equal to margina
cost. In Figure 2-7, demand is sufficiently inelastic that the nmonopo-

list's price is higher than the optimal price, including externa

damages. In such cases, inposing a tax on waste disposal would reduce
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net benefits by reinforcing already excessive incentives for waste mni-
mzation and driving the quantity of waste even further belowits effi-

cient |evel.

MSC of Disposat .~
(=)
/

P

p* c titive S !
) ompeti upply
R \ % of Disposal '
OL- PR \\ "’

Demand for
Disposal

Qwe Qw* Qws
Total Waste Disposed

Figure 2-7. The Inmpact of a Mpnopoly in Disposal Services

In some instances, of course, the nonopoly price nmay be bel ow the
true social cost; in such instances, a waste tax or liability can im
prove efficiency, though less so than in a conpetitive market. In those
cases in which the industry marginal -cost curve is perfectly inelastic
over the relevant range, the presence or absence of nonopoly will be ir-
relevant; the quantity of wastes disposed will be invariant regardless

of market structure and regardless of any taxes or liabilities inposed.

Exi sting Mechanisns for Internalizing Damages

Qur calcul ations of potential gains from additional waste mniniza-

tion have assumed that residual damages are not reflected in disposa
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prices and that firms do not bear any of those damages. In practice,
however, several mechanisns act to cause generators to internalize at
| east a portion of residual damages. Taxes levied on disposal provide
sone internalization on an ex ante basis. Liability for cleanup and
sone tines of danmages should wastes pose a risk in the future provides

an ex post formof internalization.

Taxes and Fees on Disposa

The EPA recently reported that 30 states inpose taxes or fees on
the disposal of hazardous wastes (Versar 1986a: Table 7-2). Although
the motivation for these waste-end taxes and fees is to raise revenues
to fund state hazardous waste prograns, they do have the effect of in-
ternalizing at |least some of the residual risk. California, for exam
pl e, i nposes fees that vary with waste characteristics. In 1984, they
ranged from $2.68 per ton for mining waste to $59.40 for the nost haz-
ardous category; as percentages of commercial disposal prices, the fees
varied from8 to 20 percent (ICF 1985: Sec. 2.2.3). Qur earlier cal-
cul ations suggest that such rates are likely to be sufficient to fully
internalize residual damages, at |east as measured by likely health

risks, for RCRA-approved disposal methods . 22

22cq41ifornia’s fee structure is based on relative pre-di sposa
ri sks, not the relative residual external danage subsequent to approved
disposal. For the highest of these fees to be equivalent to an optim
tax, the residual external damage posed by approved disposal would have
to be about 100 times greater than the EPA s upper-bound estimte of
RCRA di sposal risks, or cancer prevention would have to be val ued at
$100 million per case. W suspect that tax rates of this magnitude ful-
ly internalize residual danmages, and then sone.
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Liability

The incentive effects of liability are nore difficult to quantify,
but probably are substantially nmore significant than those of existing
wast e-end taxes. Under CERCLA, virtually every person and entity
engaged in the generation, transportation, treatnent, disposal, or other
handl i ng of hazardous waste bears strict, joint, and several liability
for the cost of cleaning up hazardous waste sites that pose risks. For
sone sites, these clean up costs have run to the tens of millions of
dollars. Although the focus of CERCLA has been on correcting the
results of msmanagenent prior to RCRA, CERCLA liability nonethel ess ap-
plies to RCRA sites, and thus serves as a nechanismfor internalizing
residual damages. Mreover, RCRA rules governing the detection and
renedi ation of leaks (including nonitoring after a site has closed) in-
crease the probability that any future problenms will result in liability
for the firms involved.

In addition to cleanup costs, CERCLA also makes firns liable for
damages to natural resources, such as the closing a fishery or a swim
mng area. Firnms are not |iable under CERCLA for damages to human
heal th, although injured individuals may sue successfully in sone cases
under state statutes or conmon |aw. 23
To the extent that TSDFs bear the expected cost of this liability,

it is reflected in disposal costs; i.e., the price of disposal already

23Gommon | aw rul es may allow suits for increased risk and fear of
cancer, even in cases in which no physical damage can be docunented.
See, e.g., Sterling v, Velsicol, (WD. Tenn. 1986), 647_F. Supp. 303, 17
Environnental Law Reporter 20081; and Siegel and Sal vesen (1987) (argu-
ing in favor of a rule that would allow such suits if one's probability
of contracting cancer is increased by at |east 10 percent).
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incorporates at |east some residual damages. Generator liability does
not show up in the price of disposal, but does increase its effective
cost. Al though current disposal practices presumably are far safer and
less likely to result in cleanup actions than the past behavi or
responsible for today's litigation, it is clear that liability is a
maj or concern in the decisions that firms make regarding di sposal and
waste mnimzation. The seriousness with which market participants take
this liability threat is indicated by the high demand for insurance,
whi ch unfortunately is generally not commercially available (Connolly
1987).

At |east some generators inpose internal fees on their operating
units to account for potential liability. As of 1986, for exanple
Davi dson Rubber, a manufacturer of plastic and urethane nol dings for
aut omobi | es, assessed production departments $188 per drum (or over $800
per ton) of hazardous waste generated, apparently based on costs borne
by the firmin cleaning up a CERCLA site.2% More recently, Digita
Equi prent Corporation has estimated that, because of potentia
liability, the full cost of hazardous waste generation is about twice as
high as the cash cost of RCRA disposal. Efforts are underway to nake
production departments internalize these costs, rather than carrying

themin overhead.2% Vaste nininization is a particularly attractive

240ral remarks by Robin Frank, Davidson Rubber, at "Hazardous Waste
Di sposal Managenent Conference" (Executive Enterprises), Washington D.C.
(June 17, 1986).

230ral remarks of Janes K. Rogers, Manager of Corporate Energy and
Environnental Systens, Digital Equi pment Corporation, at "Regional En-
vironnental Regul ation Conference" (Executive Enterprises), Boston Mass-
achusetts (May 23, 1988).
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met hod of reducing potential liability, because not generating waste in
the first place is the only sure way to avoid future liability for
cl eanup costs.

Liability is likely to be of greatest concern to |arger conpanies
for two reasons. First, the possibility of bankruptcy is less effective
in placing a ceiling on potential |osses for large firms than for snal
ones. Second, under joint and several liability, a generator can end up
paying for the entire cleanup of a site, even if it contributed only a
smal | fraction of the waste, if the TSDF and other generators are
j udgment - proof because they have gone out of business or have insuffi-
cient assets; larger generators are nore likely to renmain in business
and to have the "deep pockets" necessary to pay cleanup costs. As a
result, for at least sone firms, the expected liability cost of disposa
may be well above the expected damages that its wastes inpose. In such

cases, the firmw |l have an excessive incentive to mnimze wastes.

Concl usjon

In the absence of government regulation or liability for disposa
risks, not only is disposal excessively risky, but firm also have
seriously deficient incentives to reduce the generation hazardous wastes
because the private cost of disposal will fall far short of its socia
cost. Over the past decade, however, the disposal of hazardous waste
has become much nore stringently regulated. Standards regulating dis-
posal substantially narrow the gap between private and social costs of
waste generation by driving up private costs and by reducing externa

costs (by reducing risk).
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At the same tine, CERCLA, and other changes in liability rules have
forced generators to internalize a nuch greater fraction of the risks
their wastes inmpose. As a result, we find it hard to argue that genera-
tors face incentives for waste mnimzation that are significantly bel ow
their optimal |evels, and that waste mnimzation requires special in-
centives or regul ations.

If we think of waste minimzation as part of a larger class of ap-
proaches to environnental problens based on "prevention" rather than
end-of - pi pe treatnent, substantially stronger incentives appear to exi st
for hazardous wastes than for other types of environmental problens,
such as air and water pollution. The typical air or water pollution
standard provides little or no incentive to do better than the standard
requires; there is no financial reward, for exanple, for the utility
that nodifies its boilers to produce |less sulfur than permtted under
the Clean Air Act. In contrast, because a generator nust pay to dispose
of each unit of hazardous waste, it faces strong, continuing incentives
to nmininze these wastes, incentives that persist right down to the
poi nt at which the firmgenerates no waste at all

The incentives for waste mnimzation also are stronger than
prevention-based approaches in other areas because the liability system
plays so much larger a role in hazardous waste than with other environ-
mental problens. The chemi cal conpany whose wastes |ater require
cl eanup, despite full conpliance with disposal regulations, is very
likely to bear the cost. In contrast, if that same conpany emts the
sane substances into the air in conpliance with air-pollution regula-

tions and those em ssions cause adverse health effects, the probability
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of a successful suit against the conpany is practically nil because of
the tremendous difficulty in proving causation.

W suspect that the reaction of many readers to this line of argu-
ment will be, "If the incentives are so strong, why do firns continue to
generate such large quantities of waste?' W have several responses.
First, it appears that firms are engaging in far nore waste minimzation
than in the past; although reliable data do not exist to allow one to
track aggregate anounts of waste with any confidence, there is consider-
abl e anecdotal evidence that many firns are devoting a great deal of at-
tention to waste ninimization, 26

Second, in evaluating the effect of today's incentives, it is es-
sential to recognize that firms cannot change their behavior in-
stantaneously in response to price changes Wen prices change radi-
cally, it takes time for new technol ogies to evolve and for firms to
learn of their availability. Government may be able to speed up these
processes by supporting research and by hel ping to dissemnate infornma-
tion. The eval uation of such strategies, however, is beyond the scope
of this study.

Third, if new, |ower-waste technol ogies are enbodied in long-1ived
capital equipnent, we would expect nmany firms to find it nost cost-
effective to delay switching to the new technology until their existing
capital had reached the end of its useful econonmic life (which will, of
course, cone sooner with changes in relative prices). The sharp rise in
energy prices in the 1970s provides an instructive analogy; early

estimates of the price elasticities of demand for energy tended to be

265ee, o.g., CEM (1985); CEM (1986); CEM (1987).
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fairly low, and many observers benpaned the inability or unwllingness
of firms (and individuals) to reduce their energy consunption solely in
response to higher prices. COver tine, however, energy demand responded
much nmore to higher prices, indicating that long-run elasticities were
much higher than those in the short-run. 27 Simlarly, we feel confident
that even if disposal prices stopped rising, a great deal of additiona
waste mnimzation would occur in future years as a result of previous
price increases.

Finally, we think it that it is inpossible to say how nuch waste
mnimzation is optinmal in the abstract, wthout reference to the costs
and risks of alternative approaches. |f |ess waste mnimzation seens
to be occurring than some observers think is appropriate, it may be a
signal that waste minimzation is nore expensive than expected, rather
than proof that incentives are incorrect or that firnms are incapable of
i dentifying and adopting cost-saving innovations.

Qur skepticism about the need for regulatory progranms targeted
directly at waste minimzation should not be misinterpreted as saying
that waste minimzation does not have an inportant role to play in
reducing the risks posed by hazardous wastes. Rather, it says that
firnms already may have sufficient incentives to mnimze wastes, at
least to the extent that they comply with existing |legal requirenents.

This last qualification is an inportant one, one that we explore at

27The results of several studies are summarized in Fisher (1981
117-118). A sanpling of these figures reveals the point asserted in the
text. Paired estimates of short- and long-run electricity-demnd
elasticities for U S. industry include (-0.14; -1.20) and (-0.06,

-0.52). Estimated residential energy-demand elasticities display much
greater differences. Estimates range from-0.12 to -0.63 for the short-
run; -0.42 to -1.70 for the long-run
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length in subsequent chapters, for if firns do not conply wth disposal
regul ations, there may be a strong rationale for greater efforts
directed at waste minimization or for trying to devel op ways of inprov-

i ng conpliance.
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Chapter 3:

“WASTE M NI M ZATI ON'  THROUGH NONCOWVPLI ANCE

Di sposal of wastes in conformance with RCRA rules has grown in-
creasingly expensive. These rules, in concert with potential CERCLA
liability, provide powerful indirect incentives for hazardous waste mn-
imzation. Conpliance with RCRA rules also appears to reduce risks to
low levels. As a result, the potential gains from additional waste nin-
i zation would appear to be mninal.

Qur results in Chapter 2 were r-oust with respect to several inpor-
tant parameters, such as the unit cost of disposal, the level of
residual risk, and the inplicit value of life-saving. However, the
analysis rested upon a critical assunption -- that firns actually conply

with the rules.

Overview of Nonconpliance

In this chapter we suggest that choosing not to conply offers an
effective (albeit clandestine) way to minimze the anount and cost of
RCRA- approved waste disposal. This characterization of nonconpliance as
an alternative formof "waste mnimzation" is not flippant; it sinmply
recogni zes that unless regulatory coverage is sufficiently inclusive and
extraordinarily well-policed, evasion and nonconpliance becorme finan-
cially attractive methods of appearing to achieve the letter (but
certainly not the spirit) of public policy objectives. The paraneter
that regulators nust | ook toward for evidence of waste minimzation is a

reduction in the amount and degree of hazard of manifested wastes. Un-

3-1



Chapter 3

fortunately, declines in this statistic may instead denpnstrate

regul atory evasion and nonconpliance, and it is quite difficult to dis-

cern which activity is actually taking place.

Motives for Nonconpliance

Firns choose whether or not to conply with governnental dictates
for many reasons. Conpliance may result sinply fromtallying up private
benefits and costs. For sone enterprises, nonconpliance may be easy to
detect or penalties so substantial that it is unquestionably an inferior
financial choice. Sanctions can be quite tangible, such as fines or
potential CERCLA liabilities, or intangible, such as the risk of danmag-
ing one's personal or corporate reputation. For large firms wth sub-
stantial capital, the prospect of unlikely but enornously expensive CER-
CLA cleanups may notivate both a high degree of voluntary conpliance and
extensive efforts to mininmize future hazardous waste generation

For other firms, however, it may be cheaper not to conply no natter
what intangible costs are involved or how carefully they are wei ghed
against benefits. The savings fromregul atory evasion constitute their
own reward: nonconpliance reduces costs, thereby inparting an advantage
over honest conpetitors and putting increased pressure on the latter to
cheat as well. For industries in which nonconpliance is the norm rather
than the exception, ethical firns will be driven out of business or un-,

able to enter because of their inability to corrpete.1

1Attenpting to enter based on | ower costs obtained from some other
source besides nonconpliance may be hazardous as well. For a riveting
story of corruption and the establishnent of nonecononmic barriers to
entry in the New Jersey waste carting business, see Block and Scarpitt
(1985).
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Small quantity generators (SQG) may be especially inclined not to
conply because they face both unusually high conpliance costs and sys-
tematically smaller expected penalties for nonconpliance.2 The margina
cost of RCRA disposal declines sharply over a w de range of waste gener-
ation |levels because there are substantial economes of scale in trans-
port, chemcal analysis, record keeping, as well as many of the approved
di sposal technologies.3 Expected CERCLA liabilities may al so be corre-
lated with a firnis reachabl e assets, because regul atory enforcenent
tends to be directed toward | arge generators where the return to enfor-
cement effort is the highest. Mreover, bankruptcy provides a ceiling
on absolute liability that small firms are nore likely to reach. 4 Each
of these factors clearly weakens SQCs' incentives to conply.

O her identifiable classes of generators also nay be particularly
susceptible to nonconpliance. It may even be the norm for exanple, in
conpetitive industries where proper hazardous waste di sposal would con-
sune a large fraction of earnings and thus force many firms out of busi-

ness.

2In general, SQCs are firns that generate |ess than 1,000 kg of
hazardous waste per calendar nmonth. Firms that produce |ess than 100 kg
are sometimes called very small quantity generators, or VSQCs.

3533, e.g., Schwartz et al. (1985).

4Expected liability also may be systematically higher for firms
that conply. Conpliance does not extinguish liability, and may instead
enhance the government's ability to recover cleanup costs by providing a
paper trail froma problemfacility back to the generator. Not only is
detection nore difficult for wastes disposed of illicitly, but the task
of tracing wastes back to their source can be both costly and prob-
lematic.
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Nonconpl i ance _and the Hazardous Waste Policy Literature

Surprisingly little has been witten about the problem of non-
conpliance in the many reports and anal yses of hazardous waste mnimza-
tion. A few sources offer anecdotal evidence of illegality, but typi-
cally the problemis assuned away. A conmon practice has been to enpha-
size technol ogical factors and cost-effectiveness cal cul ations using
conpliance as the relevant performance baseline.

Ceneral Iy, nonconpliance has been viewed as an enforcement problem
rather than an opportunity for applying economc incentives. According
to the conventional wisdom it is best controlled by commtting nore
resources to enforcement and inposing increasingly severe civil and
crimnal penalties. However, there are no credible estimates in the
literature concerning how much nonconpliance actually occurs or how much
addi ti onal enforcenent woul d be necessary to control it. Typically,
nonconpliance and illicit disposal receive scant attention. A few exam
ples fromthis literature illustrate the point.

Prior to the establishment of its current hazardous waste nininiza-
tion prograns, the California Department of Health Services conmi ssioned
a report to consider whether additional economic incentives were needed
(ICF 1985). In this report, the description of the existing hazardous
waste problemfailed to nention either casual nonconpliance or illegal
dunping (ICF 1985: Sec. 2.1.) Instead, the report enphasized policy
alternatives designed to achieve additional waste minimzation anmong
those generators that already conmply with regulations (ICF 1985: Sec

4.1). But as we indicated in Chapter 2, the potential social gains from
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such efforts seemlikely to be small, even if they are obtained in an

efficient manner.

California Governor Deukrejian subsequently enpanelled a blue rib-
bon task force to devel op a consensus strategy for dealing with problens
posed by hazardous wastes. This task force produced an estimate of the
State's hazardous waste generation that precisely equalled the state's

estimate of the amount of wastes legally disposed, thus inplicitly as-

sum ng away any problem with nonconpliance or illegal disposal.5 Ac-
cording to the task force, illegal disposal was an enforcenent problem
that resulted fromthe shortage of legal landfill capacity rather than

any fundamental pattern of econonic behavior:

The sane factors working for change in current |and di sposa
practices could well pronmpt increases in illegal and unsafe dunp-
ing of hazardous wastes. Possible deterrents to this are
stronger |aw enforcenent and ensuring the availability of ade-
quate opportunities for proper waste disposal. (California Task

Force 1986a: 68.)
According to this view, hazardous waste generators can be divided into
"good guys" and "bad guys." As long as there is adequate |egal disposa
capacity, irrespective of its cost, the "good guys" will refrain from
dunping their wastes illegally (California Task Force 1986b: 30). Deal-
ing with the "bad guys" is an enforcenent matter that calls for better
training of local |aw enforcenent personnel and nore funds to be devoted

to enforcenent (California Task Force 1986b: 160-161).

3The data reproduced in the task force's report is suspect for a
nunber of other reasons, as well. In the report, California' s tota
hazardous waste generation is estimated at 2,067,000 tons for 1984 (Cal-
i fornia Task Force 1986b: 28). Prior analyses placed hazardous waste
generation in California between 15,000,000 (OTA 1983) and 17, 284, 000
metric tons (CBO 1985). The task force made no attenpt to reconcile
these inconsistent figures.
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One particularly popul ar federal analysis of waste mininmization is
the report recently published by the Congressional Ofice of Technol ogy
Assessnent (OTA 1986). Despite passionate concern for the risks posed
by hazardous waste and sensible respect for the difficulties of estab-
lishing a programto regulate waste minimzation directly, the problem
of nonconpliance receives very little attention. |nstead, OTA enpha-
sizes the need to make a transition from regul ated hazardous waste man-
agenent to absolute reductions in both the ambunt and toxicity of wastes
generated. The OTA did not address the question whether nore risk-
reduction benefits could be obtained fromthis effort than from decreas-
ing the proportion of hazardous wastes that are disposed illegally or
i mproperly.

HSWA Section 8002(r) instructed the EPA to report to the Congress
on progress toward waste mnimzation and to identify additional statu-
tory and regulatory initiatives thought necessary or useful in this en-
deavor. In its report, the EPA generally treats nonconpliance as an en-
forcenent issue best conbated through intensified inspection and
moni toring of hazardous waste facilities. Illegal disposal is discussed
only in the context of small quantity generators and firns for which

regul atory conpliance night be prohibitively expensive:

The extent of current illegal disposal activities is a matter of
speculation. . . As the cost of nmanaging their hazardous wastes
i ncreases, many economcally distressed firns may see illegal

di sposal as the only way to continue operating." (EPA 1987: 41).
Casual nonconpliance and illegal dunping are both assuned to be oc-
casional aberrations fromthe regul ated hazardous waste management sys-

tem rather than systematic cost-mnim zing responses.
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Several studies suggest that nonconpliance is nore systematic and
serious than the conventional w sdom would appear to suggest. |n a
study of small quantity generators in California that relied on inter-
views with governnent officials, trade association executives, and waste
treatment, recycling and disposal firm personnel, Schwartz et al. (1987)
concluded that illicit disposal was actually far nore wi despread than
had been acknow edged in the literature. Because illegal operatives
face mniml threats fromenforcement, the report recommends the devel -
opment of low cost alternatives to illegality (Schwartz et al. 1987
20).

More recently, Hammitt and Reuter (1988) have conducted an ex-
ploratory study of illegal disposal per se. The report focuses on firm
and industry characteristics that might be used to better target
regul atory enforcenent resources, recognizing that high conpliance costs
| ead economically-nmotivated actors to at |east consider if not adopt a
range of nonconplying behaviors. Enforcement is conceptualized in the
report as an optimzation problemin which the marginal social benefits
from enforcenent can be equated with the marginal social costs. The au-
thors make no claimthat the current |evel of enforcenment is necessarily
suboptimal, inasnuch as data concerning the efficacy of enforcenent are
unavai l abl e, but instead offer reconmmendations for inproving the alloca-
tion of enforcement resources so as to increase the effectiveness of the
exi sting enforcenment effort.

Both of these reports suggest that the existing regulatory na-
chinery may suffer froma great deal nore nonconpliance than has been

generally admtted. This means that regulatory initiatives prenised
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upon full conpliance may well be ill-advised. In the remainder of this
chapter, we offer a glinpse into some of the nmany ways that waste gener-
ators may legally or illegally circunvent or evade RCRA and thus funda-
mentally alter both the optimal regulatory design and the nature of any

addi ti onal economic incentives that might be warranted.

Firns Legally Qutside the RCRA System

RCRA governs a very broad range of residuals from economic ac-
tivities. I ndeed, nuch of RCRA's conplexity stems fromthis very at-
tenpt at conprehensiveness. Nevertheless, certain types of wastes and
waste generators are exenpted from coverage by statute or admnistrative
rule, or subjected to less than full regulatory control. Mreover,
there is also substantial overlap between RCRA and ot her environment al
statutes, such as the Cean Water Act (CWA), Clean Air Act (CCA), the
Safe Drinking Water Act (SDWA), and the Toxic Substances Control Act
(TSCA) . In this section we discuss just a few of the nmany ways that

firms can legally avoid RCRA's full force.

RCRA does not apply to certain waste streans because they are not
"solid wastes" as defined by statute or regulation, such as domestic
sewage and industrial discharges permtted under the National Poll utant
Di scharge Elimnation System (NPDES). Qther wastes are considered
"solid wastes" but are exenpted from RCRA, including househol d wast es,
irrigation return flows, mning wastes, utility fly ash, and ruds, from

oil and gas drilling. In addition, the EPA has granted exenptions to a
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variety of specialized industrial processes. |n 1980 the EPA adninis-
tratively established an exclusion for wastes generated by SQGs. Thus
fromthe outset the universe of regulated parties has been necessarily

i nconpl et e.

Smal | guantity generators (SQGs). Large quantity generators

(LQGs), firms that generate nore than 1,000 kg of hazardous waste per
cal endar nonth, were required to notify the EPA of that fact during
1980. SQGs were initially exenpted fromthis requirement. As of 1982
the EPA had identified approximtely 14,000 LQGs which were to be sub-
ject to RCRA Subtitle C

Prior to establishing the SQG exenption, the EPA believed that
there were about 695,000 SQGs produci ng about one percent of the tota
waste volume (Abt Associates 1985: 31). Thus, the EPA believed that be-
cause of their numbers, including SQG in the regulatory system would
overwhel m t he Agency's monitoring and enforcement capabilities while
producing but a tiny increase in potential risk reduction.®

These concerns seem wel | -founded. According to the small quantity
generator survey, which was in progress when Congress deliberated on
HSWA, the SQG problemis probably smaller than earlier data had sug-
gested. The survey estimated that only 0.4 percent of the total waste
vol ume was generated by approximately 630,000 SQGs. The remaining 99.6
percent of the waste volune was produced by the 14,000 or so firnms al-

ready subject to full Subtitle C regulation (Abt Associates 1985: 29).

6Some econoni st's argue that such regulatory "tiering" can be
justified on efficiency grounds, even in the absence of nonitoring and
enforcenent costs, by virtue of the high fixed costs of regulatory com
pliance. See, e.g., Brock and Evans (1985a).
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Congressi onal concerns about the environnental significance of SQG
wastes, even when disposed contrary to RCRA rules, have thus not been
substantiated. '

Despite this apparent asymmetry, Congress neverthel ess instructed
the EPA to conmence regul ating SQGs, which the Agency did on July 15,
1985 (50 FR 28743). These regul ations established three classes of
SQGs, with relaxed reporting requirenents relative to the full RCRA sys-
tem but simlar rules concerning the ultinate disposition of hazardous
wastes. Qualification for SQG status occurs monthly, so many firms may
be coming in and out of the systemat irregular intervals. Thus, the
size of the EPA's regulated community is constantly in flux. Self-
certification of SQG status, although ultimtely subject to EPA inspec-
tion and nonitoring, neans that the EPA cannot be sure which firms are
subject to its regulatory requirenments and which are not.

The strength of RCRA as an incentive for waste mininization varies
somewhat depending on whether a firmis potentially eligible for the
rel axed SQG rules. Cearly, SQG status confers cost advantage over
full RCRA coverage, so firms near the threshold will be notivated to
stay below it if at all possible. In the short-run, the SQG threshold
limts these firms' production volune, because marginal cost will rise
dramatically if the threshold is crossed. In the long-run, of course,
firms can nmake source reduction investments that raise the output |evel

corresponding to the SQG threshol d.

7an excel | ent exanpl e of Congressional concern is found in Harris,
Want and Ward (1987: ch. 10). The available data confirmthat illegal
or environmental ly inproper disposal nethods domi nate among SQGs (GAO
| 983a; Abt Associates 1985; Schwartz et al. 1985). However, conpletely
el imnating hazardous wastes generated by SQG woul d reduce the known
guantity of wastes by |less than one percent.
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Because wastes are counted at the plant |evel, another way to ex-

pand production while remaining below the SQG threshold is sinmply to

bui | d anot her plant:.8

If nmultiplant expansion is cheaper than waste
mnimzation, or creates significant additional benefits apart from
reduci ng hazardous waste disposal costs, then the SQG threshold will

reduce the optinal plant size wthout having nmuch affect on the anpunt

of waste generated.9

Overl appi ng coverage with other environmental statutes. Envi ron-

nmental regulation has traditionally enphasized end-of-pipe pollution
control strategies focused on a single nmediumsuch as air or water.
Hazar dous waste regul ation has evolved froma sinmlar root -- statutes

and prograns enphasi zi ng the nmanagenent of solid waste landfills.lo

8a pl ant generating |ess than 1000 kg per cal endar nmonth qualifies
as an SQG even if it is one of many identical plants owned by the sane
firm

There is a continuing debate concerning the effect of environnen-
tal regulations on optimal plant size, and the inplications of such an
effect upon industry and firm structure. E. g., Pashigian (1984) argues
that high conpliance costs have driven small firnms out of business and
increased optinal plant size. In contrast, Evans (1986) disputes
Pashi gj an’ s evi dence as inconclusive, and argues based on other data
that regulatory “tiering” and exenptions -- such as the EPA's origina
SQG exclusion -- have reduced or elininated econonmies of scale in com
pliance with environnmental regul ations.

100 i mportant vestige of this history is that "hazardous wastes"
are defined differently by the RCRA statute and by the EPA s inpl enent -

ing regulations. In general, hazardous wastes appear to be a subset of
“solid wastes," but the definitions are sonmewhat murky. "Solid waste”
i ncl udes materials that are not "solid" at all, but liquid or gaseous

but definitely wastes and unquestionably hazardous. Donestic sewage is
exenpt from RCRA, however, and thus is not a "solid waste" under RCRA
Wastes that are beneficially recycled were exenpt from RCRA under the
EPA's pre-1985 definition, but since that date have becone “solid
wastes”. For an incisive look at this bew ldering situation, see
Garelick (1987).
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However, the problenms addressed by RCRA in its current fornulation re-
quire a nmore conprehensive approach. Hazardous wastes can appear in
many different forms, and focusing entirely on a single environnenta
medi um (e.g., land) could allow risks to be sinply transferred to other
medi a where regulatory controls perhaps are less effective (e.g., air or
wat er) .

Difficulties managing this conplex regulatory program in which
residual s can be transferred across environnental nedia to exploit rela-
tive weaknesses in regulatory control, offer an additional rationale for
encouragi ng waste mnimzation per se. The question, of course, is not
whet her inter-media transfers should be discouraged, but rather what in-

strunments seem nost capabl e of achieving this objective.

Wast es di scharged subject to NPDES permits or sent to POTW. Ac-

cording to the nost recent hazardous waste generation survey performed
for the Chem cal Manufacturers Association (CMA), nmore than 210 nillion
tons of hazardous waste generated by survey respondents in 1985 were
wast ewat ers di scharged subject to a NPDES permit, sent to a publicly-
owned sewage treatment facility (POTW, or disposed by underground in-
jection. This represents nore than 90 percent of the waste generated by

11

these firnms, and about 70 percent of all hazardous waste believed to

11553 CMA (1987: 26). A total of 77 CXA nmember conpanies in SIC
2800 covering 681 plants responded to the survey (CMA 1987: 19). Al-
t hough this includes 36 of the top 50 and 21 of the top 25 chenica
firms (ranked by sales), the 210 million ton figure is necessarily in-
compl ete because it represents the total fromresponding firns rather
than an industry-wide. estimate derived from the survey.
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be generated.12

Despite the relatively large volunmes of waste involved, RCRA s ap-
plication to NPDES and POTW di scharges is at best uncertain because they
are regulated primarily under the C ean Water Act (CWA).13 Thus, RCRA's
effectiveness is to a significant extent controlled by regulators el se-
where in the EPA who are operating subject to different statutory
authorities.

Concerns about the anount of hazardous waste di scharged through the
NPDES and POTW systenms have been raised by various sources. |n 1983,
the General Accounting Ofice reported a high rate of nonconpliance with
exi sting NPDES pernmits, and suggested that the EPA's administration of
the program was ineffective (GAO 1983b). Similar problens have been al -
leged to exist with respect to municipal sewage treatnment (Drayton 1984:
40). In HSWA, Congress ordered the EPA to study the domestic sewage ex-
enption and report back by February 1986, and issue necessary regul a-
tions by Cctober 1987. In its report, the EPA concluded that existing
regul atory prograns were sufficient to control these risks provided that
the rules were enforced, and recommended agai nst rescinding the donestic

sewage exenption (EPA 1986¢).

12ape Associ at es (1985: 29) estimated total hazardous waste genera-
tion at 265 mllion netric tons, or 291 nillion English tons. The CMA
survey uses English tons.

lsUndarground injection is regulated under the Safe Drinking Water
Act (SDWA) according to the EPA's Underground | njection Control (U C
pernmit system However, Congress used HSWA to explicitly extend RCRA to
underground injection (RCRA Sec. 7010), and banned the underground in-
jection of hazardous wastes as of May 8, 1985. Moreover, the HSWA es-
tablished new authority under Subtitle | ("eye") to regul ate underground
storage tanks (USTs) so as to prevent them from |l eaking and thereby bec-
om ng LUSTs.
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If RCRA and CERCLA do provide strong incentives to reduce reliance
on | and-based hazardous waste treatment and disposal options and thereby
stinulate waste minimzation, it is reasonable to expect that sone
wastes will be shifted to these water-based disposal options if it is
technologically feasible to do so and difficult for regulators to pre-
vent or detect. \Waste nminimzation thus takes on added significance in

such cases because prevention is the only sure way to avoid inter-media

transfer.
Wastes disposed by air enission. RCRA's regulatory objectives also
overlap with certain parts of the Cean Air Act (CAA). In particular,

CAA Section 112 requires the EPA to pronul gate standards for hazardous
air pollutants. So far, the Agency has issued only a handful of stan-
dards (Haigh, Harrison and Nichols 1984), and its capacity to enforce
themis unclear. Gven the extent to which high disposal costs and
potential liability discourage traditional |and-based treatment and dis-
posal, the incentive to vent volatile toxics to the air has clearly in-
creased. Like the case of wastewater discussed above, actions that | ook

like waste minimzation may be cross-nmedia, transfers instead

Firms Illegally Qutside the Regul atory System

In the previous section we have identified three major ways in
which firns legally may generate or dispose of wastes outside of RCRA
rules. In this section we discuss illegal variations on the theme of
nonconpl i ance, focusing primarily on relatively stark exanples.

Qoviously, firms and individuals that generate, transport, or dis-

pose of hazardous wastes, but are unknown to either the EPA or the
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rel evant state authorities, will not be much affected by regulatory in-
centives for waste nmininmization. The regulatory programis relevant to
themonly insofar as it devotes resources to detecting illegal activity

and inposes significant civil and/or crimnal penalties.

The Econonics of 1lleqgal Disposa

The demand for illegal hazardous waste di sposal depends primarily
on the asymretry between disposal costs in the |legal and black markets.
As we indicated in Chapter 2, the cost of |egal waste disposal is high
because of the technol ogical requirements of RCRA and the potentia
liabilities of Superfund. The costs of illegal disposal, of course,
are nuch lower. Technology is sinple and requires no special skills or
expertise, and the inportance of crimnal sanctions is diluted consider-

d.14 The conventi ona

ably by the infrequency with which they are applie
wi sdom associ ates illegal dunmping with fly-by-night operators and SQGs
(Harris, Want and Ward 1987: 129; SQG Hearings 1983), but apparently
many environmental attorneys find little reason to presume such a cor-
relation (Ward 1983). In any event, Superfund liability may be a small-
er risk for firms engaged in illegal disposal. The task of detecting
contam nation seens likely to be difficult w thout probable cause for

| ooking for it. Even when dunping is discovered, tracing wastes from

this destination to their source is quite difficult barring inconpetence

lépeuter (1984: 36) suggests that the conbination of |ow technol -
ogy, mnor scale econonies, |ow entrepreneurial status, honogeneity in
the product, and local markets all favor the devel opnent of racketeer-
controlled cartels. These features unquestionably characterize illegal
hazar dous waste di sposal
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by the dunper or inside information. 13

As the regulatory system becomes nore stringent in its require-

ments, |egal disposal costs continue to rise but the costs of illegal
dunmping remain essentially unchanged. |f demand is at all responsive,
tighter regulation nust lead to nore illegality. Sinmilarly, changes in

CERCLA liability rules, settlenent procedures, and site cleanup objec-

tives that increase the expected cost of Superfund, also w den the gap
and therefore stinulate nore illegal disposal. If illegal disposal is
predominantly notivated by economcs, then controlling it requires that

this gap be narrowed.

Traditional lLaw Enforcenent Renedi es

The usual response to crimnal behavior is through | aw enforcement.

That is, government seeks to reduce illegality by raising its cost rela-
tive to legal behavior. In effect, |aw enforcement approaches attenpt
to shift inward the supply curve for illegality, either by increasing

the size of the penalty or raising the probability that is will be im
posed.

Typi cal of such law enforcement efforts is the EPA's Crinminal En-
forcenment Division, which was established within the Ofice of Enforce-

ment and Conpliance Mnitoring in 1982. Until 1984, however, the EPA's

B1e s inportant to separate detection fromattribution because
sone dunpers apparently desire the authorities to discover their ac-
tions, at least after the fact. An exanple of this behavior can be
found in the abandonnment in vacant lots or along roadsi des of (appar-
ently) intact druns of hazardous waste. According to Hanmitt and Reuter
(1988), the incidence of such abandonnents appears to be increasing, at
least within Los Angeles County. The number of cases handled by the
Sanitation Bureau of the Gty of Los Angeles has risen fromnine in all
of 1985 to 27 during just the first half of 1987.
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crimnal investigators lacked full |aw enforcement powers necessary to
execute search warrants, tap into state crimnal data bases and | aw en-
forcement radio networks, nake arrests, and carry firearns. They had to
rely upon the U S. Marshal's Service, the FBlI, and state and |local |aw
enforcenent agenci es whenever such powers were required.16 Initially,
the Crimnal Enforcenent Division hired 23 experienced crimnal investi-
gators and has continued to grow,17 but the nunber of investigators is
small in conparison to other federal agencies whose |aw enforcenent
responsibilities are also sonewhat tangential to their principal organi-
zational nissions. 18 Budget constraints have prevented the EPA s Na-
tional Enforcement Investigations Center (NEIC) from investigating about

three-fourths of the credible allegations of crimnal conduct received

16For an extensive discussion of the issue of EPA |aw enf orcenent,
see Law Enforcenent Hearings (1984). In 1984, EPA crimnal investi-
gators were deputized as Special Mrshals by the Attorney Ceneral.

17Harris, vant and Ward (1987: 248) reports 35 crininal investi-
gators at the EPA as of 1986. Note that these investigators are
responsi ble for enforcing the EPA's full slate of environnmental [ aws,
not just cases involving RCRA

18For exanple, in FY 1983, the Departnent of Justice fielded ap-
proximately 11,381 sworn | aw enforcenent officers (FBlI [7,500], Drug En-
forcement Administration [2,261], and U S. Marshals Service [1,620]).
Ot her agencies whose duties are primarily |aw enforcenent but are not
part of DQJ include the Coast Guard (28,087), the Secret Service
(2,729), the Custons Service (2,175), and the Capitol Police (1,222).
Ot her agencies whose primary responsibilities are, |like the EPA, not |aw
enforcenent but neverthel ess enploy sworn officers include the Posta
Service (4,205); the Internal Revenue Service (3,315), the Ceneral Ser-
vices Administration (2,366), the Forest Service (402), and the Federa
Aviation Adnministration (127). Data for the Departnent of the Interior
(i.e., the National Park Service, the National Park Police, and the Fish
and Wldlife Service) and the Departnent of Housing and Urban Devel op-
ment (i.e., the Federal Housing Admnistration) were unavailable. See
Law Enforcenent Hearings (1984: 123-127).
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(GAO 1985) .19

Hammitt and Reuter (1988) report that within Los Angel es County,
the total nunber of personnel devoted to hazardous waste |aw enforcenent
is about 25, about three-fourths of them sworn |aw enforcenment officers.
The California Department of Health Services fields ten crimnal inves-
tigators statewide. Pennsylvania's Toxic Waste I|nvestigation Program
houses three attorneys and nine investigators, and no additional |ocal
enforcenment personnel. The Massachusetts Department of Environnental
Qual ity Engineering (DEQE) enploys about 30 investigators and in-
spectors, but responsibility for crimnal enforcement rests with the six
environmental police officers enployed by the Division of Environnental
Law Enforcenent. Although this unit is supervised by the Attorney Cen-
eral's office, it is funded through the Department of Fish and Wldlife.
Thus, hazardous waste |aw enforcenent nust conpete with hunting, fish-
ing, and boating programs for its budget. O ficers work traditional day
shifts; overtime is severely linted and they |ack the conmunications
equi pment necessary to operate between sunset and sunrise or communicate

with other |aw enforcement agencies, such as the state police. 20

Ef fects of |aw enforcenent. Estimating the actual inpact of

crimnal sanctions is difficult for many reasons, not the least of which
is that the baseline level of illegal activity is unknown and probably

inpossible to deternmine. Nevertheless, we can suggest concerns based on

19 dman, Hul me and Johnson (1986) contends that the effectiveness
of the EPA's National Environnental Investigations Center (NEIC) as a
deterrent is linited because its operations are not visible.

201nformation from personal communi cations with Massachusetts En-
vi ronnental Law Enforcenent officers.
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the structure of existing incentives. First, crimnal sanctions nust be
di scounted according to the conbined probabilities of detection, ap-
prehension, and successful prosecution. Site access, which at tines has
been troubl esone for regulatory enforcenent personnel, is problenatic in
the criminal context. Apprehension may involve tinely response as well
as painstaking case preparation. Prosecutors vary in their concern for
environmental crines, and they always have many conpeting demands from
out si de agencies solicitous of their services.

Second, all sanctions are not equally effective. The threat of
extraordinarily large fines, for exanple, deters only those firms and

i ndi vidual s who possess sufficient resources to pay them 21

11 egal
dunpers, however, seemunlikely to be so heavily capitalized. Moreover,
as crimnal sanctions beconme nore severe, the probability of their ac-
tual inmposition tends to decline. Evidentiary standards and due process
requirenents escal ate and pl ea-bargai ning becones nore attractive to the
prosecution as a means of reducing admnistrative costs.22 Judges who

encounter a broad range of crimnal cases may view RCRA's high statutory

penalties as an aberration fromnnormal crimnal justice practice and

21pcra Section 3008(d) identifies crimnal violations. Maxinmm
penalties for first time offenses are $50,000 per day of violation and
five years' inprisonment. These penalties double for second and sub-
sequent convictions.

22RCRA Section 3008(e) provides maximum penalties of 15 years im
prisonment and a $1 nillion fine for "know ng endangernent." According
to Riesel (1985), only one indictment had been sought under this provi-
sion as of 1985, and even this single action remained unresol ved because
t he defendant was a fugitive.
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refuse to inpose them even agai nst defendants committing the nost
egregi ous hazardous waste-rel ated crimes. 23

Third, the returns to |law enforcement inevitably decline at the
margin.  Resources tend to be allocated to the easiest cases first be-
cause they are the least expensive to prosecute.24 Difficult cases con-
sume nore resources and offer |ower expected returns. Dunpers exacer-
bate this problem by beconming increasingly circunspect as the risk of
puni shment rises. The deputization of EPA investigators, combined wth
the anticipated use of informants and undercover operations, intensifies
the risks faced by illegal operatives, who may respond by inposing new
costs on the enforcers. 2°

Finally, the waste disposal industry In general has |ong suffered
froma notorious reputation for racketeer influence or control, pheno-
mena that seem plausibly related to illegal activities. In some regions
of the country, this opprobriumhas been richly deserved. In the
Greater New York area, for exanple, firms that initially provided haz-

ardous waste disposal services were begotten of the nore comonpl ace

23por a contrary exanple involving a relatively stiff sentence, see
Envi ronnental Forum (1983).

24Obviously, it is also vitally inportant to win. Pursuing the
most difficult cases first risks losing, and the signal received by
crimnals could be worse than if there was no enforcenment at all

25gpa investigators testifying in favor of full |aw enforcenent
authority cited nunerous instances,in which enforcenment actions were im
peded or prevented by threats of violence against them Cearly, the
EPA' s criminal investigations cannot be very aggressive in the absence
of law enforcenent authority. However, the risk of violence faced by
investigators may not necessarily decline once investigators have been
deputized: investigations that used to be thwarted by nere threats my
now require nmore persuasive approaches. See Law Enforcenent Hearings
(1984).
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trade of solid waste disposal, or "carting." According to both popul ar
and scholarly accounts, organized crime has dom nated the carting busi-
ness for decades, and apparently is immune to control through either
regul atory or |aw enforcement efforts. 26 Perhaps more inportantly, the
very fact that hazardous waste di sposal evokes an unsavory taste dis-
courages sone responsible firns from entering the business. As Reuter
(1984: 36) wites with respect to the New York carting trade, prosecu-
ti ons enhance the notoriety surrounding the industry, which further en-

hances the powers of the racketeers and di ssuades honest firms from get-

ting involved. In short, to the extent that organized crine is part of
the illegal disposal equation, |aw enforcement will probably be no nore
effective against illegal hazardous waste disposal than it has been in

ot her areas.

Evi dence of Nonconpli ance

G ven the hazards of enpirical research inillicit markets, it is
not surprising that the avail able evidence of the extent of illegal haz-
ardous waste activities is fragmented and anecdotal. Nevertheless, con-

26Reuter (1984) contends that the New York City Department of Con-
surmer Affairs, which has had regulatory responsibility for carting since
1956, has inadvertently hel ped rather than hindered efforts to maintain

mob control. Block and Scarpitti (1985) allege that on nunerous occa-
sions public officials and regulatory authorities have intentionally im
peded | aw enforcement operations directed against nob-controlled illega

hazar dous waste dunping.
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terns about illegal disposal have arisen in many contexts. 27

Qobvi ously, both the EPA and the Department of Justice have felt
that illegal hazardous waste disposal constituted a problem worth pursu-
ing. In concert with the Environnental Crimes Unit within the Land and
Nat ural Resources Division of the Department of Justice, the EPA's Crim
i nal Enforcenent Division produced 40 indictments and 29 convictions in

FY 1983. Absent any benchmark for conparison, we cannot tell whether

these nunbers are large or small, nor if they represent success or fail-
ure. 28 However, investigators have testified that these prosecutions
represent only a small fraction of ongoing illegal disposal activity.

Judgnments such as this nust be interpreted with care, of course, because

crimnnal investigators have a professional stake in discovering |arge

nunbers.
Much of the anecdotal evidence of illegal disposal has occurred in
the context of SQGs. |Indeed, Congressional action to elinmnate the SQG

exenption was prinmarily motivated by the widespread belief that it was
resulting in significant environnental harm (SQG Hearings 1983; GAO
1983a). According to the EPA's SQG survey, public sewers and solid

waste landfills are the nost popul ar hazardous waste disposal nethods

27§gg,e,g,, Epstein, Brown and Pope (1982) (a popul ar expose of
hazardous waste issues); Drayton (1984) (an environmentalist critique of
the EPA's regul atory performance); Block and Scarpitti (1985) (alleging
extensive organized crime infiltration in the hazardous waste transport
and di sposal business); Schwartz et al. (1987) (reporting interviews
suggesting wi despread illegal disposal anmong small quantity generators);
and Hammitt and Reuter (1988) (describing crinminal enforcenent practices
in selected jurisdictions).

2850 Law Enforcenment Hearings (1984: 93), Riesel (1985 10066).
Nei t her source reveals whether the remaining 11 indictments were stil
pending or had resulting in acquittals -- a crucial distinction for
meki ng even a cursory evaluation of enforcement efficacy.
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(Abt Associates 1985: 41). More recent evidence fromCalifornia -- a
state that did not adopt the federal SQG exenption -- suggests that a
high rate of SQG nonconpliance still exists.??

SQGs are not alone in practicing illegal disposal, of course. For
exanple, on Novenber 9, 1987, the EPA announced a consent agreenent with
Texas Eastern Transmission Corp. in which the firmagreed to pay cleanup
costs expected to reach $400 nmillion plus a $15 mllion fine. The natu-
ral gas pipeline company, which earned $1.3 billion in 1986, allegedly
di sposed PCB-contaminated oil in 89 illegal pits located in 14 states
from Texas to New Jersey. According to EPA investigators, this case is
but the initial result of a wider probe into PCB dunmping by the inter-
state gas pipeline industry (Boston dobe 1987: 3). I|f enforcenent
resources are directed first towards higher-valued cases, then the Texas
Eastern case nay not be an isolated instance, but rather the easiest of
several potential cases to prosecute. This would inply that illega
di sposal by even very large firns is far nore extensive than previously

believed.30

zgggg Schwartz et al. (1987: 15). This study cites results from
two regional governnent surveys which are revealing. In a Southern Cal -
ifornia survey, as nuch as 20 percent of liquid hazardous wastes genera-
ted by SQG were believed to be disposed illegally. A San Francisco Bay
Area SQG survey reported that 57 percent of the respondents practiced
some formof illegal disposal. Perhaps nost omnously, 34 percent of
the respondents were unwilling to pay anything for a legal alternative,
and another 18 percent were not willing to pay nore than $25 per nonth.
The study also reports clains nade by the District Attorney for Santa
Clara County (San Jose area) that nore than half of the 2,000 auto
repair facilities in the county dispose of their hazardous wastes il -
| egal | y.

30an alternative interpretation is that the EPA sel ected the Texas
Eastern case for prosecution because of the size of the firminvolved
and the deterrent effect that would result from nmaking an exanple of it.
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As this case denonstrates, traditional |aw enforcenent nethods
certainly have their place in detecting and punishing egregious
regulatory violations. They are not a panacea, however. Gven the num
ber of potential violators and the seemingly unlimted ways in which il-
| egal hazardous waste di sposal can be conducted, criminal enforcenent
seems unlikely to "solve" the illegal disposal problem As long as it
is driven by economc incentives, |aw enforcenent nethods are limted in

their ability to overconme viable illegal markets.

Nonconpl i ance Anbng Firns I nside the Requlatory System

Regul atory nonconpliance can occur at each stage of the hazardous
wast e managenent system  Cenerators may break the rules by inproperly
identifying, handling, or packaging wastes for subsequent treatnent or
di sposal, or by designating an inappropriate destination. Transporters
may fail to properly maintain vehicles and records, ensure driver
qualifications and training, or follow correct operating procedures.
TSDF operators may di spose of wastes |acking proper docunentation, or
otherwise violate the ternms of their RCRA pernits. For any party seek-
ing to nonitor these actors' performances-- private or governnental --
the ability to detect regulatory nonconpliance is inperfect at best. It
is also quite expensive because of the conplexity of the regulatory re-
qui rements and the nounds of evidence conprising the audit trail

The Uniform Manifest is the foundation of this informational sys-
tem In theory, maintaining a conprehensive "cradle-to-grave" inventory
of hazardous waste prevents their inproper disposal. The waste genera-

tor identifies the waste to be shipped, docunents its conposition and
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concentration, and directs the transporter exactly where it is supposed
to go. The transporter then verifies the accuracy of the information
provided by the generator and follows the generator's instructions pre-
cisely. Upon delivery, the TSDF operator confirns that the waste ship-
ment is as advertised, disposes of it as instructed by the generator and
returns a copy of the manifest to confirmthat the job has been com
pl et ed

Unfortunately, the manifest systemsuffers fromtwo critical prob-
lems that have yet to be resol ved. First, despite the intentions of its
inventors the accuracy of data recorded on hazardous waste manifests is
not independently confirmed. Second, manifest data are typically not
collected or maintained in ways that are conducive to effective

regul atory oversight.31

Erroneous Manifest |nformation

It is expensive to verify the accuracy of the manifest every time a
shi pment of waste changes hands. Anount, conposition, and concentration
cannot be discerned by sinple inspection, and conclusive proof my re-
quire extensive chenical analysis that is either costly or tinme-
consuming or both. Thus, transporters and TSDF operators have incen-
tives to rely upon generators for nost of this information, and the in-
dependent verification that was expected to occur does not happen in

practice. At best, information supplied by the generator is transnmitted

,31A third problem nentioned only inplicitly in the previous sec-
tion, is that the manifest system cannot docunent wastes that never en-
ter the RCRA management system This has |led at |east one observer to
characterize the mani fest approach as nmerely a "hearse-to-grave" rather
than "cradl e-to-grave" system
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correctly through the system

Besides the |ack of independence, opportunities abound for nanifest
data to become willfully or unwittingly corrupted. As the number of
participants and the ampunt of paperwork rise, the likelihood of errors
inevitably increases as well. These factors suggest a significant ca-

pacity to conceal intentional misrepresentation am dst inadvertence

| nadequat e oversight of manifests and reports. Every person or
firmthat handles a given shipnment of hazardous waste is supposed to
retain a copy of the manifest for at l|east three years. Many states
that operate EPA-authorized RCRA programs insist on receiving a copy as
well. This creates a veritable aval anche of paper. In Mssachusetts,
for exanple, nmobre than 7,400 nanifest reports are subnitted to the state
each week -- a volume that severely taxes the state's regulatory
resources, prevents tinmely data entry, and makes anal ysis problematic.32

Generators are required to file exception reports if they fail to
receive a copy of the manifest confirnming receipt by the TSDF within 45
days after shipment. However, neither the EPA nor the states have any
way to ensure that these exception reports are actually submtted.

The other significant informational requirenent is that generators
are required to submit biennial reports to the EPA (or the authorized

state program) on March 1 of each even-nunbered year covering hazardous

wast e managenent activities occurring during the precedi ng odd-nunbered

32§g§ Massachusetts Departnent of Environnmental Managenent (1987:
4), noting several serious problenms that plague the state's conputerized
mani f est system  Massachusetts officials concede that "data currently
avai |l abl e and presented [in their report] do not accurately reflect the
true quantity of manifested waste." Confidentiality protections linmt
the ability of outside researchers to gain access to the data.
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year. In theory, these reports give regulators a conplete sumary of
hazardous waste flows for every other year. Experience has shown, how
ever, that these reports have little value because of the gaps in
reporting and the absence of a standardi zed reporting format (Massachu-
setts Departnent of Environmental Managenment 1987. 4).

So far, regulators have been generally unwilling, or unable to util-
ize this information base. The conventional wisdomis that the inform-
tion contained in these reports is suspect. Interstate variations in
reporting requirenents, formats, and data structures have effectively
frustrated conparison and analysis. Problens such as doubl e-counti ng,
inconplete reporting, and failure to even subnit the reports are appar-
ently extensive (Massachusetts Departnent of Environmental Mnagenent
1987: 4). Once a credible case has been devel oped to support the al-
legation of a violation, data from manifests and biennial reports nay
of fer useful corroboration, but they have little value as instruments

for discovering nonconpliance.

Cenerator nonconpliance, Because transporters and TSDF operators

rely upon generators for manifest information, generators have consider-
able latitude in deciding howto classify waste and how much of it to
report. Even if transport and disposal costs are fixed, potential fu-
ture liability creates an incentive to msrepresent waste types and un-
derstate volunes. Transporters and facility operators are unlikely to
be able to detect small deviations, and even large discrepancies may go

unnoticed if detection requires sophisticated equipment or nethods

The exception reports referred to earlier nmake generators

responsi bl e for keeping track of their wastes. However, it is unclear
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whether a low rate of exception reports inplies a high |evel of com
pliance or a wi despread failure to report exceptions.

Perhaps the nost significant opportunity for generator non-
conpliance arises fromon-site waste managerment subject to a valid RCRA
permt. Manifests are not required for on-site disposal (although bien-
nial reports are), but there is no opportunity -- nuch less incentive --
for independent confirmation of data accuracy. Gven the recent enpha-
sis on waste nminimzation, the regulator is hard-pressed to discern so-

cially beneficial reductions in waste generation from creative bookkeep-

i ng.

Transporter noncompliance. RCRA regul ates transporters al nost as

extensively as TSDF operators; one reason for this degree of control is
that the practice of "nmidnight dunping"” originated with unscrupul ous
haul ers who typically disposed of hazardous wastes along road sides, in
vacant lots, and in abandoned buildings. Transporters need EPA identi-
fication nunbers but do not need pernmits, and haulers of SQG wastes are
excluded from coverage. |In general, hazardous waste transporters nust
conply with regul ations pronul gated by the Department of Transportation
(DOT) under the Hazardous Materials Transportation Act (HMIA), nmintain
records of source and delivery points for all wastes they handle in ac-
cordance with the RCRA Uniform Manifest system and transport wastes

only to RCRA-approved facilities.33

33Transporters nust al so conply with RCRA generator requirenents
when, for exanple, they clean hazardous sludge fromtank cars, rai
cars, ship holds, and pipelines, because the act of renobving wastes from
these enclosures constitutes "generation" under RCRA regul ations. Wen
multiple parties are involved in enptying, renoving, or cleaning
vehicles or vessels, all becone hazardous waste generators, and will be
held jointly and severally liable for violations of RCRA rules. If a
transporter-generator stores, treats, or disposes of wastes renoved from
cleaning, it becones a TSDF operator as well. Separate EPA identifica-



"Waste M ninmzation" Through Noncompliance

The nmanifest systemis the critical feature of RCRA transporter
regul ati ons. Deviations fromthe procedures and destination required in
the manifest are prohibited; a transporter cannot legally redirect
wastes, even when circunstances prevent the transporter from nmaking the
delivery prescribed by the manifest.

In theory, transporter behavior is nonitored by generators at one
end, and by TSDF operators at the other. Generators cognizant of poten-
tial liability will police their side of the transaction, and refuse to
do business with transporters that fail to abide by the rules. Simlar-
ly, TSDFs will oversee the destination side of the exchange and refuse
to accept wastes that are inproperly |abeled, packaged or manifested, or
arrive in unsuitable vehicles. Thus, as long as the manifest systemis
followed carefully, transporters will have strong incentives to comply
with RCRA and HMTA rul es.

An additional incentive for transporters. to conply is the threat of
entry, primarily in the formof vertical integration. Transport tech-
nology is not particularly conplex, and joint, and several liability
makes it risky for generators to rely upon independent haulers that |ack
substantial reachable assets. For simlar reasons, TSDF owners may also

devel op their own transport capacity.

TSDF noncompliance. Wastes nay be disposed at pernmitted RCRA

facilities that are out of conpliance with RCRA requirenments, and nei-

(conti nued)
tion nunbers are required for each role and each site at which any regu-
lated activity takes place.

Two inportant areas in which transporter regulation is considerably
weaker than that applied to TSDFs is that transporters do not need
permits or have to neet simlar financial responsibility requirenents --
unl ess, of course, they act as generators as described above.
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ther the generator nor the transporter need be renotely aware of it.
There are three general reasons why TSDF nonconpliance ari ses.

The nost obvious form of nonconmpliance is willful violation of the
regulatory system and this is often assumed to be the nost serious
problem  This nmay be correct in specific cases but need not be true in
general.  For example, willful nonconpliance with costly requirenents
that offer trivial environnental benefits actually enhances efficiency.
Simlarly, some regulatory requirenents may be counterproductive, even
when viewed from the nmost narrow environmental perspective, and willful
nonconpl i ance with such rules enhances environmental quality (and per-
haps efficiency as well).

The second way nonconpliance may occur involves upset conditions.
Sonetimes, normal start-up and mai ntenance tasks cause these events, and
the condition is automatically resolved once nornmal operations resumne.
Ironically, the mere testing of safety equi pment and emergency proce-
dures may create additional nontrivial upset hazards.3* Besides tech-
nol ogi cal inperatives, upset conditions can be caused by nature or hunman
error.

Finally, nonconpliance may be stochastic, the inevitable result of
the sheer conplexity of the regul ations, the technical character of the
performance criteria, or even the instruments used to neasure per-
formance. Facility pernits are extensive, technical, and site-specific
docunents that are amended as circunmstances warrant. Some conpliance

criteria (particularly those dealing with ground water monitoring) tend

34&;; Ni chol s and W/ davsky (1987) for a discussion of these risks
in the context of nuclear power plants.
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to be noving targets for which requirenents for affirmative conpliance
may never exist. It is thus a difficult task for a responsible facility
operator to ensure continued conpliance, thus making it hard to discern
willful from inadvertent violations.

Ironically, willful violations are probably the nost difficult to
detect, with upset conditions not far behind. |ntentional acts can be
schedul ed when inspections are not expected or shielded fromthe in-
spector's view. Upset conditions are unpredictable but generally in-
frequent, which makes themunlikely to occur during an inspection
Thus, inspections are nost likely to discover stochastic variations in
facility operations because of the |arge number of independent criteria
upon which a violation mght be founded.

CGenerators that stay in the RCRA system may face considerable
liability risks from TSDFs that are regularly or even occasionally out
of conpliance. Uncertainty surrounding future liability for current
waste di sposal thus raises the expected cost of hazardous waste di sposa
above the actual fees paid. However, the public-good aspects of TSDF
moni toring di scourage generators fromdoing it. Even if free-riders
could be elimnated, generator efforts to inprove TSDF conpliance may
not be cost-effective because regulatory conpliance does not extinguish
liability. In any case, uncertainty surrounding TSDF conpliance further

stimulates interest in source reduction.

: :
The available data indicate that a |arge nunber of permtted

facilities are regularly out of conpliance. As of Cctober 1986, 770 of
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the 1,655 (47 percent) land disposal facilities in the EPA's Strategic

Pl anni ng and Managenent System had been found to be in significant non-
conpliance (SNC), and the nunber of new SNC facilities identified was
rising faster than the Agency could reduce its backlog through enforce-
ment actions. 32 An exanination of enforcement actions in New York Gty
during FY 1984 reveal ed that 90 percent of the facilities listed in the
EPA's HVWDMS data base had never been inspected. In addition, half of
the violations observed were Class | violations, 90 percent of which had
not been corrected six or nore nonths after citation (Goldman, Hul ne and
Johnson 1986: 243, 262).

Problens with RCRA enforcenent have been evident since the outset
of the program  Enforcenment resources were increased by HSWA to approx-
imately $26 million in FY 1987, enough to fund nore than 400 FTE enpl oy-
ees (CRS 1987: 41). However, RCRA enforcenent had been cut from about
$13 million in FY 1981 to $5 mllion in FY 1983, making the recent in-
crease appear larger than it really was. |In FY 1984, the EPA fiel ded
only 176.5 full-time-equivalent inspectors across its ten regional of-
fices, and they each performed an average of just 5.55 inspections dur-
ing the fiscal year (Coldman, Hul me and Johnson 1986: Table 10-1).

Enforcenent efforts throughout the EPA's regulatory prograns have
been criticized as both ineffective and inefficiently targeted. Some

believe that the EPA' s |ong-standing enphasis on achieving initial com

355ee CRS (1987: 43-44): and Gol dman, Hul me and Johnson (1986:
Table 10-2). SNC applies to any facility that has Class | violations of
ground water, closure, post-closure, or financial responsibility re-
quirenents, or which poses "a substantial |ikelihood of exposure to haz-
ardous waste or has caused actual exposure, has realized an econonic
benefit as a result of non-conpliance, or is a chronic or recalcitrant
violator."
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pliance (i.e., the installation of state-of-the-art technol ogies) has
been nisplaced, thereby giving short shrift to the task of ensuring con-
tinuing conpliance (i.e., the dynanmic achievenent of regulatory objec-
tives). 36 Gven the long time periods of concern surrounding hazardous
wast e di sposal, continuing conpliance seens particularly inmportant if
public health and the environnment are to be protected from hazardous

wast es.

Concl usion

Qur discussion makes quite evident that a nontrivial anount of haz-
ardous waste escapes regulatory control under RCRA.  Sonme of this waste
is excluded by statute or administrative discretion. Mich of it is sup-
posed to be controlled through prograns authorized by other environnen-
tal statutes, such as the Cean Water Act. The remainder escapes
regul atory control, both because enforcement is inevitably inperfect and
resources commtted to enforcement inevitably seem inadequate for the
task. Since a conprehensive risk assessnent has not been conducted, we
cannot determ ne whether these gaps in regulatory control portend sig-
nificant environmental risks. W can say, however, that if rising haz-
ardous waste disposal costs and potential liabilities are stinulating
waste mnimzation efforts, then they also nake it attractive to stay
out (or get out) of RCRA. Because of the targeting difficulties in-
vol ved, additional incentives ostensibly intended for waste mninization
may exacerbate these phenormena if they fail to reduce the financial ad-

vant ages obtai ned from nonconpli ance.

36§ggd e.g., Russell, Harrington and Vaughan (1986).
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Moreover, opportunities for illegal disposal seemto be as plenti-

ful as ever. The EPA' s establishment of a crimnal enforcenent program

is anmple testimony that illegal disposal continues to occur. As long as
it is relatively inexpensive, illegal disposal will remain an attractive
way to achieve "waste mnimzation." This is but another reason why any

addi tional incentive prograns should be designed to narrow the gap be-

tween legal and illegal disposal costs.
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Chapter 4:

THE IMPACTS OF NONCOMPLIANCE AND ENFORCEMENT
ON RISK AND WASTE MINIMIZATION

In Chapter 2 we showed how the optimal |evel of waste mnimzation
depends on the interaction of disposal costs and external danmages.

Ri sing RCRA disposal costs nake waste mnimzation nore attractive to
the firmbecause it enables the firmto avoid these costs. But the very
rules that nmake disposal nore expensive also reduce the residual damages
that result from disposal, making waste mnim zation |less valuable to
society at large.

In Chapter 3 we outlined a variety of ways in which firm my
legally or illegally fail to conply with regulatory standards. The pos-
sibility that firms nay choose not to conply makes the tradeoff between
ri sing disposal costs and waste mininmization all the nore inportant.

The strong incentives for waste mnimzation provided by RCRA and CERCLA
will not have nearly as large an effect on such firns so strategies for
encour agi ng waste mnimzation nust take nonconpliance into account.

W now weave together these two threads of the analysis, extending
the framework from Chapter 2 to include the effects of nonconpliance.

The nost obvious response to the problem of nonconpliance is enforce-

ment, the effects of which we examne in the second half of the chapter.

I - els of Li

The environmental policy literature is replete with analyses of the

nerits of alternative regulatory instrunents applied across a wi de range
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of pollution problem;.1 However, with few exceptions this literature

enbraces the assunption that firms comply with the dictates of the

regul atory agency, whether it be in terms of neeting design or per-
formance standards, or accurately reporting emssion volumes for the
purpose of inplenmenting an incentive-based system (nly recently have
the inplications of nonconpliance been explored in nmuch depth, nost
notably in a najor study of environnental enforcenent by Russell, Har-
rington and Vaughan (1986). In that study, the existing literature is
classified according to what assunptions have been made on the follow ng

four issues:

1. WII the firmcheat if it isinits self-interest to do so0?
2. Can the firmcontrol its discharge |evels exactly?
3. Does the regulator nonitor firm behavior?

4, If the regulator does nmonitor, can it do so wthout error?

The first and third issues refer to explicit assunptions with respect to
firmand regul ator behavior. The second and fourth items have to do
with whet her the underlying processes of pollution control and

regul atory enforcement are determnistic or stochastic.

Most nodel s in environmental economics make very restrictive as-
sunptions about these factors: firns have perfect control and will not
cheat, and thus nonitoring issues are irrelevant. This is precisely the
approach we used in Chapter 2, where we showed that firms would reduce

wast e generation until the marginal cost of doing so equalled the unit

lggg e.g., Kneese and Schultze (1975); Baunol and Cates (1979);

1 g 1
Schelling (1983); Nichols (1984); Bohm and Russell (1985); and Tieten-
berg (1985).
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cost of waste disposal. Firms were presuned not to cheat, the regulator
did not need to nonitor firm behavior, and neither party's actions were
conplicated by stochastic processes.

In nodel s of nonconpliance, at |east one of these assunptions is
rel axed.  For exanple, Viscusi and Zeckhauser (1979) assume firms do not
comply if it is not in their self-interest. Firns have full control of
the relevant output measure (in the Viscusi-Zeckhauser paper, product
quality), and the regulator nonitors their behavior wthout error if an
inspection occurs. Thus, uncertainty surrounds only whether a particu-
lar firmw |l be inspected. Viscusi and Zeckhauser show that the op-
timal standard under inconplete enforcement is obtained where the
mar gi nal benefits of regulatory conpliance equal the opportunity cost of
benefits foregone due to nonconpliance. Thus, the optimal standard is
general |y weaker (and never stronger) than if full conpliance can be
ensur ed

Similar approaches have been used by Harford (1978) and Storey and
McCabe (1980). Both of these papers focus on how the presence of non-
conpliance affects the choi ce between standards and charges. In addi-
tion, Harford' s paper analyzes the merits of subsidizing pollution con-
trol costs as a means of overcomi ng the nonconpliance problem A recent
paper by Sullivan (1987) attenpts to determine the optinal |evels of en-
forcenent effort and di sposal subsidies in a regime where firms either
conply or engage in illegal disposal. Sullivan takes the existing
regul atory standards as given, so his nodel cannot be used to eval uates
the effects of alternative control |evels on conpliance rates.

In studies by Downi ng and Watson (1973; 1974; 1975), \Watson and

Downi ng (1976), and Vaughan and Russell (1983), one or both of the
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determnistic process assunptions are relaxed. The enphasis of these
wor ks has been directed toward either firms' optinmal control strategies
(Downi ng and Watson) or the regulator's optimal nonitoring scheme
(Vaughan and Russell). In a paper by Linder and MBride (1984), both
processes are stochastic. The book-1ength study by Russell, Harrington
and Vaughan (1986) also allows for stochasticity in both measurenment and
control and suggests a range of appropriate enforcenent strategies.

Wth respect to hazardous waste managenent (and especially mni-
m zation), these process assunptions seem particularly inportant.
First, consider the difficulties facing regulators. Mnitoring is espe-
cially difficult for several reasons. The agency may have inconplete
information concerning both the identity of firms subject to its
regulatory authority, and the anount and type of wastes they currently
generate. Knowing of the firms existence does not necessarily trans-
late into knowi ng where to | ook for evidence, because waste nanagement
activities can occur far fromthe production lines that generate the
wastes. Furthermore, the measurenment task itself is greatly conplicated
by the nunber of substances involved, the nyriad nmethods by which they
coul d be conbined, the conplex testing nethods needed to verify and
quantify the presence of many of them and the variety of ways in which
these materials can be nmanaged. Aggravating these nonitoring problens
is the large nunber of firns that are plausibly subject to regulatory
authority, particularly since Congress rescinded the EPA's SQC exenption
in 1984.

Second, fromthe waste handler's perspective, conpliance is at best

an elusive target. The full ganut of RCRA regulations is stunningly
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conpl ex, so much so that a cottage industry has nmaterialized offering
expert help just to interpret the rules. The EPA has responded to the

confusion and conpl exity by publishing guidance docunents intended to
clarify the requirenents, but in nmany cases these docunents thensel ves
are difficult to understand, providing still nore grist for the RCRA
consul ting mill.?2 Regul atory anbiguity is exacerbated by uncertainty
about the pace of technol ogi cal change, particularly because of its
"ratchet" effect on standards, and the direction and timng of future
agency actions. The highly prescriptive character of HSWA hei ghtens
concerns that the Congress will nake major changes in its next RCRA
reaut horization, changes that could destroy the value of conpliance de-
ci sions made now.

Assunptions concerning firm behavior are simlarly inportant in
hazardous waste regulation. In Chapter 3 we classified nonconpliance as
willful, aberrant (i.e., due to upset conditions), or stochastic (i.e.
due to inperfect measurement of performance), and said that regulators
are often hard-pressed to distinguish anmong them-- clearly a conundrum
for both the efficacy and perceived legitimcy of regulators' enforce-
ment prograns. All three types of nonconpliance seemto be copious wth
respect to hazardous wastes. Nonconpliance may be manifest in nany
ways, fromsinply refusing to pay any attention to the regulations, to
m st aken conpliance with the wong rules, to intentional conpliance with
the wong rules, to outright illegality. In addition to measurenent er-

ror, stochastic nonconpliance may arise sinply due to inconsistencies in

2§eg, e.g., coments by Garelick (1987) on the EPA's guidance docu-
nment concerning recycling.
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regulatory interpretation, the intensity and frequency of inspection,
and the nature of the facility being inspected.

One phenonenon that previous nonconpliance nodels seem to have
neglected is the possibility that regul atees m ght respond by abandoning
the regul ated system for the black market. A good reason for this past
neglect is that there are few anal ogs of the black market for hazardous
wast e disposal in environnental programs; nonconpliance is frequently a
problemin other areas, but it rarely leads firms to take actions that
increase risks. In the hazardous waste area, however, incidents of il-
licit disposal contributed significantly to public (and Congressional)
perceptions of the need for strict regulation, and still occur wth suf-

ficient frequency to arouse concern. 3

A Franmework for Nonconpliance and Enforcenent

Qur analysis of the effects of nonconpliance begins with a nodified
version of the nodel devel oped by Viscusi and Zeckhauser (1979). In
that nodel, firm and agency decisions are determnistic; firms know what
it costs to comply and know when they are in conpliance, and the
regul ator can neasure conpliance perfectly. Limted enforcenent
resources, however, nake it inpossible to nmonitor all firms and there
are caps on the penalties that nay be inposed. As a result, the ex-

pected penalties for nonconpliance may not be sufficient to get al
firnmse to conply. After setting up the basic framework, we introduce the

possibility of nonconpliance taking the form of high-risk, “black

’See, e.g., Epstein, Brown and Pope (1982); Law Enforcenent Hear-
ings (1983); and Block and Scarpitti (1985).
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market" disposal. W then look in nore detail at the effects of dif-

ferent regulatory approaches -- including various forms of enforcenent,

taxes, and subsidies.

The Basi c Mbdel

In Figure 4-1, the curve D(r) represents the total direct cost to
the firmof disposing of a unit of waste a$ a function of the unit risk
remaining after disposal. It is sinply the total-cost analog to the
margi nal cost curve illustrated in Figure 2-2, -D(r). In the absence
of regulation, the firmwll mnimze costs at the risk level ry, which

yields a cost of Cy - D(ry).
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Figure 4-1. The Representative Firms Waste Disposal Decision

Suppose, as in Chapter 2, that the regul ator establishes standards

. . . . *
mandating r* as the maxi mumallowable, unit risk, where r” < ry. If t he
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firmconplies with these standards, it minimzes costs at Cg = D(r™).
In Chapter 2, we assumed that the firmwould conply, despite the fact
that Cgp > Cy.

Failing to obey the standard exposes the firmto nonconpliance
penalties, potential liability for renedial or corrective actions, and
intangi bl e costs such as danage to reputation. But these costs are not
automatic: the probability that they will be inposed depends on, anong
other things, the size of the enforcenent effort. For any fixed |eve
of enforcement, the threat of penalties resulting from nonconpliance
raises the firms expected total costs by an ampbunt that we define as
FN'A Thus, for risk levels greater than r*, the firnmis total cost func-
tion shifts upward to I(r) + Fy. Under the presumed optinmal standard,
the full total cost curve is therefore discontinuous, with a vertica
shift at r™. This curve is minimzed at either r*. in which case the
firmconplies, or ry, in which case the firm does not.> For the firmto

conply with the standard

(4-1) Cp<Cy + Fy, or

4 is a function of the level of sanctions and the combined pr ob-
abilities of detection, apprehension, and punishnment. |n a nore genera
anal ysis of enforcenent strategies, these conponents would be dis-
aggregated.  Qur purpose here is linmted to analyzing the overall effect
of enforcenment rather than the effects of its constituent parts.

31n keeping with the Viscusi-Zeckhauser nodel, we have assuned that
the expected value of the fine, Fy, is constant with respect to the dif-
ference between actual unit risk and the unit risk enbodied in the
regul atory standard. This need not be the case. For exanple, penalties

m ght increase with the severity of the violation. In that case, the
expected cost of nonconpliance would be mininmized at a risk |evel |ower
than ry; firms that did not conply would still engage in some risk

reduction sinply to reduce the expected cost of sanctions. Thus, |ost
ri sk reduction opportunities from nonconpliance would be snaller under
this kind of penalty structure. Unless such penalties are sufficiently
| arge, however, these firms still will not conply with the standard
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(4-2) cg - Oy < FN.

The left side of Equation 4-2 equals the vertical distance between Cg
and CN in Figure 4-1; the right side is the vertical shift in the cost
curve if the firmis out of conpliance. As we have drawn the figure
this condition is not satisfied; i.e., the firnmls mninumcost strategy
i's nonconpliance.

Vi scusi and Zeckhauser enphasize the fact that tightening the stan-
dard can reduce overall achievenment of the regulator's goal, in this
case risk reduction. As the standard beconmes tighter, those firnms that
remain in conpliance will achieve greater safety, but the higher costs
of tighter standards also will drive nmore firns into nonconpliance, thus
undoi ng sone of the benefits obtained by the standard. In their paper,
they show how the optimal standard depends on the distribution of firns'
costs; that result applies to hazardous wastes as well, but we do not

explore it here.

The Bl ack Market

In keeping with the Viscusi-Zeckhauser nodel (and nost other
anal yses of conpliance), thus far we have assuned that if firns fail to
conply with a standard, they will sinply continue with whatever disposa
met hod they used prior to regulation. The worst that can happen with a

standard and its associated enforcement effort is that will be ineffec-

6The issue arises again in the case study presented in Chapter 7,
in which we derive the optinal subsidy for a deposit-refund system ap-
plied to used lubricating oil
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tive; failure to conply means business as usual. In the case of hazard-
ous waste, however, firms may have other, even riskier, disposal options
avail able through a "black market" that arises to evade detection. |f
conventional regulatory enforcenent drives sone firns into the black
market, it may have the perverse effect of increasing risk.

Suppose that in addition to the regulated market, the firmhas il-
| egal disposal options reflected in the curve B(r) in Figure 4-1, where
the B(+) notation indicates that the black market involves fundanmenta
di fferences in technol ogy and market characteristics. 7 11 egal disposal
costs are mininmzed at rg, which corresponds to a disposal cost of Cg =
B(xp). In the figure, we have shown Cg > Cy: i.e., in the unregul ated
situation, "ordinary" nonconpliance is both cheaper and less risky than
bl ack- mar ket di sposal. Conventional enforcenent, however, can make the
bl ack market viable by driving the cost of ordinary nonconpliance above

that of illegal disposal:8

7An awkward semantic issue arises here. Strictly speaking, or-

di nary nonconpliance and bl ack market disposal are both illegal in the
sense that they violate either laws or regulations and can be punishable
through various sanctions. In this framewrk, waste management prac-

tices that may have been considered acceptable in the past, but are now
regarded as inadequate or inproper, constitute "ordinary nonconpliance"
because they arise within the context of the firms pre-existing waste
management technol ogy and a regul ated nmarketplace. W shall reserve the
terms "illegal" and "illicit" for those disposal activities so egregious
that no pretense of propriety could conceivably acconpany them  They
occur in what we shall termthe "black market," an environment regul ated
not by the institutions that accompany and legiti mate market exchange,
but by the encunbering presence of |aw enforcement, and to some extent,
the needs and desires of the participants to regul ate thensel ves.

81¢ Cg initially is less than Cy, then the firmwould have been in

the black market fromthe outset, and regulatory enforcement would have
no effect. If Cg > Cg, then the black market is not viable and

regul atory enforcement cannot induce firns to switch into it.

4-10



The Inpacts of Nonconpliance and Enforcenent

This is the case shown in Figure 4-1; conventional enforcement pushes
the firminto the black market, rather than into conpliance.

Enforcenent resources also may be devoted to deterring black-nmarket
disposal. W define Fg as the expected value of penalties for black-
mar ket disposal. Although there may be sone overlap between the two

types of enforcement, in general the approaches are likely to enploy

di fferent methods.

Law enforcement will shift the cost of black-market disposal upward
to B(r) + Fg. If both regulatory and |aw enforcement prograns are in
place, a firminitially in the regulated market (but not in conpliance)
will switch to the black narket only if its cost is less than the mni-

mum of ordinary nonconpliance and conpliance:

Cr
(4-4) Cg + Fg < mim .
. Cy + Fy

As we have drawn Figure 4-1, this condition is not satisfied; the penal-
ty for black-nmarket disposal is |arge enough to make it nore costly to

the firmthan conpliance with the standard, and ordinary nonconpliance

is the least-costly option of all
Note that with the possibility of high-risk, black narket disposal
Vi scusi and Zeckhauser's cautions about the potential adverse effects of

tighter standards are reinforced; not only will such standards create
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incentives for nonconpliance, but endeavoring to enforce them may nake

matters worse by driving at least some firns into the black market.

The Effects of Waste-End Taxes

I nconpl ete conpliance also raises questions about the advisability
of waste-end taxes. In Chapter 2 we showed that if conpliance is as-
sured, the regulator can motivate the firmto select the socially op-
timal |evel of waste generation and nethod of disposal by inposing a tax
equal to residual external damage. |f nonconpliance is feasible, how
ever, some firms that initially did conply would respond to the tax by
droppi ng out of the system thereby creating new welfare losses. If a
vi abl e black market exists, these welfare |osses may be very |arge.

W make the reasonable assunption that firms in the black narket
will evade the tax; if regulators are unable to identify cases of
bl atant evasion, they certainly will be unable to levy a tax that re-
quires nonitoring of the waste output of such firms. Thus, in terms of
Figure 4-1, a waste-end tax has no effect on the right-hand cost curve,
the one associated with the black market.

Firnms engaged in ordinary nonconpliance may or may not be able to

evade the tax. If they cannot evade it, then the firmwll choose to
conply if:
Co + FN + TD
(5) CR + TD < mi ’
. Cg + Fp '
where Tp is the tax per unit of waste. In this case, the waste-end tax

woul d not affect the tradeoff between conpliance and ordinary non-
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conpliance; in terns of Figure 4-1, the total cost curves for the regu-
lar market would shift upwards by equal amounts at all risk levels.?
The tax, however, does nake the black narket nore attractive, and thus
can cause firns to shift fromeither conpliance or ordinary non-
compliance to the black market. The waste-end tax does succeed in caus-
ing regul ated market firms to cut back on their waste generation, but
the gains fromthese reductions nay well be offset from substantially
hi gher disposal risks for those firns that switch to the black market.
An alternative assunption is that firms practicing ordinary non-
conpl i ance al so can evade the waste-end tax; after all, the tax cannot
be levied at the generator |evel without revealing the firm's non-
conpliance, and levying the tax at the TSDF level will primarily capture
approved disposal methods. The effects of the tax become nore am

bi guous, because now the firmwll conmply only if:

Co + FN

In this case the waste-end tax clearly lowers the costs of both forms of
nonconpl i ance relative to conpliance, and thus provides an incentive for
firms to stop conplying irrespective of which form of nonconpliance is
| east expensive. |t does not provide an incentive for firms to switch

from ordi nary nonconpliance to the black market; conversely, however, it

IThis assunes a sinmple formof waste-end tax that does not vary
with the risk level. A nore sophisticated approach would be to vary the
tax with the risk; that would require additional nonitoring, however,
and woul d not cope any nore effectively with the black market problem

4-13



Chapter 4

provides no incentive to minimze waste generation for firns that engage
in ordinary nonconpliance.

In sum a waste-end tax that would achieve the socially optim
result in the absence of nonconpliance becomes potentially counter-
productive once conpliance is not assured. Mreover, the larger the tax
the more likely it will be that a firmwll find its incentive to conply
has been nullified. Evaluating the aggregate effects of a waste-end tax
requires that these results be summed across the distribution of firns'
switch points, about which we have no information. Nevertheless, it
seens quite plausible that some firns will have nonconpliance costs that

reside within the sensitive zone. |If tax rates are high relative to

di sposal costs, then this zone may be quite large, and thus contain a
10

significant number of firms.

In this section, we use the graphical approach devel oped in Chapter
2 to analyze in nore detail the effects of enforcenent on the firnms
choi ce of disposal options and its level of waste mininmzation. W |ook
first at conventional regulatory enforcement, targeted primarily at
firms that are part of the regulated system but which may not be in
conpliance with RCRA rules. W then turn our attention to "law enforce-

ment , which is ained at firns in the black narket.

10yagte-end taxes in California, for exanple, ranged from$2 to
$150/ton in 1986 Hanmitt and Reuter 1988; 8).
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The Effects of Regulatory Enforcement

The four panels of Figure 4-2 illustrate the effects of regulatory
enforcenent on waste minimzation for a firmengaged in ordinary non-
conpl i ance. ™ Cy is the firms initial disposal cost and wy is its ini-
tial level of waste generation per unit of output.

Suppose that bl ack-market disposal is nore costly than conpliance,
and thus illegal disposal is not a viable alternative. Regulatory en-
forcement raises the expected cost of nonconpliance. If the enforcenent
effort is small, however, expected penalties may be insufficient to
rai se nonconpliance cost above Cp -- the critical point for the firmto
switch. As a result, the risk per unit of waste disposed will be as
high as ever. Enforcenent, however, wll induce some additional waste
mnimzation, with net social benefits less than or equal to the shaded
area in Panel (a)

If the enforcenment effort is increased so that the expected cost of
nonconpl i ance exceeds Cr, then the firmw !l indeed switch to com
pliance. This reduces the social cost of the hazardous wastes generated
per unit of output fromSy to S*, and yields net social benefits equa
to the lightly shaded rectangle in Panel (b). Switching to conpliance
pushes unit disposal costs to Cg, so the firmwll also reduce waste
generation to wg per unit of output. Thus, the net social benefits from

waste mnimzation equal the darkly shaded area in Panel (b).12

11Recall that, by assunption, regulatory enforcement has no effect
on firms in the black narket.

lzlmplicitly, we have treated the intersecting area as a benefit

associated with a reduction in disposal risk. It could, however, just
as easily be attributed to waste mnimzation.
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If the black market is viable, then the salutary results shown above may
be seriously attenuated, if not reversed. |f the expected cost of

bl ack- mar ket disposal lies below that of |egal disposal, then as the ex-
pected penalty for ordinary nonconpliance increases, the firmwll
switch to the black nmarket rather than to conpliance. In the "worst"
case, black-nmarket disposal initially is alnost as cheap as ordinary
nonconpli ance; the slightest increase in regulatory enforcement induces
a switch to the black market, and no waste-minimzation benefits arise.
Furthernore, the switch to illegal disposal creates new social costs
fromincreased disposal risks equal to the diagonally shaded rectangle
in Panel (c).

In the "best" case, the cost to the firm of black-market disposal
is alnost as high as that of legal disposal. Only a vigorous regulatory
enforcenment programthat seeks to pressure the firmto switch to com
pliance will instead cause the firmto switch to bl ack-nmarket disposal.
It will, however, induce some waste mnimzation. As a result, it
yiel ds waste-mnimzation benefits equal to the darkly shaded area in
Panel (d). New social costs fromincreased disposal risks still arise,
an anount equal to the diagonally-striped rectangle in Panel (d).

Note that these effects are reinforcing. Potential waste-
mnimzation benefits get larger and potential disposal-risk costs get
smal | er as the switch point approaches Cg. Thus, if the sum of waste-
mnimzation benefits and disposal-risk |osses is negative when the
switch occurs near Cg, then the sumw |l also be negative for all |ower

switch points as well.

4-17



Chapter 4

The Effects of Law Enforcement

Now consi der |aw enforcenent targeted on bl ack market disposal
The effects are illustrated in Figure 4-3, which duplicates the basic
panels from Figure 4-2, except that the firms initial cost, Cg» is the
cost of bl ack-market disposal

As with regulatory enforcement, even an effort that is too small to
i nduce any change in disposal method can yield waste-mninimzation bene-
fits; the maxi mum possible benefit from waste mninization alone is the
darkl y-shaded area of Panel (a). Note that waste mininization yields a
| arger net social benefit with black-nmarket nonconpliers than with or-
di nary nonconpliers because of the higher social cost of black market
di sposal

If ordinary nonconpliance is nore expensive than conpliance, then
the firmwll cone into conpliance if the expected penalty for black
mar ket disposal raises the cost of continued illegality above Cg. The
social cost per unit of output is then reduced fromsSg to S*, yi el di ng
net benefits equal to the lightly shaded rectangle in Panel (b). In ad-
dition, because conpliance entails higher disposal costs, the firmcuts
waste generation to wg and creates additional social benefits equal to

the area of the darkly shaded trapezoid.13

131he net benefits defined by the intersection of these areas can
be attributed to either waste minimzation or to the reduced risk of
di sposal
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However, if the expected cost of ordinary nonconpliance is slightly
| ess than than that of conpliance, then tightening |aw enforcenment will
drive the firmout of the black market and into ordinary nonconpliance
rather than conpliance. This may seem undesirable, but the social bene-
fits that arise may be substantial. By switching to ordinary non-
conpliance, the firmlowers the social cost of each unit produced from
Sg to Sy, yi el ding net benefits equal to the area of the lightly shaded
rectangle in Panel (c). |If the cost of ordinary nonconpliance is just
barely higher than that of black-market disposal, these will be the only
benefits reaped. The swtch, however, also may yield additional waste-
mninzation benefits as large as the area of the darkly-shaded
trapezoid in Panel (d), if the cost to the firmof ordinary non-

conpliance is alnost as great as that of conpliance.

Comparison of Enforcement Strategies

W have summarized the potential effects of both types of enforce-
ment efforts in Table 4-1; the graph below the table is structured to
provide a guide to the areas identified in Figures 4-2 and 4-3. In both
cases, enforcement is intended to make nonconpliance nore expensive than
conpl i ance. If enforcement works as intended, benefits result fromless
risk per unit of waste disposed and from a reduction in the anount of
waste generated. Again in both cases, if the enforcement programis not
| arge enough to change the firm's disposal nethod, no reductions are
achieved in risk per unit of waste, but some gains are likely to result

from waste mnimzation.
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Table 4-1. Net Benefits of Alternative Regulatory Enforcement Programs

Wast e Di sposa
M ni mi zation Ri sk
Change in Disposal Method Net Benefits Net Benefits

REGULATORY ENFORCEMENT
(inmpact on firms initially in ordinary nonconpliance)

Continued Noncompliance <sf+j+mn 0
Switch to Compliance +j +n +d+e+f
Switch to Black Market
Best outcone +f +j +n -a-b
Wor st out cone 0 -a-b-c

LAW ENFORCEMENT
(inmpact on firms initially in black nmarket)

ntin Black Market Di | <c+f+j+n 0
Switch to Compliance +j +n +at+b+c+d+e+f
Switch to Ordinary Noncompliance

Best out come +f +j +n +atb+c

Wor st out cone 0 +a+b+c

Sg

b 4

> a
§ ™,
g s

b=
§o%|

Co

Ca¥o

w WR ﬂo 'S
Waste per Unit of Output

GQuide to Table 4-1

Note: In cases where the attribution of net benefits is anbiguous, they
have been classified as resulting fromreductions in disposa
risk.
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The key difference between the two types of enforcement lies in
what happens if firnms switch to another form of nonconpliance rather
than to conpliance. For regulatory enforcement, switching to another
form of nonconpliance inplies entry into the black market, with ac-
conpanying losses in social welfare due to increased disposal risks. By
contrast, for law enforcenment, changing the nethod of nonconpliance im
plies exit fromthe black market, which nmeans that potentially sig-
ni ficant reductions in residual damage are obtained even if conpliance
does not occur.

Note also that some additional waste minimzation is likely to take
pl ace irrespective of any shift in disposal method. At first glance
this may seemto be a tidy result, but the inpression is deceptive.
Shoul d the regul ator observe waste minimization occurring subsequent to
an increase in regulatory enforcenent, for exanple, it does not neces-
sarily nmean that firnms are responding to the increased threat of sanc-
tions by conplying with regulatory standards. Rather, since the waste
mnim zation effect is independent of the firms choice of disposa
met hod, many firns may be responding by wthdrawing fromthe regul ated

wast e managenment system and sel ecting illegal disposal options instead.

mmar

The possibility of nonconpliance conplicates the tasks facing both
regul ators and policy analysts. Strategies such as waste-end taxes that
appear highly desirable if conpliance is assured may be counterproduc-

tive if firms can stop conplying. Simlarly, tightening standards may
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reduce overall safety by reducing the number of firms in conpliance.

The obvious prescription for nonconpliance is stepped-up enforce-
ment efforts. Conventional enforcement, however, nay increase risk by
driving nonconplying firms to nore dangerous, but less easily detected,
forms of disposal in the "black market." Enforcement directed specifi-
cally at bl ack-market disposal does not run that risk.

This analysis mght appear to suggest that |aw enforcenment targeted
on bl ack-nmarket disposal is always superior to regulatory enforcenent
ai med at ordinary nonconpliers. In general, however, the optimal enfor-
cenent strategy is likely to involve a mx of both approaches, and the
relative enphasis will depend on a variety of factors. These factors

i ncl ude:

1. Relative risks. The relative |levels of Sg, Sy, and S* matter
greatly. The larger the gap between Sg and Sy and the snmall-
er the difference between Sy and 87, the nore inportant it is
to curtail black market disposal and the less inportant it is
that firms fully conply with disposal regulations. Under
such conditions, |aw enforcenent becones relatively attrac-
tive.

2. Relative enforcement costs. Ceteris paribus, the cheaper an
enforcement nethod is, the nore attractive it will be rela-
tive to its alternative.

3. The actual and potential distributions of firms across vari-
ous categories. The nore firms there are in the black nmarket
as opposed to ordinary nonconpliance, the nore attractive |aw
enforcement will be. Even if the black narket is initially
thinly populated, |aw enforcement will be preferred if inten-
sified regulatory enforcement would drive many nmore firns
into illegality.

It is also inportant to renenber that enforcenent of any stripe can

be an expensive commmodity. Not only does it consume scarce governnenta
resources that could profitably be spent el sewhere, but reliance upon

enf orcement al so inposes additional costs on society. Sonme of these
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costs are obvious: resources devoted to enforcenent are real socia

costs and not just transfers. Oher costs are nore subtle, such as the
investnent firms make to devise new ways of evading the enforcers.

These adaptive responses dinminish the effectiveness of enforcement, make
any given |level of efficacy nore expensive, and reduce the value to

soci ety of the very actions enforcenment seeks to notivate.

In theory, the problems of nonconpliance could be elimnated by
rai sing the expected penalties for both ordinary nonconpliers and for
those operating in the black market. Raising the probability of ap-
prehension, however, is costly, requiring nore enforcenent resources.
Alternatively, the penalties for nonconpliance could be increased; as
nuner ous papers have shown, even if the probability of apprehension is
very |low, deterrence can be achieved if the penalties are high enough
(Becker 1968). In practice, however, the possibility of bankruptcy
places a limt on effective penalties, and in nost cases the politica

system pl aces even |ower effective limts.

4-24



Chapter 5:

SUBSIDIES TO ENCOURAGE COMPLIANCE AND WASTE MINIMIZATION

Enf orcenent prograns seek to pronote conpliance by raising the cost
of nonconpliance. An alternative is to reduce the cost of safe disposa
or, perhaps waste mnimzation, through subsidies. In this chapter, we
explore the nerits of such subsidies. The first section eval uates sub-
sidies narromy in ternms of their inpacts on the choice of disposa
met hod and on the amount of waste generated per unit of output. Viewed
fromthat perspective, subsidies, particularly those targeted at waste
mnimzation, |ook quite favorable. In the next section, however, we
poi nt out several serious drawbacks, sone of which apply to subsidies
generically, but others of which are nore particular to waste-

m nimzation subsidies.

The Basic Analytics of Subsidies

A wide variety of subsidies nmight be considered for reducing the
ri sks associated with hazardous wastes. Countless variations are pos-
sible given the many different activities that could be subsidized and
the different measures that might be used to deternine the ambunts paid
to firms. In this section, we abstract fromthese possibilities to
focus on two sinple forms of subsidies: those targeted on safe disposa

and those ainmed at waste-mnim zation.

Safe Disposal Subsidies

Consider first a subsidy for safe disposal. Let the subsidy be a

fixed amount per unit of waste disposed, with the rate set at Yp for
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each unit disposed at a risk of ¥ or | ess, where, as before, r* is the
risk level achieved under the disposal standard. Referring back to Fig-
ure 4-1, instead of shifting the cost of disposal, D(r), up for riskier
nmet hods (as regulatory enforcenent does), such a subsidy would shift it
down for safer methods (to the left of r*). If the firmconplies, costs

are mininmzed at r*, so the firmuwill comply if:

Cn
(5'1) CR'YD<C0"min .

Cg

Qobvi ously, the disposal subsidy increases the probability that the firm
wi || choose safe disposal in conpliance with RCRA rules over either or-
di nary nonconpliance or the black market.l
The effects of a safe-disposal subsidy on waste mnimzation and
social costs are illustrated in Figure 5-1. Consider first a firm that
is in conpliance with the disposal regul ations; as shown in Panel (a).
The effects in this case are unambi guously negative: the firm already
conplied, so there are no risk-reduction benefits, and the subsidy
| oners the cost of disposal, thus increasing the firms waste per unit
of output fromwg to wy. The net social loss fromthe subsidy is the

area of the shaded trapezoid in Panel (a).

l1n Equation 5-1 we ignore the expected costs of enforcement. This
sinplifies the exposition, reduces clutter in the diagranms, and has no
effect on the results.

5-2



Subsi dies to Encourage Conpliance and Waste M ninization

AAAAAA

—~

Net Externagi Senefit:
Safer Disposal

Cost
%
w
=z

Marginal |
n)
*
Margina!l Cost
0
*

-y Net External Cost: C -Y

c Net Externg! Cost
R D More Waste \ R DT More Waste \
* >
W W W w w
w R 0 v WR wo Y
Waste per Unit of Qutput Waste per Unit of Qutput
(a). |Initial Compliers (b). Initial Ordinary Noncompliers
S S 1
s T T g

‘Néf E.xter'ﬁc.l‘ Benefit:

Safer Disposat SN \

*

0
NONNRNNY
Marginal Cost
o
2 *

Marginal Cost
"))

0 — e /] C(} 554 Subsidy Payments
C -y Net External Cost: Q C -y
R O o More Waste \ R. D
* o B %
w WR WO WY w wR wo wY
Waste per Unit of Output Waste per Unit of Qutput
(c). Initial Black Market Noncompliers (d). Cost of Subsidy to Government

Figure 5-1. The Effects of a Safe-Disposal Subsidy

5-3



Chapter 5

Now consider the effects of the subsidy on firms initially out of
conpl i ance. I'f the subsidy is too small, so that Cp - ¥y > Cg, nothing
happens; the firm continues as before, and no costs or benefits are in-
curred. [f, however, the subsidy is sufficient to induce conpliance
the social cost of disposal falls. Panel (b) shows the effects for a
firminitially in ordinary nonconpliance. The lightly-shaded rectangle
shows the net benefit of safer disposal. By lowering the cost of dis-
posal , however, the subsidy also induces additional waste generation
causing a net |loss equal to the diagonally-striped area. As drawn, the
di sposal -ri sk benefits outweigh the |osses fromincreased waste genera-
tion, but there is no guarantee that the net result will be‘positive.2

Panel (c) of Figure 5-1 shows the effects for a firmthat swtches

from bl ack-market disposal to conpliance as a result of the subsidy.
The effects are the same as in the previous panel, except that the net
benefits related to safe disposal are |arger because the reduction in
unit social costs is greater. As a result, it is far nmore |ikely that
the net effect of the subsidy will be positive.

These changes in social costs are net figures, and give all costs
and benefits equal weight. As discussed in nore detail later in this
chapter, however, the governnent's budgetary cost is likely to be of

special interest, because funding that cost will require raising taxes

21f the subsidy were optimzed, so that the net cost of safe dis-
posal were just equal to Gy, there would not be any additional waste
generated. Tailoring the subsidy so precisely, however, would be a
near-inpossibility, especially for a subsidy that would apply to nany
different firms, each with its own cost structure. Thus, for nost
firms, any given subsidy will be either too large or too small, and only
by chance will it be exactly right.
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(which generally will have inefficiencies of their own), reducing ex-
penditures on other prograns, or increasing the deficit. The cross-
hatched area in Panel (d) shows the governnent's cost for firns that
participate in the subsidy program Note that the size of the subsidy
paynent does not depend on the firmis initial behavior, only on the fact
that it conplies in the end, and on the amount of waste that it safely

di sposes.

Wast e-M ni m zation Subsidies

The disposal subsidy increases waste generation because it in-
creases the cost of waste minimzation relative to disposal. |In the
process of reducing one wedge between relative private and social costs,
it increases another. One solution to this problemwould be to sub-
sidize waste mininization, so that its private price relative to safe
di sposal were closer to its relative social cost.

In theory, a firmis eligibility for a waste-nininization subsidy
m ght be independent of its disposal nethods. In practice, however,
waste mninzation subsidies are alnpst certain to require on-site
neasurenent and substantial interaction between the regulator and par-
ticipating generators. It seens highly inplausible that firms out of
conpliance with RCRA rules would be deemed eligible under such circum
stances. Thus, we assune that any programto subsidize waste mnim za-
tion would be restricted to firns in conpliance with disposal rules; for
firms out of conpliance, switching to conpliance would be a prerequisite
for participation

The appropriate nmarginal incentive for a firmin conpliance with

di sposal regulations is provided by setting the waste-nmninm zation sub-
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sidy, Yy, equal to the external benefit from preventing the generation
of a unit of waste; i.e., Yy = S* - Cgp, whi ch we define as E*.3 For a
firminitially in conpliance with disposal rules, it nakes sense to par-
ticipate in the waste-mnimzation subsidy program as long as the base
anount of waste is not too much |ower than the |level of waste generated
by the firmprior to the subsidy (wp). Panel (a) of Figure 5-2il-
lustrates the results. The subsidy raises the marginal opportunity cost
of generating waste by Yy, to S. Thus, the firmreduces waste per unit
of output to w*, resulting in a net social benefit equal to the shaded
triangle in Panel (a); this is the same quantity identified in Chapter 2
as the net benefit of forcing firms to internalize the external danage
remaining after conpliance with the optimal standard. If the subsidy is
paid for all reductions below wp, the shaded triangle also shows the net
gain to the firm (the subsidy paynent minus the net cost of reducing
wast es) .

The net social benefit fromthe waste-minimnzation subsidy is |ike-
ly to be substantially larger for a firminitially out of conpliance
than for a firmthat initially conplies -- provided, of course, that the
firm participates in the subsidy program However, initial nonconpliers
are less likely to participate because the value of the waste mnimza-
tion subsidy nust be bal anced against the cost of first coming into com

pliance with disposal regul ations.

3Note that E is equal to A, the expression for residual externa
damages used in Chapter 2. W use E because the risk per unit of waste
safely disposed (r*) and the value of life-saving (A) are not analyzed
separately in this discussion.
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Panel (b) illustrates the situation for a firminitially in or-
dinary nonconpliance. If it cones into conpliance, the net socia
benefit fromthe reduction in the riskiness of the disposal nethod is
shown by the lightly-shaded rectangle. Once the firmcomes into com
pliance with the disposal regulations, its unit disposal costs rise to
Cg and, like the firminitially in conpliance, its marginal opportunity
cost of waste generation rises to S Thus, it reduces waste generation
to w' per unit of output, yielding additional net social benefits shown
by the darkly- shaded triangle in Panel (b). Panel (c) shows the sane
effects for a firminitially in the black nmarket; the only difference is
that the reduction in social costs associated with disposal is greater

Now | et us exam ne why nonconpliers are less likely to participate.
Let Co be the initial cost of disposal. To becone eligible for the
waste minimzation subsidy, the firmmust first cone into conpliance,
with the disposal regulations, at a net cost per unit produced equal to
the sum of the areas of the cross-hatched rectangle and triangle in ei-
ther Panel (b) or (c). The rectangle represents the extra di sposa
costs for wastes still generated, while the triangle represents the ex-
tra cost of waste mininization for reducing unit wastes fromwgy to wp.
Once the firmincurs those costs, it beconmes eligible for the waste-

m ni m zation subsidy. If the base is set at wp, however, the value of
that subsidy will be no greater than it was to the initial conplier
shown in Panel (a). This amunt is unlikely to be |arge enough to off-
set the cost of coming into conpliance. If it is not sufficient, the
firmw Il not participate and no net benefits will be reaped.

Participation in waste-mnimzation subsidy prograns also may in-

crease the risk that previous msconduct will be discovered, exposing
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the firmto legal penalties and, probably nore inportant, to a greater
chance of liability for cleanup costs and other danmages. Sych discovery

is always possible, of course, but participation may sharply increase
its probability by requiring extensive governmental evaluation and over-
sight, both to deternmine eligibility and to calculate the |evel of sub-
sidy paynments to be awarded. This nmeans, of course, that even a very
| arge waste-mninization subsidy programtargeted to reach nonconpliers
may fail unless protection against punishnent can be assured. Wt hout
ammesty, such a program might have little effect on nonconpliance, in-
stead providing still larger transfers to firms that are already in com
pliance and thus do not need absol ution for past nisconduct.

In contrast, safe-disposal subsidies can be structured to pose nuch
l ess threat to nonconpliers. To administer such programs, the govern-
ment woul d not have to become closely involved with generators. |ndeed,
if safe disposal subsidies were adm nistered through permtted TSDFs
rather than at the generator |evel, the regulators would not even have
to know the identities of generators. As a practical matter, it is dif-
ficult to inmagine any regul atory agency forswearing the collection of
additional information, particularly if by doing so it could inprove the
efficacy of its enforcement program  Nevertheless, the nore docunenta-
tion that is required to receive the subsidy, the nore threatening the
programw || be to nonconpliers and the less likely it is that they will
participate, so the smaller will be any potential inprovenents in com
pliance. Thus, granting ammesty does not really harm conpliance, be-
cause failing to provide amesty does not make enforcement any easier.

To cope with these additional costs to the firm the payoff for

participation in waste-mnimzation subsidies could be increased in ei-
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ther of two ways. One would be to increase the waste-mininzation sub-
sidy rate. That, however, would distort incentives at the margin, en-
couraging too nuch waste mininization. Mreover, it probably would re-
quire a great deal of extra government expenditure. Some of the higher
paynments would go to pay for this excessive waste mnimzation, |eaving
a smaller net return to the firmto balance against the cost of coning
into conpliance with disposal regulations. As a result, the waste nini-
m zation subsidy would have to be quite large to attract nonconplying
firns.

The ot her approach is to increase the base anmount of waste from
which the subsidy is paid. In Figure 5-2, for exanple, if the base were
increased to wy, the total subsidy paynment to the firmwould increase to
the cross-hatched rectangle in Panel (d), and the net return to the firm
(exclusive of the cost of conplying with the disposal regulations) would
be the portion of that rectangle located to the right of the demand
curve. It is quite possible, of course, that even this amunt woul d be
insufficient for some firnms, in which case the base could be increased
by even nore. The political difficulties of doing this might be sub-
stantial, as it would appear that firns were being paid for waste reduc-

tions that they would have nmade anyway.

Sonbi Subsi di

Both types of subsidy prograns have obvious problens. The safe
di sposal subsidy causes nore waste to be generated, though it may offer
substantial net social benefits fromsafer disposal. O course, waste-

m nimzation subsidies deal with the problem of waste mininmzation, but
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they are unlikely to attract nonconpliers unless paynents are provided
to firns well above direct waste-nmininization costs, and thus are open
to charges of providing windfall profits to polluters.

Conbining the two types of subsidies can alleviate some of these
problems. As long as the waste-mnimzation subsidy is at |east as
| arge as the disposal subsidy, it will counteract the latter's distort-
ing effects on the amount of waste generated. |deally, the waste-
m nimzation subsidy also should reflect the external, residual danmages

associated with safe disposal. Thus, the subsidy should be:

(5-2) Yy = ¥p + (5¥ - Cp).

Wth this subsidy, the effective marginal cost to the firm of generating
a unit of waste is S*; each unit of waste costs Cp - Yp for disposal
plus the firmforgoes a waste-reduction subsidy of YM= Yp + (S* - Cr),
so the net cost is (CR - YD) + (YD + S* - C) = S*. As a result, the
firmengages in waste minimzation efforts to the point where its
margi nal cost is equal to S*; i.e., it reduces its waste generation per
unit of output to W',

For firnms that participate, the net effect of this combined subsidy
is the same as shown in Panel (a) of Figure 5-2 for a pure waste-
m nimzation subsidy. The key difference, however, is that firms are
far nore likely to participate because the subsidy paynents can be nade
quite high without setting a very high base fromwhich to neasure waste
reducti ons. Conversely, however, the cost to the governnent may be sub-
stantially higher, which, as discussed below, may entail sizable in-

efficiencies.
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Table 5-1 conpares the net benefits of disposal and waste nininiza-
tion subsidies in terns of the areas shown in Figures 5-1 and 5-2; a
guide to those areas is provided in the diagrambelow the table itself.
The first section shows the effects of a safe-disposal subsidy, while
the second one shows the effects of a waste-mninization subsidy, of-
fered either alone or in conjunction with a safe-disposal subsidy. In
both cases, the net benefits shown are for firms that cone into (or
remain in) conpliance with disposal regulations after receiving the sub-
sidy; no costs or benefits apply to firnms that remain out of conpliance
as they do not take part in either subsidy plan.

Tabl e 5-1 suggests that the waste-mnimzation subsidy is always
preferable to the disposal subsidy; for each class of firnms, it yields
the sane benefits in terns of disposal-risk reductions, and it yields
hi gher waste-m nim zation benefits. This conclusion may be ni sl eading,
however, because Table 5-1 does not address the question of the relative
nunbers of firns that fall into various categories. Unless a waste-

m ni mzation subsidy calculates paynents froma very |arge base |evel of
waste, as shown earlier, it may not induce many firms to switch from
nonconpl i ance (ordinary or black market) to conpliance. Thus, although
a waste-mnimzation subsidy may yield higher net benefits for firns
that switch, say, from ordinary nonconpliance to conpliance, it may in-
duce fewer such changes in behavior than a disposal subsidy. Conbining
the two types of subsidies seens likely to work better than either in-

st runent al one.
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Table 5-1. Conparison of Net Benefits of Aternative Subsidies

Wast e Di sposal
. . M ni m zat i on Ri sk
Initial Disposal Method Net Benefits Net Benefits

SAFE- DI SPOSAL SUBSI DY

Conpl i ance -j-k-n-o0 0
Ordinary Nonconpliance -k-0 +a+b+c+d+e+f
Bl ack Mar ket -k-0 +a+b+c+d+e+f

WASTE-M NI M ZATI ON  SUBSI DY

Conpl i ance + 0
Ordinary Nonconpliance + +j +n +d+e+f
Bl ack Mar ket +i +j +n +at+b+c+d+e+f
Sg
E
oy
g %R
CO
CR—YD .

w

¥R “o¥s
Waste per Unit of Output

Guide to Table 5-1

Notes:; Net benefits measured in terns of areas defined in Figures 5-1
and 5-2. Net benefits are for firnms that come into conpliance as
a result of a subsidy; net benefits are unchanged for firnms that
remain in either type of nonconpliance. |In cases where the at-
tribution of net benefits is unclear, they have been classified as
resulting fromreductions in disposal risk.
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Probl ens_Associated with Subsidies

Qur analysis thus far generally has been favorable to the use of
subsidies in connection with hazardous wastes. Qur sinple analytic
framework, however, has ignored several inportant problens. In particu-
|ar, we have not taken account of the broader allocative inefficiencies
of subsidies, nor have we addressed the problens likely to arise in
designi ng practicabl e nmeasures on which to base subsidy paynments, espe-

cially for waste-mninization subsidies.

Generic Allocative Inefficiencies of Subsidies

Many early students of the use of econonmic incentives for environ-
nmental protection believed that subsidies and charges would yield equi-
valent results; at the margin, a subsidy for enission (or waste) reduc-
tion yields the same incentive for control that a tax on em ssions (or
wast e) woul d. I ndeed, under some circunstances, a subsidy can be
thought of as a tax coupled with a |unp-sum subsidy. Mre recent
anal yses, however, have shown that subsidies for reducing externalities
suffer at least two serious drawbacks. First, they are likely to |ower
final-product prices, thus increasing production of those goods above
socially efficient |evels. Second, because of the inefficiencies asso-
ciated with taxation to finance subsidies, suns that nay appear to be

simple transfers actually entail some deadwei ght | osses.

| npacts on _product prices. Al of our analysis has focussed on the

social costs and benefits per unit of output; we have assuned, inplicit-
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Iy, that the quantity produced of the final product is independent of
the method used to regul ate wast es. In fact, however, different nethods
of regulation will have different effects on production costs, and thus
on product prices and quantities. Taxes or charges generally wll raise
production costs and prices, while subsidies, whether directed at dis-
posal or waste minimzation, wll |ower production costs and prices,

thus increasing the quantity consuned.

To the extent that waste-related subsidies drive the prices of
wast e-i ntensive final goods below their social costs, such increases in
quantity will be undesirable (N chols 1984). The size of the welfare
loss will depend on the share of total cost attributable to hazardous
wast e di sposal and the own-price elasticities of demand in final goods
mar ket s.

Tabl e 5-2 shows that typical output effects of a subsidy would be
quite snmall. In 1984, solid and hazardous waste disposal conprised only
one-tenth of one percent of the total value of shipments for U S
manuf acturers. Unsurprisingly, disposal costs were the |argest for the
chem cal industry, but even there waste disposal costs were |ess than 2%
times the average for all manufacturing, and still a very small fraction
of total costs. Since even very large subsidies for conpliance will not
significantly reduce total costs, final goods prices would probably

decline by an inperceptible anmount.

5-15



Chapter 5

Table 5-2. Goss Annual Costs for Solid and Hazardous Waste Disposal as
a Percentage of the Value of Mnufacturing Shipments, 1984

SIC Manuf act uring Sect or Percent of Value of Shipnents
28xx Chemi cal s 0. 255
33xx Primary Metals 0. 237
26XX Paper 0. 217
32XX Stone, Cay & d ass 0.174
38xx [ nstruments 0. 159
37xX Transportation Equi pnent 0. 159
20xx Food 0.140
34xX Fabricated Metals 0.120
- NA- Average for Al Mnufacturing 0. 106
30xx Rubber & M sc. Plastics 0.103
24xX Lumber & Wbod Products 0. 086
36xX El ectrical & El ectronic Equi pment 0.084
29xX Pet rol eum & Coal 0.072
35xx Nonel ectrical Machinery 0.071
39xx Al Gher Mnufacturing 0.051

Source: CRS (1987: Figure 12)

O course, this does not nean that output effects are negligible
everywhere. Certain service industries, for exanple, nmay be character-
ized by both highly elastic demand and |arge fractions of total cost at-
tributable to hazardous waste disposal. Nevertheless, the potential for

worrisome output effects seens likely to be localized.*

| npacts on markets for other factors of production. In the isola-

ted situations in which hazardous waste di sposal does indeed conprise a

“The dry cleaning industry may be a good exanple where output ef-
fects are worth exanmining carefully. Demand is generally believed to be
elastic (higher prices lead to |less-frequent cleaning and nore reliance
on washable fabrics) and the cost of properly disposing of dry cleaning
sol vents (nmost commonly perchlorethylene) may be a |arge fraction of to-
tal costs. Note that the dry cleaning industry was strongly opposed to
the elinmnation of the SQG exenption in the 1984 RCRA Amendnents. See
SQG Hearings (1983).
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relatively large percentage of total production cost, subsidies for safe
di sposal or waste minimzation nay have inportant side effects in
markets for other factors of production. A subsidy will cause a sig-
ni ficant change in demand for other factors that are either strong sub-
stitutes or conplements. |If safe disposal is subsidized and this "other
factor" is some collection of inputs that together describes a form of
waste minimzation, then the substitution induced by the subsidy would
be wundesirable; it would result in nore rather than | ess hazardous waste
generation. If instead the "other factor" is illicit disposal, then the
resulting substitution effect is highly beneficial. The subsidy
achi eves precisely the kind of change in the input mix that regulators
desire

These rel ationships can be conpactly summarized in the formof an
elasticity neasure. Let ey , represent the cross-price elasticity of
demand for sonme other input X given a change in the cost of hazardous
waste disposal, w.  The nagnitude of ey . depends on the values of three
paraneters: (1) the proportion of total costs attributable to hazardous
waste disposal, Kg; (2) the elasticity of substitution between hazardous
waste and the alternative input, X, and (3) the own-price elasticity of

demand for the good produced by the firm €Q P:S

(5-3) ex,w = Ky [ ox,w * €Q,p ] ’

SFor a proof of this relationship, see Allen (1938: 505-508). In
the usual two-input case, eg . nust be positive because X and w have to
be substitutes. In a multiple-input world, however, there are both sub-
stitutes and conplenents. A negative value for €X,w i ndi cates a conpl e-
ment .
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Unl ess the share of total cost attributable to hazardous waste disposa
(K,) is relatively large, the values of the other paraneters typically
will not matter; subsidizing hazardous waste disposal, for exanple, wll
have little effect on firms' demands for other inputs -- including, by
the way, the collection of inputs that together conprises waste mni-
mzation. As we indicated previously, across broad industrial classifi-
cations K, is in fact quite | ow

In those isolated areas in which K, is relatively large, the effect
of a subsidy on the demand for other inputs will therefore depend pri-
marily on the relevant elasticity of substitution. For firns already in
conpliance with disposal regulations, the substitution elasticity that
matters is between safe disposal and waste mininmization. A |ow elas-
ticity inplies that a safe-disposal subsidy would have little deleter-
ious effect on waste mininmization. However, high values would argue
agai nst subsidizing safe disposal; firms that can easily reduce the
anmount of waste they generate nmay respond to a safe-disposal subsidy
perversely, by generating nore waste. \WAste-nininization subsidies
woul d be preferred under these circunmstances, provided, of course, that
they coul d be appropriately defined and targeted.6

The inplications of the analysis are reversed for firms initially
out of conpliance with disposal regulations. A high elasticity of sub-
stitution between safe- and unsafe-di sposal suggests that a subsidy on

safe disposal could elicit significant inmprovenents in disposal behav-

SWe di scuss definitional problems later in this chapter
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ior. Conversely, a low value inplies that even large subsidies would

have little effect.

Efficiency effects of financing subsidies. In keeping with nost of

the literature on economc incentives for environnental protection, we
have treated subsidy paynents as sinple transfers that do not have ef-
ficiency inplications, except insofar as they change the behavior of the
firms towards which they are directed. Thus, to the extent that subsidy
paynents exceed the cost of reducing disposal risks or reducing waste
generation, the cost to the government will be offset by a benefit to
firms, with no change in social net benefits.

The problem of course, is that the taxes used to finance subsidy
paynents are likely to have distorting effects in other nmarkets. As is
wel | -established in the public finance literature, raising $1 in
revenues generally has a social cost will in excess of $1. Terkla
(1979), based on work by Browning (1976) and Fel dstein (1978), has
estimated that at the margin, taxes on |abor inpose a cost of about
$1.35 for each dollar of revenue raised and that taxes on capital are
even nore costly, inposing a burden of about $1.60 per $1 raised. In
his extensive study of incone tax reform Bradford (1986) reports
estimates of other researchers ranging from$1.17 to $1.65 per $1
raised. Such excess burdens may well be sufficient to offset the net
benefits of subsidies shown earlier in this chapter, particularly if
many firms already are in conpliance; for those firms, the subsidy pay-
ments will tend to be very large relative to any waste-rel ated net bene-

fits derived.
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This applies with equal force to both safe-disposal and waste-
mnimzation subsidies. It argues that subsidies are unlikely to be
desirable unless the waste-rel ated net benefits are substantial and it
is very difficult to achieve them by other neans. Exanples of such
cases are likely to involve a large nunber of firnms out of conpliance
with disposal regulations, using disposal methods that have nuch higher
social costs than those associated with RCRA-approved nethods.

Tax distortions also may argue for attenpting to nodify subsidy
schenmes to mnimze paynments to firms already in conpliance. Paynents,
for exanple, might be limted to firns that could show that they were
out of conpliance with disposal regulations before the subsidy or that
they had reduced wastes below | evels that were otherw se econonmical for
them  Such an approach nmight resenble efforts now made in connection
with emissions trading or averaging prograns to avoid the awarding of
" paper credits."’ These modifications pose problens of their own, how
ever.

One of the strongest objections is a practical, administrative one;
it would be extraordinarily difficult to determi ne which actions result-
ed fromthe subsidy and which would have occurred anyway. Moreover, if
the regul atory agency were successful in doing so, it would be placed in
the politically unconfortable position of paying noney to "bad actors"
whil e denying funds to firms that had come into conpliance prior to the
subsidy program The long-termincentive effects of such differentia-

tion also would be undesirable; it would be in a firms self-interest to

"Emission-reduction credits are, essentially, quantity-based sub-
sidies. In exchange for reducing enissions bel ow sone |evel (typically
defined by standards), firms receive credits that they can sell
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del ay conpliance and to devote resources to efforts to show that it
woul d not have conplied in the absence of a subsidy. Mbreover, differ-
ential awarding of the subsidy could create inefficiencies by artifi-
cially altering conpetitive positions.

Despite these problens, it may nake sense to design subsidies in
some cases to reduce payments to firns already in conpliance. Prine
candi dates would include waste streams that come from several different,
easily distinguishable industry groups with very different conpliance
rates. In such cases, subsidies could be limted relatively easily to
those segments with low initial conpliance rates. Differentiation also
woul d be nore desirable if the different industry groups were not conpe-
ting in the sane final-product markets, so that differential subsidies

woul d not create | osses there.

The Problem of Defining What Qualifies for Waste-M ninization Subsidies

In our analytic framework in the first part of this chapter, we as-
sumed that "safe disposal” and "waste mnimzation" are concepts that
can be defined clearly enough in operational terns to make direct sub-
sidy programs possible. For "safe disposal,"” this assunption seens rea-
sonabl e; presumably the subsidy would apply to disposal at facilities in
conformance with RCRA rules. 8 For waste nininization, however, the
probl em of definition is much nore severe, and is likely to make it im

possible to subsidize waste-minimzation directly, forcing the regul ator

81n theory, of course, it would be nore desirable to have the dis-
posal subsidy vary with the riskiness of the disposal method, rather
than being a sinple on-off determ nation. The nore sophisticated ap-
proach, however, seems inpracticable both politically and admi nistra-
tively.
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instead to rely upon proxy neasures. The use of such proxy neasures,
however, creates other serious problens.

As we discussed in Chapter 1, definitions of waste mnimzation
range fromthe very broad (e.g., EPA's) to the exceedingly narrow (e.g.
OTA's), with plenty of roomfor disagreement and confusion in between
Unfortunately, the |anguage used by Congress in the 1984 RCRA Anendments
does not hel p resolve these disputes, inasmuch as all parties claimthat
their definition nmost accurately reflects Congressional intent. 10

These definitional disputes highlight just how difficult it would
be to devise appropriate units for neasuring waste mnimzation and cal -
culating subsidy payments. The information regulators would require is
far beyond what they can effectively manage or responsibly conprehend.
Thus, the sane factors that inhibit the use of standards to directly
regul ate waste minimzation also frustrate the devel opnent and i npl enmen-
tation of direct incentives for waste mnimzation. The |arger the sub-
sidy beconmes, the nore it will look like an entitlenent program for
whi ch exceptions, variances, special allowances, and judicial appeals
nmust be allowed to preserve horizontal equity and substantive due pro-
cess.

Moreover, a narrowmy targeted waste mnimzation subsidy program
nmust be adm nistered at the firmor plant level, which inplies very high
adm ni strative costs even in the absence of conplicated neasurenent

problems. There could be literally hundreds of thousands of subsidy ap-

9The definitions provided by EPA and OTA should not be construed as
pol ar cases; broader and narrower definitions are certainly plausible

loCongress defined 39 terms in RCRA Section 1004. \Waste minim za-
tion, however, was not one of them
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plicants, each requiring extensive exam nation and oversight. A program
| arge enough to sinply attract nost conplying firms would have to enpl oy
a legion of regulatory officials, each properly trained in the in-
tricacies of a wide range of industrial technologies as well as the
details of the programitself. Since nonconpliers will renmin outside
of the program unl ess subsidy paynents are |arge enough to overcone

their added conpliance costs, a program capable of reaching nost of them
will have to be nuch larger in scope and cost -- larger, perhaps, by or-

ders of nagnitude.

: ] o : .
Most of the waste-minimzation subsidies proposed or inplenmented
thus far are targeted on either capital or information. In part these
foci reflect the difficulties of direct targeting. In addition, how
ever, they appear to reflect beliefs about specific market failures in

these areas.

Capital subsidies Subsi di es provi ded by government often are

directed at capital. Such subsidies may take the form of |owinterest

| oans often financed through the issuance of tax-exenpt bonds, direct
subsidies for capital expenditures, |oan guarantees, or special depreci-
ation rules for certain types of capital. Their appeal is due in no
smal|l part to the fact that it is often relatively easy to structure

capital subsidies in ways that conceal or reduce their apparent costs.11

Ilror a lucid discussion of government involvenent in credit
markets and its inplications for public accountability, see Leonard
(1986) .
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It also, however, appears to reflect a widespread view that that govern-
ment intervention is intrinsically legitimte and largely effective when
it is targeted on decisions involving capital (Leone 1986: 72).

Subsidies that are linmted to capital or to any other class of in-
puts suffer fromthe problemthat they distort production decisions.
This problemis well known and has been widely discussed in connection
with other types of subsidy prograns. In the case of public transit
for exanple, subsidies for capital but not operating expenses have en-
couraged excessive reliance on fixed rail systenms as opposed to |ess
capital -intensive nodes, such as buses. In the case of sewage-treatnent
plants, subsidies targeted on capital are alleged to have led to the
construction of overly expensive plants, with inadequate provision for
operation. As a result, very costly plants operate at relatively |ow
l evel s of efficiency because of poor nmintenance (Schultze 1977: 57).

For firms that heretofore have not devoted much attention to waste
mnimzation, the nost cost-effective approaches are unlikely to require
large capital expenditures. Only after firms have taken a variety of
"housekeepi ng" and other steps are capital-intensive technol ogy changes
likely to be appropriate (National Research Council 1985). If this
characterization is correct, then capital subsidies either will have
little inpact on the firns that we nbst want to reach -- those outside
the regulatory systemthat engage in unsafe disposal and that have
little incentive to mnimze wastes -- or they will encourage firms to
choose cost-ineffective methods of waste nininzation

Such problems are likely to be exacerbated by the fact that

capital -related waste mnimzation subsidies probably would have to be
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limted not just to "capital,” but to specific forns of capital because
of problens in determning eligibility. The narrower the subsidy, the
more inefficient it will tend to be.

Suppose, for exanple, that a firmcan reduce waste generation in
one of two ways, both of which require sizable capital expenditures.
Met hod A involves redesigning the entire production process, including
t he purchase of new equi prent that generates |ess waste and | owers pro-
duction costs. Unfortunately, however, it is inpossible to identify
what portion of the cost of the new equipnent relates to waste nininmza-
tion.

Method B, in contrast, involves the purchase of single-purpose
equi pnent for in-process recycling of materials, thus reducing waste
generation. Unlike nethod A there is no problem of allocating joint
costs. In such an instance, the subsidy probably would have to apply
only to Method B, thus providing an inappropriate incentive to choose it
over Method A.  Such a result would seem particularly ironic in light of
t he enphasis that waste-mnimzation advocates tend to give to finding
integrated, "holistic" solutions, rather than focusing on narrow "end-

of - pi pe" technol ogi es. 12

Information subsidies. Providing information on waste mnimzation

at little or no cost to firms has wide appeal. The traditional econonic

12The obvi ous sol ution may appear to be to offer the subsidy for A
as well as B. That creates at |east two additional problens, however.
First, the total size of the subsidy program grows, requiring nore
revenues and thus creating nore tax distortions. Second, it biases the
choice in favor of processes in which it is inpossible to disentangle
wast e-mnim zation-rel ated costs from other types of cost, so as to in-
crease the expenditures that get subsidized.
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rationale for infornation provision is that it often is a public good
and, as such, will not be provided at efficient levels in the narket.
This rationale is strongest for supporting general research on waste
mnimzation, particularly if such research is unlikely to result in
patents that will allow private firnms to capture its rewards. It also
provi des some foundation for dissemnating general information to firns
or trade associations. The public goods rationale, however, provides
little or no rationale for public provision of firmspecific technica
assi st ance.

Although it is hard to argue that firmspecific information is a
public good, it may be justified as a proxy for subsidizing waste mni-
mzation nore directly. Rel ative to capital subsidies, it has the ad-
vantage of less distortion in the choice of approaches to waste mni-

m zati on. It has the disadvantage, however, of failing to provide a
very large subsidy, and thus may have little, inpact. In addition, be-
cause firmspecific technical assistance inevitably involves the identi-
fication of individual generators and often will include on-site visits,
it may be relatively unsuccessful in attracting firnms that have been out
of conpliance with regulations, which nay fear that participation wll

expose themto possible prosecution and liability for past behavior

Summary and Concl usi ons

In a world of inperfect conpliance and costly or otherwise linited
enforcement, subsidies may offer useful ways of encouraging firms to
handl e wastes nore safely. Subsidies for RCRA-approved disposal methods

offer a relatively sinple and direct way of promoting safer disposal of
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hazardous wastes. Their primary drawback is that they discourage waste
m ni m zati on.

Wast e-mini m zation subsidies can rectify the problem of in-
appropriate marginal incentives for waste ninimzation and, if struc-
tured appropriately, also can encourage firms to engage in safer dis-
posal. Definitional and administrative problems, however, render direct
subsidies for waste mninization inpracticable, and the nost conmon
proxy -- capital expenditures on waste mnimzation -- is likely to pro-
mote inefficient forns of waste minimzation and is unlikely to secure
much participation fromfirnms now out of conpliance with RCRA rules.
Information subsidies are likely to have fewer drawbacks, but also are
unlikely to have a major inpact.

Both types of subsidies also suffer fromthe generic problens of
distorting final-product prices (and thus encouragi ng excess production
of waste-intensive goods) and of requiring the raising of revenues to
finance them Aside fromthe obvious problens of new expenditures dur-
ing a tine of heightened concern about budget deficits, the taxes needed
to finance subsidies will create deadwei ght |osses of their own, |osses
that easily can outweigh the net benefits they produce from safer dis-

posal or reduced waste generation.
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Chapter 6:

COMBI NI NG TAXES AND SUBSI DI ES | NTO A COORDI NATED REGULATORY | NSTRUMENT

In this chapter we show how taxes and subsidies can be conbi ned
into a unified systemthat may inprove incentives at both the waste gen-
eration and di sposal stages. A special formof this conbination -- the

deposit-refund system-- is less flexible in certain respects, but en-
joys enough popularity in other contexts to make it a promsing strategy
worthy of additional research. In Chapter 7 we analyze how such a sys-
temmght performif applied to the problem of used lubricating oil, an

i ssue of current regulatory interest to the EPA

| nput _Taxes as Proxies for Waste M nim zation Subsidies

We showed in Chapter 2 that if conpliance could be ensured, then
the optimal level of waste minimization and disposal risk could be ob-
tai ned through a waste-end tax. Such a tax would raise the cost of RCRA
di sposal, however, and might well drive some firnms into illegality. The
probl em was that some generators possess the ability to evade the tax,
with perverse consequences for net risk reduction

In many cases, regulators may find it nuch easier to tax certain
chem cal feedstocks and other materials that are inputs to hazardous
wast e- generating production processes. The nunber of sellers may be
relatively small, and in addition they may be subject to regulatory
oversight for other reasons. By levying taxes at the point of produc-
tion, firns that generate hazardous wastes will be severely linmted in

their capacity to evade the incentive.
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For input taxes to function as perfect proxies for taxes on waste

generation, the input used as the target for the tax nust be rel ated by

fixed-proportions production technology to the hazardous waste stream.l

Strictly speaking, this condition is rarely, if ever, nmet in practice.
Even so, it is easy to find cases that closely approximate it. For ex-
ampl e, solvent wastes derive only fromvirgin or recycled materials of
the sane type. As a firmreduces the amount of solvent it uses, its
| evel of waste generation declines by a proportionate amount.  Sjnij-
larly, used lubricating oil can only be derived fromits uncontaninated
precursor, whether virgin, re-refined, or synthetic. The amount of | ub-
ricating oil generated as waste is proportional to how much new oil is
instal | ed. 2

Suppose that regulators levy a tax on input X at the rate t. If «a
units of waste are generated per unit of input used and that relation-
ship is fixed, then such an input tax is equivalent to a tax on waste

generation equal to:

(6-1) T = at

lhe production technol ogy need not exhibit fixed-proportions wth
respect to all inputs, nor nust there be fixed-proportions between in-
puts and output. Fixed-proportions need only characterize the rela-
tionshi p between hazardous waste generation and whatever input or output
measure is used as the proxy.

2This proportion varies greatly depending on the application.
Apart from expensive engine overhauls or nore fundanmental changes in in-
ternal conbustion technol ogy, however, the only way to reduce the gener-
ation of used autonmotive nmotor oil without reducing the consunption of
new oil is to performoil changes less frequently -- a strategy that may
i pose substantial costs in the form of premature engine wear.
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In general, for sinplicity we will discuss such a tax in terms of its
effective rate on waste, T.

Panel (a) of Figure 6-1 shows how the tax affects a conplier having
hazardous waste disposal costs equal to Cp per unit of waste (per unit
of output). The tax raises the firms opportunity cost of continued
waste generation to Gy + T, an anmount that precisely equals the full so-
cial costs of waste generation conbined with safe disposal, s*. This
notivates the firmto reduce wastes fromwg to w* at a net cost equal to
the area of the darkly-shaded triangle. The firmpays an inplicit tax
on waste generation of Twp per unit of output -- the area of the
lightly-shaded rectangle. The net external benefit consists of the
value inplicit in this reduction in hazardous waste generation, the area
of the cross-hatched triangle |ocated above the demand curve. As |ong
as the fixed-proportions relationship between hazardous waste generation
and the taxed input persists (and the proportion itself is constant),
the input tax will create the same incentive to reduce waste generation
as a waste-end tax. Unlike the waste-end tax, however, the input tax
cannot be evaded by w thdrawi ng fromthe regul ated hazardous waste dis-
posal system

The effect is simlar among nonconpliers, as Panel (b) illustrates.
A nonconplier cannot circunvent the tax, Wwhich raises the firns op-
portunity cost of waste generation to Cy + T. This induces a reduction
in waste generation fromwgy to wp. Net additional expenditures for
waste nininization equal the darkly-shaded triangle. The nonconplier
al so pays inplicit taxes equal to Twp on the renaining hazardous waste

generated -- the area of the lightly-shaded rectangle. Al other
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things being equal, the nonconplier has a higher tax burden per unit of
output because it generates nore waste. This conports with the notion

t hat nonconpliers should pay nore because of the greater damages they

i npose on the environment. ldeally, the tax per unit of waste would

al so be higher inasnuch as the nonconplier creates higher residual risks
even for the same amobunt of waste generated. Unfortunately, a sinple

i nput tax cannot acconplish this goal.3

Waste generation by the nonconplier creates nore residual risk and
hi gher social costs -- Sy if the firmengages in what we have called
"ordinary nonconpliance,” and Sg if it participates in the black narket.
Thus, the input tax captures a net benefit that is larger than what was
obtained fromthe conplying firm This gain equals the narrow cross-
hat ched area above the demand curve if the firm practices ordinary non-
conpliance, or both cross-hatched areas conbined if it operates in the
bl ack market.

In addition, the input tax will increase the price of final goods,
the magnitude of that effect depending on the taxed input's share of to-
tal production cost and demand elasticities in final goods markets. Un-
i ke both safe-disposal and waste-mnim zation subsidies, however, the
input tax raises rather than lowers final goods prices -- a result that

is consistent with efficient incentives in these nmarkets as well.

31n Figure 6-1, both the absolute reduction in waste generation and
net expenditures on waste minimzation appear to be identical for com
pliers and nonconpliers. This is an artifact of the linear demand
curve. Suppose instead that the curve were convex. Then the absolute
reduction in waste generation would be greater for the nonconplier
(i.e.) wg- wp >wp - w).
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Conbi ni ng Tax _and Subsidy |nstrunents

Unfortunately, input (or output) taxes used as proxies for waste
generation cannot alter disposal incentives. Firns that initially
engage in some form of nonconpliance will continue to do so after the
tax is levied. The tax cannot induce a firmto switch to conpliance be-
cause such a change in behavior would not reduce the firms tax burden
Conpared to a conventional waste-end tax, however, this inability to
alter disposal incentives should be viewed as a benefit: the input tax
cannot cause a firmto backslide into the black market, because doing so
woul d not reduce the firm's tax burden.

As we showed in Chapter 5, safe-disposal subsidies can enhance the
rate of conpliance with disposal regulations. They nmake it relatively
| ess expensive to use disposal methods that result in significantly
reduced external residual damages. Unfortunately, they also encourage
nore waste generation.

One possible renmedy for this conundrumis to conbine the input tax
with the safe-disposal subsidy. The tax levied up front would create an
incentive for waste mnimzation, while the safe-disposal subsidy woul d
lower the cost of conplying with disposal regulations. How |arge nust
be the tax and subsidy to cause a representative nonconplier to swtch
to an approved waste disposal nethod while sinultaneously achieving ef-
ficient incentives for waste minimzation?

Consider first a small tax-subsidy programin which Ty represents
the input tax and Y, denotes the safe disposal subsidy. To achieve ef-

ficient incentives for waste mninization, the difference between the
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tax and subsidy should equal the level of residual external damage
resulting from safe disposal. That is, when the two instrunents are ap-
plied simultaneously to a firminitially in conpliance with disposa
regul ations, the net effect should be to increase the opportunity cost

of waste generation fromCp to S. Thus, efficiency requires that:

(6-2) T1-%H =8 -CG=E",

or

(6-3) Cg +T] - ¥y = Cp + E* = 5%,

Thus, for firms that conply, any values for T; and Y; are acceptable so
long as Equation 6-2 remains satisfied.

This result can be seen in Panel (a) of Figure 6-2. The input tax
raises the conplying firms apparent cost of waste generation to Gp +
Ty. However, the safe-disposal subsidy |owers the cost of approved dis-
posal to Cqp - Yy. The net effect of these countervailing instruments is
to raise the opportunity cost of waste generation and safe disposal to
Cg + Ty - Y = s*. The firmresponds by reducing waste fromwg to W,
Net private costs and external benefits are precisely the same as those
illustrated in Panel (a) of Figure 6-1; to the initial conplier, the
t ax- subsi dy conbination is functionally identical to a sinple input tax.

I nput tax payments equal le*, the area of the transparent rectangle
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surrounded by the thick solid line. Safe disposal subsidy receipts
equal Ylw*, the area of the transparent rectangle surrounded by the
thick dashed line. The difference between tax payments and subsidy
receipts is equivalent to a tax on waste generation equal to the val ue
of residual external danmage resulting from safe disposal
How wi || the nonconplier respond? This depends only on whether the

safe disposal subsidy reduces the cost of approved disposal below the
firms cost of continued nonconpliance. Thus, the firmwll switch to

conpliance only if:

(6-4) Cp - Y1 < Cg -

Panel (b) in Figure 6-2 illustrates the case in which Equation 6-4

is not satisfied. If the firmwere to switch to conpliance; then the
net cost of safe disposal would equal Cg - ¥;. [In the diagram however,
this anount is still greater than Co> the firms cost of continued non-

conpl i ance. Despite the subsidy, switching to conpliance is not attrac-
tive.
However, the firmwll still have to pay the input tax, which is

| arge enough to induce a sizable reduction in hazardous waste. The tax

i ncreases the nonconplier’s opportunity cost of waste generation from G,
to Cg + T;. This induces a reduction in waste generation fromwg to wy.
Expenditures for additional waste minimzation are substantial, equal to
the area of the darkly-shaded triangle. In addition, the social gains
fromthis reduction in waste generation nay be substantial. The net ex-

ternal benefit equals the area of one or both of the cross-hatched
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regi ons above the demand curve, depending on the characteristics of the
firms initial nonconpliance behavior. Thus, even if the tax-subsidy is
too weak to cause a firmto switch to conpliance, it may still yield a
consi derabl e net benefit because of the incentive it provides non-
conpliers to reduce waste. 4
Cearly, the larger the tax and subsidy rates the greater is the
l'ikelihood that the conbined instrument will induce nonconpliers to
switch. Consider, for exanple, the tax rate T, and the subsidy Y,,
where To = Ty + k and ¥, = ¥, + Kk, k denoting a constant. Ef ficient

waste mnimzation incentives are preserved because the difference be-

tween the tax and subsidy rates is unchanged:

T2-Y2-(Tl+k)'(Y]_+k) ’
=T -Y,
-s*-cp,
*
(6-5) Ty - ¥p =E

The opportunity cost of waste generation net of both the tax and the

subsidy remains equal to the full social cost of safe disposal

“The input tax depicted in Figure 6-2 is not |arge enough to reduce
the representative nonconplier's level of waste generation to the op-
timal anount, which is either w§ or zero depending on whether the firm
engages in ordinary nonconpliance or black narket disposal
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- CR + Tl - Yl R
*

(6-6) CR+Tp - Yy =8,

These are the sane conditions that were derived in Equations 6-2 and 6-
3.

Figure 6-3 illustrates the effects of this larger tax-subsidy in-
strunent. The conplier's case is presented in Panel (a). The tax in-
creases the apparent cost of waste generation to Cgp + To. However, this
increase is matched by an identical rise in the anount of the safe dis-
posal subsidy, which reduces the net cost of approved disposal to Cgp -
Y,. The absolute anount of input taxes paid is equivalent to the area
of the transparent rectangle surrounded by the thick solid line. It is
larger than in the earlier case, but the full anpunt of this increase is
also reflected in a larger safe disposal subsidy, the area of the trans-
parent rectangle surrounded by the thick dashed |ine. Thus, providing
that it has been designed so as to maintain efficient incentives for
waste minimzation, the larger tax-subsidy program has no additional ef-
fect on a conpliant firm In theory, it would be indifferent between

the two incentive instrumants.5

SThe larger the tax and subsidy rates, the nore inportant it wll
be to achieve accurate targeting and nmeasurenment. Unit transactions
costs may al so becone larger. W discuss these issues nore extensively
in the context of the case study in Chapter 7.
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In Panel (b) of Figure 6-3 we depict the case where the larger tax-
subsidy instrunent is in fact sufficient to cause the nonconplier to
switch. The larger subsidy makes the net cost of safe disposal Cp - Y¥,.
Since this amount is |less than the cost of continued nonconpliance, Co»
the firmwll shift to an approved waste disposal nethod so as to claim
the subsidy. The opportunity cost of waste generation and safe di sposa
becomes Cyp + Ty - Yy = S*, an amount that is |ess than Co+ Tp -- t he
opportunity cost if the firm persists in nonconpliance. The firm
reduces waste generation to w*, the sane anount of waste (per unit of
output) that conpliers generate and an anount that is |ess than what it
woul d be induced to generate by the small tax-subsidy program The firm
increases its net expenditures on waste nininization by a |arger anount,
and spends for safe disposal a large fraction of what it otherw se would
have had to pay in inplicit taxes.

As expected, the large tax-subsidy programoffers a greater net ex-
ternal benefit. If the firminitially engaged in ordinary non-
conpliance, the instrunent captures all of the narrow cross-hatched area
i n Panel (b).6 Both cross-hatched areas are captured if the firmini-
tially participated in the black market. Once a firm has been induced
to switch into the regul ated waste managenent system further increases
in tax and subsidy rates have no further effect. Beyond the firnis
switch point it beconmes a conplier, and as such it will be indifferent

to increases in the level of tax and subsidy rates. Any such increases

6The rectangul ar portion of this area that is located to the |eft
of w* is the social gain fromshifting w* units of waste into safe dis-
posal. O the remainder, part is due to waste minimization and part can
be attributed to either waste nmininmization or safe disposal
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do nean larger tax payments and subsidy receipts, but no net increase in
costs. However, raising tax and subsidy rates intensifies the pressure

on recal citrant nonconpliers to change their ways.

Strictly speaking, for conpliance with disposal regulations to be
assured, the optinal incentive consists of a sinple tax on waste dis-
posal based on residual external damage. Because this approach is in-
feasible, we search for the conbination of input tax and safe di sposa
subsidy that obtains the greatest inprovenent in social welfare possible
under the circunstances. Thus, the tax-subsidy device is a "second-
best" remedy. Al the usual caveats concerning optimization in the ab-
sence of a conpetitive equilibriumapply. Wat we shall term "optinmal"
shoul d be construed in this more limted context. '

If conmpliance with disposal regulations were always socially
desirable, there would be no limt to the magnitude of the tax-subsidy
instrument. Full conpliance could require regulators to drive the cost
of safe disposal to zero, or even below for wastes that can be profitab-
ly (albeit illegally) recycled. Mre likely, however, the marginal so-
cial benefit of eliciting a switch to conpliance will, at some point,
fall below the marginal social cost of making that switch. The identity
of the optimal tax-subsidy conbination will depend on the magnitude of

the residual external damage from inproper disposal

71f the necessary conditions for optimality are violated anywhere,
t hen endeavoring to satisfy themin one sector of the econony (e.g., the
mar ket for safe hazardous waste disposal) does not ensure a net increase
in social welfare; broader intervention in otherw se efficient narkets
may be warranted. See Lipsey and Lancaster (1956).
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For sinplicity, assume that there are but two firns, one conplier
and one nonconplier. Denote the external residual damage from non-
conpliant disposal as Eg, where Eg equals the difference between the
full social cost and the firmis private cost of nonconpliant disposal

Now, the marginal external benefit of shifting a unit of waste into
conpl i ance equals the realized reduction in residual external damages,

or Eg - E. Thus, the optimal (second-best) subsidy, Y, equals:
(6-7) Y* - By - EX .

The nagnitude of the optimal subsidy is therefore equal to the sum of

the absolute value differences in social and private costs :

* *
Y =Ey - E
- (Sg - Cp) - (¥ - ¢p) ,

(6-8) Y = (S - 8%) + (Cg - Cp)

The optimal tax, T, is derived fromthe condition first presented
in Equation 6-3 in the context of the hypothetical small tax-subsidy
program  Substituting the expression for the optimal subsidy derived in

Equation 6-7 vyields:

x % *
CR+T -Y =Cp+E =5

]
“n

* *
Cg - T° - (Eg - EO)
* * *
T = 8" -'Gg - E + Eg .
*
(6-9) T =E .

Thus, the optimal tax is sinply the external residual damage caused by

di sposing of a unit of waste outside of the regul ated waste managenent
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system  The greater the risk posed by nonconpliant disposal, the |arger

will be the optinmal tax rate. 8

An inportant aspect of the tax-subsidy instrument is the limted
anmount of information regulators need to establish appropriate rates.
Admttedly, the task of estimating residual external damages is not an
easy one, Wwhat with the nyriad uncertainties surrounding chemcal risks
and exposure levels. These difficulties plague every regulatory
strategy, of course, whether it is based on economc incentives or tra-
ditional design or performance standards. I nformed judgnments concerning
relative risks sinply cannot be avoi ded.

To inplenent a tax-subsidy instrument, however, regulators need not
be concerned with firmspecific details beyond estimating residual ex-
ternal damages. Production technol ogies, cost functions, final goods
markets, and other sinmilar data that are critical to the task of design-

ing standards are irrelevant for setting tax and subsidy rates.

O her Responses of Nonconpliers

Under a standards-based reginme, firns can plausibly argue that they
cannot afford to inplement the changes mandated by regul ators. The
rules mght well be appropriate for the average firm they mght claim
but our enterprises are different in certain critical respects that
regul ators have not taken into account. Regulatory design thus becones

enbroiled in disputes over the nebul ous concept of "affordability.”

81 ordi nary and bl ack market nonconpliance exist simultaneously,
then the optimal subsidy rate will depend on the distribution of firns
in each nonconpliance category and the residual external damage reduc-
tions obtained as they are sequentially brought into conpliance.
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Standards that threaten to drive firms out of business often appear on
their face to be excessively stringent, and intense political pressure
may be brought to bear on regulators to lighten the burden so as to keep
these firns alive and perhaps save politically sensitive jobs. The af-
fordability argunent can be npst persuasive, even in cases where closure
is both economically and environmental |y desirable.

The issue of affordability is largely irrelevant when economc in-
centives are the chosen regulatory approach. Firnms that cannot afford
to pay for the external damages they cause have no economnic basis for
protection. This is particularly evident if a tax-subsidy instrument is
applied in the case of hazardous wastes. As we showed in Chapter 2, ex-
isting incentives for waste minimzation are quite powerful. Absent
nonconpliance there is little need for additional governnent interven-
tion. Thus, the optinal tax-subsidy instrument stands to inpose only
trivial additional costs on firms that already conply with RCRA rules.
Substantial new burdens are inposed only on nonconpliers, both those
that respond by switching to conpliance and those that continue to
resist. In effect, the tax-subsidy instrunent penalizes regulatory eva-
sion, both past and present. Past violators nust pay a hefty one-tine
charge to gain legitimacy; current violators pay inplicit taxes equi-
valent to the expected value of the residual external danmages they
create by refusing to conply. Thus, conplaints concerning "affor-
dability" seemlikely to arise principally anmong those firns that
heretofore failed to abide by the rules. These firns are faced with an
unpl easant choice: the tax-subsidy systemw |l inpose |arge costs on

themif they renain silent, and may well drive them out of business, but
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seeki ng special consideration signals a high probability of past ms-
conduct, actions that can be punished through regulatory- and |aw

enf or cenent channels.9

Mani f est ations of Conbi ned Tax- Subsidy | nstrunents:
Deposit-Refund Systens

The progress of incentive-based regulatory strategi es has been con-
siderably nore rapid in the environmental economics literature than it
has been in practice. Gven policy makers' resistance to relatively
simple incentive instruments, it may seem highly inprobable that they
could be notivated to support a nore conplex strategy such as a tax-
subsidy regime. Barriers to an explicit tax-subsidy may seemin-
superable in light of the public's considerable opposition to taxes and
the political difficulty of directly subsidizing hazardous waste dis-
posal. The few tinmes that coordinated tax-subsidy schemes have been
proposed they have not fared well. One nmenorable exanple is the Carter
Admi nistration's National Energy Plan of 1977, the purpose of which was
to raise the relative price of energy without inposing a net increase in
taxes. Several features of this plan involved tax-subsidy instruments,

but they were soundly defeated in the political arena.l0

9shut - downs caused by the tax-subsidy instrument enhance efficiency
because they renove fromthe market firnms that cannot survive once they
are conpelled to bear the full social cost of their production. More-
over, shut-downs are especially effective ways to reduce risk.

1O00ne el enent of the pl an woul d have taxed gasoline $0.50 per gal-
lon to raise its price closer to world levels. To avoid transferring
consi derable wealth to domestic oil producers, the proceeds of the tax
woul d have been rebated via reduced payroll taxes. Friedman (1984; 92-
94) estinmates that gasoline consunption would have declined between six
and 12 percent net of the income effect due to the rebate.
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Ironically, one formof tax-subsidy has become increasingly popu-

lar: the deposit-refund system At |east nine states nandate deposit-

refund systens for beverage containers. 11

In Massachusetts, there is a
proposal under consideration by the legislature to create a simlar sys-
temfor used lubricating oil. Recently, Suffolk County, New York
enacted a deposit-refund system for |ead-acid autonotive batteries.

Anal ytically, deposit-refund systems can be considered constrained
forms of tax-subsidy instrunments. They differ in several inportant
respects that nmake themless flexible (and hence, less efficient) but
more politically palatable. In the remainder of this section we discuss
briefly the nature of these differences and the inplications they have
for regul ating hazardous waste generation. In Chapter 7 we develop a

nodel of a deposit-refund system and apply it to a particular hazardous

waste stream -- used lubricating oil.

Existing Deposit-Refund Systens

Deposit-refund systens appeared first in private market contexts.
Market-initiated deposit-refund systens arise in situations where sel-
lers want to expand the boundaries of the transaction to enconpass
secondary aspects of buyers' behavior that are hard to nonitor ex post.
In addition to the sales price, buyers nake a separate paynent that is
held by the seller pending the fulfillment of specific post-sale con-

tractual obligations. Once these obligations have been properly dis-

11These nine states are: Connecticut, Delaware, |owa, Mine, Mssa-
chusetts, Mchigan, New York, Oregon, and Vernont. California has a
somewhat different systemin which redenption values are allowed to
fluctuate according to specified conditions.
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charged the paynment is returned. Deposit-refund systens are thus in-
tended to overcone certain principal-agent problens that, occasionally
arise within the context of market exchange.12

Exanpl es of deposit-refund systens are easy to find. Firns that
rent equi pment or vehicles often charge a refundable deposit to ensure
that users return property on tine and in proper working order. Bottl ed
water is sold in special refillable containers, so a deposit is typical-
ly levied to discourage consuners from using these containers for sone
other purpose. Landlords require renters to provide security deposits
t hat becone equivalent to liquidated danages in the event that the
tenant breaches the rental contract. In each of these cases buyers have
substantial or conplete control over outcones that sellers consider
relevant. Traditional insurance contracts are generally infeasible in
t hese cases because the underlying problemis asymetrical information
and incentives rather than true uncertainty. Risk can only be shifted
rather than spread. Deposit-refund systens force risk-bearing upon
those parties with the best information and influence over subsequent
events.

Governnments occasionally have a stake in these transactions.
Ironically, economsts had yet to devel op explanations for the existence

of these systems by the tine policy makers intuitively understood what

1253milar instrunents also are used as vehicles for price dis-
crimnation. For exanple, tire manufacturers offer trade-in allowances
based on the proportion of rated mles a tire actually delivers in ser-
vice. The difference between the actual mileage and the rated nileage
is converted into a discount on a replacenent purchase. In effect, this
practice enables manufacturers to sell tires at a lower price to repeat
customers and maintain market share. It need not have anything at al
to do with tire performance.
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coul d be achi eved through their use. 13 public policy objectives may
argue for nodifying the structure of an existing market-based deposit-
refund system reviving one rendered obsol ete by changes in technol ogy
or preferences, or possibly creating a new one. Sonme conmunities, con-
cerned that landlords might be profiting unfairly fromthe security
deposits they retain, require that tenants receive annual interest pay-
ments on them  Governments have greatly expanded the use of performance
bonds in construction projects to provide security against breach of
contract. Such bonds constitute one of the few ways hazardous waste
treatnent, storage, and disposal facilities can satisfy RCRA financial
responsi bility requirenents. Many state governnents have enacted |egis-
lation to revive deposit-refund systens for certain classes of beverage
containers, systens that had faded away due to changes in bottling tech-

nol ogy and consuner denmands for disposability.

Special Attributes of Deposit-Refund Systens

Deposit-refund systens differ from nore generic tax-subsidy instru-
ments in at least three ways. First, there is generally a transparent
| i nkage between the deposit and the refund that may be best described as
a property right. Second, deposit and refund rates typically are set
equal in nomnal terms, a balancing nechanismthat confornms to the
| i nkage arrangenment and reinforces its economc purpose with politica

and psychol ogical legitinacy. Third, tax-subsidy instruments can only

13The only book-1ength analysis of deposit-refund systens is Bohm
(1981). It is to sone extent an attenpt to explain the econonics behind
deposit-refund systems that already had been applied to containerized
beverages w thout nuch awareness of their econonic effects.
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be brokered by governnents to effect public policy outcomes, whereas
deposit-refund systens can be run in either the public or private sec-
tors, and either for public or private purposes. FEach of these dif-

ferences deserves brief el aboration.

Deposit and refund |inkage. The relationship between the deposit
and the refund is typically transparent to both buyer and seller; there
are rarely internediaries involved. Paying the deposit creates an im
plicit property right to the refund, an asset that is liquidated only
upon redenption. In contrast, for a tax-subsidy instrument to be effec-
tive market participants need not understand the connections between the
i ndi vi dual conponents.

This need for linkage clearly restricts the range of applications
for which a deposit-refund system may be suitable. However, it also of-
fers certain intangi ble advantages. First, the pejorative connotations
associated with taxes and subsidies are absent. Deposits are not per-
ceived as taxes, and refunds are not viewed as subsidies. Instead, they
are widely interpreted as extensions of the terms of nmarket exchange
based on legitimte economic or political considerations. Politica
legitimacy may in fact induce a degree of voluntary participation far in
excess of what night be obtained froman analytically identical but |ess

obvi ous tax-subsidy instrument. 14

Nominal rate equivalence. Typically, deposit and refund rates have

to be equal in dollar terns to achieve this property-rights form of

Lipor exanpl e, beverage container deposit-refund systens enjoy
wi despread public support and high voluntary participation. Mny con-
suners expend nore resources in the act of redeening enpties than the
cash value of the refunds they receive.
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linkage. Such nonminally identical rates seemsinple and intuitively
fair, whereas deviations fromthis condition nmay be predicated upon com
plex calculations that escape the intuition of virtually everyone. The
practice is so prevalent that exceptions to the rule should attract nore
attention than the practice itself.

I n market - based deposit-refund systens, this phenomenon has no spe-
cial econonmic significance. |f, after deducting the expenses of operat-
ing the system conpetitive sellers collect nore in deposits than they
return in refunds, they will lower prices accordingly and thereby make
the real deposit less than the nominal anobunt. Sinmilarly, if operating
the systementails nontrivial administrative costs, then sellers wll
raise prices sufficiently to cover these costs and raise the rea
deposit above its nomnal ampunt. As long as a conpetitive price system
is available to make adjustments, nominal rate equival ence thus will be
of no consequence

A sinmlar analysis can be made concerning governnment - mandated sys-
tens operated by private entities. Prices sinply adjust to account for
di screpanci es between nandated and market-determ ned deposit and refund
rates. The case of mandatory beverage container deposit-refund systens
provides a useful exanple. Superficially, these systens may appear to
generate windfall profits to the parties required to collect deposits
and pay refunds -- typically wholesalers and bottlers. [If unclaimed
deposits fail to cover handling costs and administrative expenses, then
these firms will raise prices and thereby force consumers to bear a por-

tion of the deposit indirectly. But if unclaimed deposits exceed these
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costs, then conpetitive pressures will force prices dowward until wi nd-
fall gains are exhausted.1?

Nomi nal rate equival ence may have significant econom c con-
sequences, however, if governnent attenpts to operate the system Leav-
ing aside the issue of administrative costs, nomnal rate equival ence
typically will result in inefficient incentives. Unlike systens opera-
ted in the private sector, there are usually no market processes beneath
the systemthat are capable of nmaking these price adjustments. Under a
government-run system nomnal rate equivalence is consistent with ef-
ficiency only under highly restrictive conditions. First, there can be
no residual external damage resulting from whatever behavior constitutes
redenpt i on. In a hazardous waste-related application, this would nean
t hat RCRA disposal would have to fully extinguish risks to human health
and the environnment. Second, there nust be a one-to-one correspondence
between the nunber of physical units subjected to the deposit and the
nunber of physical units eligible for the refund. Even if these condi-
tions hold, efficiency can be achieved only if the deposit and refund
are set equal to the expected value of residual damages resulting from
nonconpl i ant disposal. Qherwise, the need for nomi nal rate equival ence
neans that either the deposit rate will be too low or the refund rate

will be too high. In the absence of these conditions, the systemwl|

15¢overnments have occasional ly sought to tax away these "wi ndfal

profits.” If expropriation ever proves successful, then wholesalers
wi |l behave as if these funds do not partially offset handling and ad-
mnistrative costs;' they will raise prices still further. The illusion

of windfall profits is one of several significant side-effects of

nom nal rate equival ence based on the intuitive property-rights Iinkage.
This illusion is abetted by the separate accounting and reporting proce-
dures that are typically required, practices which ensure that total un-
cl ai med deposits grow ever |arger over tine.
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be required to either offer refunds that are too large or |evy deposits
that are too small. In either case, efficient incentives will be |ost.
This is not to say that a governnment-run deposit-refund system suf-
fers any financial inadequacy. As we shall indicate below, the revenue
generating capacity of deposit-refund systenms nay nmake governnent opera-

tion a particularly attractive option.

The identity of the brokerage agent. Tax-subsidy instrunents nust

be administered directly by government, because only government enjoys
the power.of taxation. In contrast, deposit-refund systems can be im
plenmented with or without governnment involvement. O course, if such a
system were intended to overcome an environnmental externality, then it
woul d not be viable without governnental initiative.

Like the tax-subsidy instrument, a deposit-refund system could gen-
erate a substantial surplus of receipts over disbursenents. For this
reason, policy makers nmay be particularly interested in establishing the
government as the broker. Any surplus collected fromthe program can be
used to offset incentive-distorting taxes or reduce the deficit. In ad-
dition, some of these funds may be needed to cover administrative costs.

An alternative approach is to nmandate that certain entities in the
private sector performthe brokerage function, particularly if it is
politically inpossible to earmark the surplus for program adm nistra-

tion. This nmay not save on the total cost of administration, but it
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woul d reduce the anmpunt that nust be paid out of government agency
budgets.16

From an efficiency perspective, the decision as to where the system
shoul d be brokered should be based on conparative advantage across a
range of inportant criteria. Choosing governnent brokerage enhances
public accountability and reduces the need for regulatory oversight, but
it may al so subject the systemto delays and inefficiency. Private sec-
tor brokerage can be expected to maintain the tightest cost control, but
it also raises the threat of conflicts in interest between brokers and

regul ators. Unfortunately, there is no sinple solution to this ques-

tion.

Problens with Technol ogy and Targetiggl7

So far, we have assunmed that there exists a fixed-proportions
rel ationship between the item subjected to taxation and the generation
of hazardous wastes. Also, we have assurmed that there are no signifi-
cant technical or administrative problens associated with targeting ei-
ther the input tax or the safe-disposal subsidy. Wen these assunptions
hol d, the tax-subsidy instrument appears very attractive because it si-

mul t aneously enhances efficient waste mnimzation and safe disposal

16Policy makers can have the best of both worlds by mandating pri-
vate sector brokerage, then taxing away unclaimed deposits. W shall
di scuss the inplications of this strategy in Chapter 7 in the context of
a Massachusetts proposal to establish a deposit-refund system for used
|ubricating oil

171n the fol | owi ng discussion, deposits and refunds can be consid-
ered synonynous with taxes and subsi dies.
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In this section we address the issue of how well the instrunent m ght

performif these assunptions are violated.

Fi xed-Proportions Technol ogy

The fixed-proportions assunption enables the input to act as a per-
fect proxy for hazardous waste generation. This phenonenon seens to
apply perfectly in the case of beverage containers. Enpty containers
derive only fromfilled ones, and there is a one-to-one correspondence
bet ween the number of containers filled and the nunber emptied.18 How-
ever, the case of used motor oil is nore anbi guous. The ratio of new
oil installed to used oil generated is not fixed, but instead varies
consi derably across vehicles. Nevertheless, the ratio nay be tightly
distributed due to obvious simlarities in technology and the rel a-
tionship between oil use and engine performance.

The capacity to substitute away fromthe taxed input (and by inpli-
cation, hazardous waste generation) is an inportant and desirable attri-
bute. Waste minimization depends upon it. In both the beverage con-
tai ner and used oil exanples, however, little substitution is technical-
ly feasible. Containerized beverages cannot exist wthout the con-

tainer; motors will require lubrication as long as there is friction.

18there | s, however, no such correspondence between the nunber of
filled containers and the nunber of littered enpties -- a nbre accurate
description of the relevant waste stream In practice, this c