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RESUME

Le présent rapport se propose d'examiner les liens importants qui
peuvent exister entre la réglementation de l'environnement et la

croissance de la productivité.

Dans la premiére partie, les auteurs passent en revue les ouvrages
déja publiés sur les effets de la réglementation de l'environnement
sur la croissance de la productivité. Ces recherches se tondent sur
des données globales provenant des Etats-Unis. Bien que non
concluants, leurs résultats n'en montrent pas moins combien il
serait important d'entreprendre une &tude & partir de données

au niveau de l'entreprise ou de 1l'usine. Une &tude de faisabilité
préliminaire a permis de d&couvrir que, pour 1l'industrie canadienne
des brasseries, nous disposions de données au niveau de l'usine et
qu'il &tait donc possible d'entreprendre une &tude micro&conomique
de l'incidence de la réglementation de l'environnement sur les
brasseries canadiennes. En outre, comme plusieurs brasseries

sont soumises 3 certaines redevances sur les effluents, dites
surtaxes d'égout, il a &té possible d'effectuer une enquéte sur ce
genre particulier de réglementation de l'environnement. Les auteurs
soutiennent que, théoriquement, &tant donné que la réaction des
entreprises aux stimulants &conomiques est probablement plus rapide
et plus marguée, les eftets de ces stimulants sur la productivité
seraient plus importants que ceux produits par une application

directe des réglements (c'est-a-dire les normes antipollution) qui
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ont constitué jusqu'ici le théme central des &tudes relatives aux

divers effets sur la productivité.

Dans le reste du rapport, les auteurs passent en revue et
décrivent les systémes de surtaxes d'égout actuellement en usage au
Canada et montrent, 3 l'aide d'estimations, comment les brasseries
s'y ajustent. Ils présentent &galement une estimation de
l'incidence de ces taxes sur la croissance de la productivité dans

le secteur des brasseries.

L'analyse présentée laisse entendre que la réglementation de
l'environnement, du genre dont il est question ici, améne
eftectivement les entreprises polluantes & lutter contre la
pocllution, méme si elle tend aussi & réduire la croissance de la
productivité. Cette conséquence, cependant, n'est pas
nécessairement indésirable, car ces coflits sur le plan de la

productivité sont compensés par des avantages bien nets découlant

d'un environnement plus propre et de meilleure qualité.



ABSTRACT

The purpose of this report is to investigate whether a signi-
ficant relationshir exists between environmental regulation:

and productivity €rowth.

The initial section of the study pPresents a survey of the
literature dealing with the impact of environmental regulation
on productivity €rowth, These studies were based upon
aggregate data from the United States., While the findings of
these studies were not conclusives they pointed to the im-
portance of undertaking a study using firm or plant level data.
In a preliminary feasibility study it was discovered that

plant level data for the Canadian brewing industry was avail-
able and therefore,» that a micro-level study of the impact of
environmental regulation in the Canadian brewing industry was
possible, In additions since several brewing plants were
subject to a type of effluent charéges known as a sewer sur-
chargey» an investigation of this particular type of environ-
mental regulation could be done., Theoreticallyy it is sug-
gested thats since the respronse of firms to economic incen-
tives is probably swifter and more pronounceds the productivity
effects would be €reater than under the direct regulation
enforcement (i,e. the pollution standards) approach which has

been the focus of all earlier productivity impact studies.

The remainder of the study presents a description and survey

vi




of sewer surcharge schemes currently in use in Canada and
presents estimates of the response of brewing firms to these
charges. In additions the impact of this financial levy on

productivity €rowth in the brewing industry is estimated.

The analysis presented suggests that environmental regulation,
of the type investigated here, does induce an abatement
response on the part of polluting firms and does tend to
reduce productivity growth. Thiss however, is not necessarily
undesirable s;nce accompanying these costs are definite bene-

fits in terms of an improved and cleaner environment.

el




I. INTRODUCTION

Economic incentive schemes have traditionally been suggested
by economists as the appropriate way to deal with environmental
problems at stationary sources (Dalesy 19685 Baumol énd Cates:s
;97I3 Anderson et aly 19777 Tietenbereg, 1980). Thesé schemes
?enerally involve a financial penalty imposed on behaviour which
is considered undesirable. Two of the more popular exampies
of these types of prorposals are effluent charges and transferable
discharge permits (i.e. property rights schemes).

The preference of economists for policies that alter economic
incentives follows naturally when one views environmental pollution
at a particular source as resulting from the failure of the market
to price a scarce input: environmental aquality. In essence
polluting firms consume this scarce input without having to pay
for it. Pollution emissions represent the best observable proxy
for this input and thus the pricing of pollution emissions woulid
seem to be a useful way of solving this probiem of missing markets.
It is argued that if the price imposed per unit of pollution
emissions approximates the social damage created by that pollution,
then the polluter will be induced to operate efficientiy. That
isy the poflluter wiil only emit pollution as fong as the benefit
to himy» in terms of foregone abatement costs» exceeds the price of
pollutiony and hence exceeds the damage created by that epollution.
In a partial equilibrium setting, this result is efficient because
net social costs including pollution damages plus poflution abate-

ment costs are minimized. -
In contrast to the foregoing theoretical approachs environmental
protection policy throughout North America has evolved in a direct

regulation-enforcement framework. Current policies are based on
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ambient and effluent standards with, at least in theorys the

threat of fines and/or imprisonment available to enforce compliiance.
This framework often incorporates some form of financial assistance
which is meant to defray the cost to the polluter of-achieving
;ompliance with environmental regulations.

Typically environmental policies are compared on the
basis of their static efficiency implications. It has been suggested
that there are also important dynamic conseaquences of various en-
vironmental! policies. In particulars it is important to determine
the effects of environmental policies on both the rate and direction
of technical advance.

In this study we propose to investigate the impact of environ-
mental regulation onproductivity growth., While it seems reasonable
to assume "...that reductions in pollution per unit of outeput must
be traded off against improvements of productivity..." (McCain,
1978, 546) there has been no empirical attempt to verify this
belief or even to determine the magnitude of such imepacts. In
addition others (Meyers and Nakamura, 1980) have suggested that

whether environmental regulation reduces productivity growth or not
is an empirical aquestion.

This paper will present an empirical evaluation of the impact
of an existing form of a particular environmental incentive on
the growth of productivity in the brewing industry. Prior to
presenting these results a discussion of the concert of total factor
productivity and the current evidence regarding the impact of en-
vironmental regulation is presented in Section II. Section III
presents a comparisons in static efficiency termssy of various forms
of environmental regulation and a discussion of the implications

of these forms of regulation for productivity growth. Section IV



presents 3 discussion of various observed appiications of an
economic incentive scheme which is currently used in certain
Canadian Jjurisdictions: sewer surcharges. A review of the variants
of this scheme used in various Jurisdictions is prov%ded. Section
V presents the model which is used to investigate the impact of

these ercharEe schemes on productivity growth in the brewine

industry.




II. TOTAL FACTOR PRODUCTIVITY

Productivity is typically measured as the ratio of output to
inputs. Some of the more commonly used measures of productivity
are the single factor productivity indicies (e.g. avéraee pro-
auctivitv of labour) and the total! or multi-factor productivity
index. The problem with partial measures of productivity growth is
that it is oftendifficult to determine whether they measure technical
changey input substitution, etc. As a result the more comprehensive
measuressy like total factor productivity (TFP) have become popular.
The growth of TFP can be defined as the difference between the rate
of growth of real output and the rate of growth of real factor
inputs (Jorgenson and Grilichessy 1967). Thus TFP yields a measure
of the growth in output that cannot be explained by the growth
in inputs. Conceptually this is sometimes considered to represent
a measure of technological advance. As has been pointed out else-
wheres» it may also reflect measurement errors (Jorgenson and Griliches,
1967)y or a failure to appropriately account for scale economies
(Dennys Fuss and Waverman, 1981).

The slowdown of productivity growth since the mid 1970's has
been blamed on several factors including energy price increases and
increasingly stringent government regulation. With regard to the
latter factors Christainsen and Haveman, (198l1a) found that federal
regulation in the U.S. was responsible for from 12 to 21% of the
slowdown in the growth of labour productivity in manqjacturine during

the period 1973-77 as compared with the period 1957-Q§.



0f particular concern here is the impact of environmental
regulation on productivity growth. The majority of such studies
have been undertaken in the U.S. and with minor exceptions (Koep
and Smithy 1981) they are based on agegregate or macrﬁ level data

;(Christainsen and Haveman,» 1981)., These studies (Ch}istainsen
'%nd Haveman, 198|,. 388) suggest that not more than 15% and likely
between 8 to 12% of the slowdown in productivity €rowth can be
attributed to environmental regulation in the U.S.

In reality there is a great deal of variation in the estimates
of the impact of environmental regulation on productivity growth.
This is the result of different methodologiesy» the use of different
time rperiods and data. One of the more complete analyses can be
found inIDenisonv (1978). Denison's analysis shows that a pro-
portion of the slowdown in productivity growth is due to the
diversion of inputs from primary production to poliution abatement.
This approach has been criticized on several grounds (Christainsen
and Haveman, (981, 383). One of the primary criticisms is that
environmental regulation will affect productivity growths not only
by diverting resources from primary productiony but also through
its effect on the efficiency of the firms' resource allocation
decisionsy as well asy through its effect on the allocation of R
and D expenditures between primary production and abatement and
its impact on the obsolescence of a firm's capital stock.

- An alternative approach to estimating the productivity impact
;f environmental regulations has been used in CrandaTlv (1981,
In this study a cross-section of 36 manufacturing insustries were

used to regress deviations in productivity growth from the historic

trend in industry productivity on pollution contro! orerating costs




as a ratio of value added.I The results of this analysis proved to

be indeterminate.

The problem with many of the studies of the impact of en-
vironmental policy on productivity growth is the Iev;l of agegre-
?ation used. Nadiri (1970) suggests that in general with regard
;o productivity studies "...the specific results are too sensitive <
to changes in the types of data and methods of estimation to provide
concrete aquantitative figures about the contributions of various
factors to the growth of output..." (p.1169). This criticism
applies particularliy to the environmental studies discussed above.

It has been suggested that many of the problems inherent in these
studies could be overcome if analyses were carried out at the firm
or plant leve! (Kopp and Smith, 1981).

This suggests that empirical analysis of the impact on pro-
ductivity growth of environmental policy should be undertaken at
a disagegredated level in order to avoid the type of aggregation
problems discussed by Jorgensen and Grilichesy (1967) and that the
analysis should be carried out through the estimation of a cost
or production function in order to isolate productivity growth
from scale effects.

Before presenting evidence regarding the impact on productivity
growth in the brewing industry of a particular economic incentive
schemes a comparison of alternate environmental policies is presented &
i% the next section. Productivity is defined in terms of the
efficiency with which inputs are transformed into "usEful" outputs

in the production process. Regulations by definition, involves an

intervention into the market process and hence creates deviations ]

from the usual profit maximizing behaviour. Such alterations will




reduce the rate of growth of output per unit of input (i.e. pro-
ductivity). With regard to environmenta! regulation,productivity
growth will be affected by dipertine resources from primary pro-
duction to abatements by interfering with the producjion Process
;nd thus reducing the effectiveness of inputsy by ch;nnelline R
Snd D expenditures from production to abatement technologys etc.
A qualitative analysis of the probabie impact of two alternate
environmental policies with regard to productivity growth follows.
Before presenting this analysis however an additional point
should be made. The analysis thus far suggests that environmenta!
regulation may reduce the erowth rate of total factor productivity.
This 1is not necessarily undesirable. Accompanying these costs are
definite benefits from cleaner air and water. The analysis which
follows ignores these benefits. Any study concerning the overall
desirability of environmental regulation must incorporate estimates
of these benefits. Thus the purpose of this study is somewhat
more limited. In particulary» we will attempt to provide some in-
sights into the amount of primary output which is being sacrificed
for environmental purposes. In additionsy it is possible to compare
environmental policies with regard to their costs of achieving
predetermined environmental standards and hence to provide some
insights regarding the impacts of these policies on productivity

growth.




ITI. A COMPARISON OF EFFLUENT STANDARDS AND CHARGES

A- INTRODUCTIGN

As has been suggested earlier, there are several ways in which
environmental regulation can affect the allocation of resources
;ithin and across firms and hence also affect the Eréwth of pro-
éuctivity within firms, as well as:» provinces or nations. Part
of this effect takes the form of a diversion of inputs from primary
production to pollution abatement and may in fact be the result of
measurement error. This diversion reflects a movement along the
production frontier rather than off the frontier. 1In reality,
increasingly stringent environmental regulation represents an
increase in the cost of a socially valuable asset to polluting
firms. In response to the increase in the relative price of this
environmental asset (i.e. the assimilative capacity of the environ-
ment) polluters tend to substitute other inputs (i.e. use labour
and capital to abate pollution) for continued use of that asset
(i.e., for continued emission of pollution), Thus part of the
reduction in productivity growth is the result of a movement along
the production frontier induced by the increased cost to firms of
using assimilative capacity relative to the cost of other factors
of production and resulting from the fact that productivity is
defined as the ratio of primary output to conventional inputs (i.e.
labour and carpital). In facts, the diversion of labour and carpital .
reduces the amount of valuable asset (i.e. environmental aquality)
consumed by a polluting firm. If the social value of this asset
could be determined and if it were included as an ingut in the
calculations, productivity may have in fact risen. Ugfortunately
it is difficult if not impossible to measure the social value of

this asset and thus the traditional approach has been to treat




this diversion as a source of productivity slowdown (Denisons 1978).
Whiie the traditional approachwil! be followed here it should be
remembered that this diversion merely represents one of the costs
Pf a process which yields definite benefits. The ou;litative
?stimates suggested in this section and the auantitative estimates
;f latter sections should be interpreted in this lieht.2

In addition to inducing the diversion of conventional inputs:
environmental regulation may also effect the efficiency of a pro-
duction process directly. An example of this would be the impact

of environmental regulation on the fuel efficiency of the auto-

mobilesy ceteris paribus. To the degree that environmental regula-

tions and the resulting abatement equipment interfere with the pro-
duction process it could have the effect of impeding shifts in the
production frontier or actually causing the production frontier to
shift in over time.

Effective environmental policies might induce increased research
and development into the development of lower cost abatement tech-
nologies. This may also have the impact of diverting funds from
R and D on primary production technologies and may ultimately slow
the rate of productivity Erowth3 as conventionally defined.

On the other hands Mevers and Nakamuras (1980, 463) suggest
that increasingly stringent environmental regulation would induce
more rapid capital turnover (i.e. modernization) the net effect of
Jﬁich may be an acceleration in productivity growth. Their theore-
{3cal analysis is based on a putty-clay model in whifh substitution
of factors is possible prior to investments but not {}terwards. Thus
in order to alter factor proportions investment in new vintages must
cccur. In essences they argue thaty based on their studies of water

pollution abatement and factor substitution in manufacturing, this
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ex post assumption of fixed factor proportions is not unreasonable
(p.465). As a result environmental regulation raises the unit
variable costs of old vintages of eaquipment more auickly than for
new equipment. The result is an added incentive for.modernization

-

which would not exist in the absence of this reeulatgon. This

suggests that the ultimate impact of environmental regulation is

=7

an empirical aquestion depending on which of these effects dominates.
As will be seens howevers some a priori statements can be made
regarding the productivity effect of certain alternate forms of
environmental regulation.

In the remainder of this sections a comparison of the current
environmental regulation frameworks which we will call the direct
regulation-enforcement framework4’ and an alternative economic in-
centive scheme (i.e. effluent charges) will be made on the basis of
their likely impact on productivity growth within an individual firm
and within a region (i.e. province or nation). In order to determine
how these policies would affect productivity growth we must first
understand how they effect firm behaviour. In what follows we first
define the policies to be discusseds» suggest their probable impact
on resource allocation and ultimately compare the likely impact of

these policies on productivity within a firm and within a region.

Bl DIRECT REGULATION - ENFORCEMENT FRAMEWORK

S (i) Description
= The direct regulation - enforcement framework is the primary
form of environmental regulation practised in most provinces and

federally in Canada. It generally involves the setting of ambient

auality standards which are then used to derive effluent standards




at various key point sources. These standards ares at |east in
theory» enforced by the threat of fines and/or imprisonment. This
framework often includes some form of financial assistance which
}s intended to defray the cost to the polluter of ac%ievine com-
?Iiance with environmental objectives and regulations. The most
;onular types of financial assistance in North America include
accelerated depreciation allowances on capital expenditures for
pollution controlsy the refund of sales taxes on the purchase of
pollution control equipment and direct subsidies on loans for

the purchase of poilution control eaquipment.

Environmental policys as is necessitated by the federal
character of Canada, is a mix of federal and provincial laws. As
in other federa! Jurisdictionss» the federal eovernment has the
authority to legislate matters of national priority. At the same
times» local matters fall within the purview of the province. The
division of responsibilities regarding environmental policies
between governments is thus blurred.

Historicallyy the federal government in legislation like the
Canada Water Act (1970) and the Clean Air Act (1971) has sought to
create national standards and provincial-federal co-operation. As
things have evolvedy howevers the federal! government has left much
of the initiation and enforcement of environmental programs to the
Drovinces.s The Federal Fisheries Acts for examples is enforced in
&ﬁtario by the provincial government. The protection of air and
Qéter quality in the provinces is therefore generally the respon-
sibility of the provincial government. f
Environmental regulation at the provincial levels has been

characterized by absolute prohibitions on pollution emissions while
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elsewhere in the legislation exceptions to the rule are provided.
For examples in Ontario's Environmental Protection Act there is a
general grohibition against emissions: "...no person shall deposit,
add or emity» or discharge a contaminant... into the énvironment
“that (a) causes or is likely to cause impairment of 1he quality
-;f the natural environment for any use that can be made of it..."
(Section 13(1)). However, elsewhere in the Act (Section 5) this
absolute prohibition is softened: "No person shall deposit in,
add tos emit or discharge into the natural environment any con-
taminant...» in any amounts concentration or level in excess of
that prescribed by the Regulations.”

These Regulations generally state effluent or discharege
standards which may take a variety of forms: total loading (i.e.
mass per time period), concentrations technological restrictions,
etc. Provisions for financial penalties usually accompany this
legislation. For examples penalties under the federal Fisheries
Act can be up to $100,000 per day: under the Ontario Water Resources
Act and the Environmental Protection Act fines are set as a maximum
of $5,000 for the first offence and $10,000 per day for subseauent
offences. In practices however: this.route of prosecution is seldom
followed and,» when it isy the fines usually fall well short of the
maximum stated. Estrin and Swaigen, (1978, 148) found that between
1958 and 1972y || offenders were fined slightly more than $1,000
ééch under the Federal Fisheries Act in British Columbia and the
M;ritimes. In Ontario between 1968 and 1977 there we?e |17 separate
environmentally related prosecutions of pulp and papé} milis with
fines generally of $2,000 or less (Victor and Burrells 1981, 145).
Deweess (1980y 14) has concluded that "...while an exhaustive survey

has not been undertakensy it is likely that no Canadian Jjurisdiction
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has imposed on any industry fines that represent a siegnificant
percentage of costs that woulid be involved in controlling pollution.,”
In essence the primary source of enforcement is not generated
fhrouéh prosecution and confrontation but rather thréuah a process
of bargaining and moral suasion. Given monitoring and legal costs
;nd the limited budeget of most environmental agencies a direct
confrontation aepproach involving strict adherence to available
standards is likely not a feasible alternative. It has also been
suggested that the use of persuasion and bargaining in order to
achieve compiiance may provide a method of introducing abatement
cost considerations into the regulatory process which were ignored
when ambient and effluent standards were determined (Dewees» 1980+12).,
This approach to environmental regulation has been described
as one of "symbolic actions" (Dewees» 1980+10). Tough standards
which sometimes appear to ignore abatement costs are established in
law or in Regulations. The protection of human health is usually
an important aspect of these standards. But this is only symbolic.
When setting objectivesy deadlines and enforcing compiiance excep-
tions are made through bargaining and negotiations. Agreements which
may be less restrictive than the letter of the law are made. Imple-
mentation deadlines are often deferred. Enforcement through court
action and fines is viewed oniy as a |ast resort.
(i1) Evaluation
One of the chief criticisms which can be levied against the
dIrect regulation-enforcement framework is that it ha? not resulted
in the timely compliance of major point sources with ?ollution
abatement schedules developed by environmental authorities. It
has been argued that this method.of regulation instead of providing

an incentive to abate has provided an incentive for industries to
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delay expenditures on poliution abatement (Robertss 1970, 1528).
A firmy 1n deciding whether to comply with current environmental
requirementss will weigh the cost of delay against the rewards of
non-compliance. The rewards of non-compliance result from cost
savings because research and development may ultimately
produce lower cost methods of abatementi more generous financial
assistance from governments may become availabie in the future)
and any delay allows a firm to use scarce capital that would have
been used to purchase pollution control equipment for profit making
investments. In addition, gains also accrue from the savings of
operating and maintenance costs which could have been incurred
had the appropriate abatement equioment“been in place. The costs
of non-compliiance or delay involve the adverse public reaction and
fines which result from prosecution. Given the technical complexity
cf many modern production processess howevery it is not difficult
to €ive the nominal appearance of co-orperation by undertaking
successive engineering and cost studies. This will also help high-
light technical difficulties which can further aid delaving tactics
and help to avoid prosecution. The direct regulation-enforcement
arproach provides sienificant rewards for non-compliance and pro-
vides insignificant costs from delay.

Thus if a firm does not comply with environmental standards
it runs the rather small risk of prosecution and ultimately a fine.
But it is unlikely that the magnitude of the fine will exceed the
cost savings from delaying compiiance. In additions a firm which
exceeds a standard must first be caughty whichy if it 1s one of

many firmsy, is not certain. Even after it is caughts 1t can probably

negotiate ify as in most Jjurisdictions with finite budgets for environ-
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mental litigation» the authority is seeking voluntary compliance.
Moreover, where abatement options are costly and uncertain, the

firm can be expected to make a good case regarding the unreasonable-
ness and infeasibility of the current reauirements.i Any delay,
whether this delay is the resuit of litigation or b;IEainine with
‘the environmental agency has clear and substantial benefits to

the polluting firm.

One rationale for financial assistance is thaty» by reducing
the cost of abatement, it tends to reduce the reward to polluters
from delaying compliiance. But as long as abatement costs remain
a substantial net loss item for the firm (as it likely will even
with significant tax incentive and subsidy schemes) it is unlikely
that financial assistance will have a substantial impact on this
tendency to delay compliance.

It is this opportunity for delay which seems to be behind the
lack of progress in pollution control at some puip and parer mills
in Ontario.6 Victor and Burrells (1981:201) found that while there
has begn environmental improvement at the industry levels such
improvement was achieved at a slower rate than expected and did
not reflect a uniform pattern amoneg all mills. The rather slow
rate of improvement in this industry can be explained by the in-
effectiveness of enforcement activity undertaken by the environmental
authorities in Ontario. This is dramatically exemplified by the
vecord of prosecutions and fines brought against mills (outlined
?arlier)s and the history of Control Order Amendments and post-
ponements since 1977y in Ontario.7 -

In 1977y the Ministry in response to the |1mit;d success of
the regulatory program in use since 1965y put all mills not

voluntarily in compliance with ag€reed upon abatement schedules on



Control Orders. Howevers since 1977 this approach has been
characterized by Control Order Amendments and posteponements in
response to reaquests by the mills (Victor and Burell, 1981,144).
This evidence is entirely consistent with Roberts' (I{]O) suggestion

that the direct regulation-enforcement framework provides an incentive

for industries to delay expenditures on pollution abatement.

As further evidence of the failure of the direct regulation-
enforcement framework to induce compliance in the pulp and parer
industry in Ontario the following facts have been noted by Victor
and Burrell (1981);

(i) Between 1973/74 and 1975/76 the number of mills in
Ontario in compliance with federal toxicity reauire-
ments rose from one to nine and remained unchanéged
to 1978. This number represents only about |/3 of
the pulp and paper mills in Ontario (p.28).

(ii) In 1965 the Ontario Water Resources Commission sent a
directive to all pulp and parer mills in Ontario
reauiring that the level of suspended solids in waste
emissions be reduced to 50 mg/L by December 31, 1966.
By 1978 the average discharge from the industry in
Ontarioc contained nearly 110 mg/L of suspended solids:
more than double the level requiredby [966. In addition,
it should be noted that the industry has progressed
more quickly with regards to the abatement of suspended
solids than with respect to the control of-BOD or toxic
elements (p.128). =

While the Control Order Amendments and postponements mentioned
above may have legitimately resulted from technical difficultiesy

this does suggest another weakness in the direct regulation-enforce-
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ment framework: it does not provide an incentive for technical
innovation or advancement, Research and development could result
in advancement which would overcome the technical difficulties that
have required these amendments and postponements. Unfortunately,
it is not in the interest of polluters to overcome t;ese difficulties
ir at leasty to expend resources in attempting to dolso. In add-
ition- any advancement which might result from such research might
be imposed on the firm when Control Orders are renewed. This is
not likely to be desirable from the firm's point of views since it
increases the firm's capital outlay with no corresponding increase
in profits. Thus there is little incentive for polluting firms to
conduct serious research into pollution abatement techniques under
the direct regulation-enforcement approach.

In additions under the direct regulation-enforcement approach
there is a tendency to set stricter quality standards for new
sources than for existineg sources. For examples the Pulp and Paper
Regulations under the federal Fisheries Act sets standards which
allow 50% more emissions from existing than new mills. This
makes e;onomic sense where new plants can be built to take ad-
vantage of economies of scale or install less pollution intensive
processes. This differentiated regulation howeversy provides an
incentive for firms to continue to operate obsolete facilitiesy
rather than to replace them with new facilities. In this way firms
can delay compliance with the more stringent environmental stan-

dards which apply to new facilities. Such a policy cany over time.
;;sult in an adverse impact on productivity growthy éhd in the
short-runy could actually result in an increase in Dgllution
emissions (Gruenspechty 1982). 1In additiony such a policy would

tend to neutralize the tendencys, towards modernization induced by

environmental regulation suggested by Mevers and Nakamuras (1980).
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The direct regulation-enforcement framework is often supple-
mented with various forms of financial assistance. A major source

of financial assistance available to firms in Canada has come from

tax provisions intended to encourage expenditures onTrpollution

;batement equipment.8 From the point of view of eff;éiency; this
;ype of financial assistance may have some undesirable effects.
Because the tax concessions can be applied only to carpital expen-
dituress, a firm will have an incentive to adopt abatement techniaues
which reaquire substantial amounts of abatement eaquipment, even if
this is not the least cost way of achieving pollution reduction.
An example of the perverse incentive created by tax provisions, like
accelerated depreciationy is presented in Roberts, (1970, 1533):
"Suppose...a firm has a choice between two methods of
abatement. One method involves purchasing significant
amounts of land on which to construct treatment ponds.
The other method is to buy a set of mechanical devices.
Under current tax lawy the investment in mechanical devices
would be depreciables» while the investment in land would
not. Thusy» considering tax breakss the mechanical approach
might cost the firm less than the land-use approachs while
the real cost to societys, i.e. the cost before taxes, of
the land purchase methods would have been cheaper."”
These tax provisions may also bias abatement choices away from
i;ast cost techniques which have high operating costs or which
;;volve process changes if, as is often the case: th;'tax break

arplies only to facilities and eauipment designed specifically for

pollution abatement.
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(iii) Conclusions
The direct regulation-enforcement scheme is open to two

separate sources of criticism each of which has opposite conse-

quences for productivity: e

LARETIRN BRLY B

‘ {

(a)

(b)

This approach provides an incentive for firms to

delay compliance by using technical and economic
arguments. To the extent this is trues environmental
regulation would impose few productivity penalties on
polluting firms. Firms would tend to sepend very

little on equipment which could be defined purely as
abatement equipment and as a result the diversion of
inputs and the interference with the efficiency of

the production process would be minimal. In addition,
the diversion of R and D expenditures into the develop-
ent of abatement technology would not be expected nor
would any tendency towards increased modernization.

To the degree that this approach does induce compliance,
it is not clear that the achievement of environmental
quality standards is being achieved in a cost effective
way. First, there is no guarantee that any overall
environmental standard will be achieved at least cost
when this framework is used., A cost effective scheme
would reauire eauating the incremental cost of improving
environmental aquality (with regard to a single pollution
parametery say sulphur dioxide) at all poimt sources.
The fact that abatement costs are not an ifftricate part
of standard-setting ensures that cost effectiveness 1is

not a likely outcome of this process.
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In additiony to the extent that the financial assistance

schemes offered are effective they alsomitigate against

the least cost solution. Both of these tendené}eswill

result in larger than required diversions of coéventional in-

puts to abatement and away fromprimary production. Aswell,

the impact of differentiated regulation between old and new

point sources would likely have adverse impacts (as suggested

above) onproductivity erowth.l

The available empirical evidence seems to favour the previous

type of criticisms. The evidence from the U.S. on the impact of
the direct regulation-enforcement framework on productivity growth
seems to indicate that it is responsible for from 5-15% of the

slowdown in productivity growth (Christainsen and Haveman, 1981, 387),

The upper end of this scale comes from the Denison studies (197831979). ) (452
has been suggesteds howevery (ibid)y 383) that these studies yield over-

estimates of the impact of environmental regulation in the U.S..

One of the primary criticisms has been that the environmental cost
data used were taken from employer surveys and thus would be biased
upwards. New eaquipment which yields fewer residuals would tend to
be recorded as primarily abatement ecuipment.II In addition the
evidence in Canada with regard to INCO and the pulp and paper mills,
discussed aboves might lead one to conclude that the current direct
regulation-enforcement approach does not and has not provided a
stenificant threat to productivity growth in Canada ot the U.S. A

similar conclusion is hinted at for the U.S. in Christainsen and

Haveman, (1981, 388):
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"...the evidence on the adverse impact of environmental
regulations on the caepital stock and its productivity appears
very weak. Environmental regulations can have major adverse
output and productivity impacts on certain sectors or industries,
These impacts tend to be localizedy howevers and bdecause of the
small size of these sectors relative to the national economy,
they appear to have a rather trivial impact on macroeconomic

performance.”

1

0f course if the preceding hypothesis that current enforcement
procedures are ineffective is correct this does not imply that the

impact of an effective environmenta! policy on productivity growth

would also be trivial. Many economists have suggested the use

of economic incentives as a means of overcoming the ineffec-
tiveness of the direct regulation-enforcement framework. Because
the impact of these economic incentive schemes on the allocation
of resources is generally felt to be substantial relative to the
current approachsy one might also expect the productivity impacts
to be substantial.,

c. ECONOMIC INCENTIVE SCHEMESl2

(i) Introduction

Due to the costly nature of pollution abatements, compliance
with environmental standards is not likely to occur unless the
failure to control pollution is made still more expensive. While
the direct regulation-framework, even when complemented by sub-

-

stantial financial assistances seems to fails, it is often argued
that economic incentivessy when properly applieds may induce more
timely compliance. It is also argued that these economic incentives

can achieve desired levels of abatement at costs that are substan-

tially less than those that would be incurred if compliance
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were forthcoming under the direct regulation-enforcement framework.
Economic incentive schemes reaguire the legislative authorization
of a financial charge on environmentally harmful conduct (Anderson

et aly 1977y 1). One of the basic prototypes of thi% scheme 1is
ihe effluent charge scheme. Effluent charges involvé the imposition
;f a financia! charge on each unit of pollution emissions dischareged.
A more detailed description and evaluation of this economic incentive

scheme follows.

(ii) The Effluent Charege Scheme

(a) Description: The theoretical basis for an effluent charge
scheme derives from the failure of the market to place a price on
environmental services. The environment is an asset which vyields
waste assimilative services to users (e.g2. pulp and parer millsy
municiral sewage treatment plants, smelters, etc.). Problems
arise to the extent that the asset is scarce. More services to
firms (i.e. more waste emissions by firms) lead to less environmental
auality and hence fewer recreational and other services available
to other users., The failure of the market to reflect this oppor-
tunity costs or these damagess in a price for these waste assimila-
tive servicess induces their overuse by polluters. Efficiency
requires that firms internalize the damages which result from
their pollution emissions when making their production decisions.
Otherwise, the tendency would be for polluting firms to under-

—

estimate the costs of production and hence to overproduce. A
tharge per unit of pollution equal to the social damage of that
unit of poliution will thus solve the environmental sroblem. This

is the basis on which effluent charges were initially sugegested.

In order to implement such a schemey important compromises
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are reaquired. In particulars because pollution damages are almost
impossible to computes another approach to setting effluent charges
must be adopted. Despite these compromises many economists argue

that a charge scheme still compares favourably with the direct re-

;ulation-enforcement framework (Andersons et al 1977).
1

A workable effluent charge can be designed to achieve a pre-
determined environmental standard. This scheme involves setting a uniform
charge per unit (i.e. pounds tons etc.) of a particular type of
pollutant (e.g. 502, particulatesy etc.) on aill major polluters
in order to achieve some overall standard. It is important to
the understandineg of this and other economic incentive schemes
to realize that cost minimizing firms will abate pollution in
response to such a charge. A firm will continue to abate add-
itional units of pollution as long as the cost of doing so (i.e.
the mareginal cost of abatement) is less than the effluent charge.
In theory» the individual firm will abate until the marginal cost
of abatement (i.e. the cost of removing an additional unit of
pollution) equals the charEe.'3

While a uniform charge is set for each point sources a diff-
erent charge would likely apply to each pollutant included in such
a scheme. The overall standard must be determined by the environ-
mental authority and should be stated as the amount (i.e. pounds
tonsy etc.) of a particular pollutant (e.é2. 502) which can be

—

emitted into the environment over a certain period of time. For

—

examples the overall standard might be such that all major 502
emitters inarefgion would be allowed to emit one million tons of
802 into the air per year. This "standard", howevers would not

be transliated into a restriction on the emissions of any particular
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point source. The method of achieving this standard would be to
set an effluent charge and to alter this charge each time oeriod,l
until this overall standard is achieved.

A further imeplication of this scheme is that over time the

-

?charee would have to be adiusted to maintain the overall standard
'1n order to compensate for inflation and growth (Fishery 1981),
Continuing inflation would mean a decline in the real value of the

chargey if its nominal value is fixed. This would results eventually,

in emissions in excess of the desired level in particular vyears.
Incorporating an escalator clause that would cause the nominal
charge to vary with the annual inflation rate would largely over-
come the possibly costly necessity of annually altérine the charege
by administrative decreey in order to incorporate the effects of
inflation.

Growth of output over times and the resulting increase in the
production of polluting by-products reauires increasingly stringent
abatement, if the overall standard is to be maintained (Magat, 1978).
The incentive to increase levels of abatement may reaquire increases
in the real value of the charEe.I5 Thus the charge might have to
be adiusted upwards by administrative decree. The signal for such
an adiustment would be given when emissions from the relevant point
sources,.in ageregates exceed (or fall short of) the desired stan-

t_!ard.’6 The charge would then be adjusted in order to achieve the

-

overall standard.
. This system must obviously be supplemented by a monitoring
program. The purpose of monitoring in this case is not to detect

violations at individual sources but rather to determine the total

emissions from each point source per year (i.e. per time periods
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where the time period in question is the one over which the overall
standard has been set). This would Iikely reauire taking a number
of random samples of emissions from each point source which would
Ehen be used to statistically estimate the total emiggions from
ihat source during a particular time period. This data would then
;brve two purposes:

(1) when aggregated for all relevant sources it shows

whether the overall standard is being met and hence

whether the charge should be altereds

(ii) it is used to determine the payment by individual
point sources which can be calculated as the
charge times the calculated emissions from the

point source.

The revenue generated by this scheme once the optimal charEeI7

has been set can be calfculated as the product of this charge and
the overall standard. Of course» in transitional years, as the
charge is being iterated)» revenues could be larger or smallier than
this amount.Ia These revenues would be used to finance environment
programs such as stream re-aerationy altering stream flowy and
financing collective abatement facilitiess as well asy to finance
the administrative and monitoring costs of the governments environ-
mental p}oaram. Residual funds could also be used to finance
research into abatement technologies,

—

(b) Evaluation: This variant of the effluent charge scheme
compares favourably with the direct reEulation-enforé}ment approach.,
Unlike the latter approach there is no incentive undé} an effluent
charge to delay the installation of abatement equipment. While

failure to install|l abatement equipment does result in the same tvype
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of cost savings described in the previous sections it also
results in a larger effluent charge bill. while there 1is

no incentive for bargaining or delay of compliance

once the charge has been sety there will likely be bérEainine
%ver the imposition of the charge: whether this type-of scheme
;hould be imposed and what the initial level of the charege should
be.

The effluent charge scheme represents a decentralized method
of control. Once the charege is set it is up to the firm to decide
how to reduce pollution emissions. There are usually several
possibilities: end-of-pipe treatment, process changey» outprut
reductionss input substitutions, change in product mix, etc. One
reputed advantage of these decentralized economic incentive schemes
is that it is the firm which chooses the appropriate abatement metho-
dology and the firm will obviously do so in & manner which will minimize
the social cost of achieving a given level of abatement. Under the
centralized methods used in the direct regulation-enforcement
frameworks in which a plant is sometimes ordered to adopt a parti-
cular abatement technologys the flexibility the firm enjoys under
the effluent charge schemes with respect to choice of abatement
technique is somewhat reduced. As a result abatement cost at a
point source will likely be higher uﬁder the direct regulation-

9
enforcement framework.

- A popular criticism which has often been levied against
{Eonomic incentives ands in particular effluent charges, is that
they provide a licence to pollute. It is often contended by
legislators and environmentalists that faced with a charges firms

will merely pay the charge and continue to pollute (Kelman, 1981).

The empirical evidences howevers does not support this contention.




-5

Much of the available evidence can be found in studies of a pro-
totype of the effluent charege called sewer surcharéges. The par-
ticulars of this scheme are discussed in the next section,

In one study of poultry processing plants Ioca%ed in various
U.S. cities Ethridege, (1972) found that for every I; increase in

;surcharaerates BOD discharges per 1000 birds fell by .5%. Elliott
and Seagravesy (1972)y in a study of the overall impacts of these
sewer surchareges in various U.S. citiesy also found that industrial
BOD emissions appeared to respond negatively to the level of the
surcharge. A 1% increase in the surcharge rate in a tyepical city
was found to result in a .8% decline in industrial BOD emissions.
Simsy (1979) found considerable abatement responsiveness to sur-
tharge schemes by breweries located in various Canadian cities.

A |% increase in the surcharge rate on BOD would lead to a .573%
decline in BOD emissions from a typical brewery,

Another analogue to the effluent charge scheme is the beveracge
container deposit scheme currently in use in various North American
jurisdictions. This scheme acts like an effluent charge on solid
waste. The deposit paid by consumers is refunded when empty bottles
or cans are returned. Thus persons who add these containers to
the solid waste stream in essence pay a chareées in terms of fore-
gone revenues. Such a plian has been adopted in Oregons where a
deposit of two cents is required on reuseable bottles and five cents
%h all other containers. Various studies suggest that these rather
rimited charges have been aquite effective in Iimitin; the can and
bottle component of the solid waste stream. Ih partigular the
returns of refillable beer bottles has increased from 31% to 96%

of the market. In additions bottle and can litter decreased by
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over 65% in the year after the introduction of this scheme in
Oregon (Anderson et al, 1977, 68-71),

These studies all Dfovide evidence of a substantial respon-
siveness to economic incentivess and in particular Ep various
;analoeues of the effluent charge. Based on this evﬁﬁence ardu=

Epents that effluent charge schemes and economic incentives in
general merely provide a license to pollute seem somewhat ques-
tionable.

With respect to cost effectivenesszo and informational re-
quirementssy it has long been maintained that market-type schemes
and especially effluent charges have advantages over the direct
regulation-enforcement framework.z' The argument that is usually
made involves comparing the cost effectiveness a single effluent
charge and a uniform effluent standard in achieving a total
reduction in the emissions of a particular pollutant. The effluent
charge is adjusted until the required quantity of abatement is
achieved. With the uniform standards total abatement is divided
equally among all of the point sources. Provided all point sources
do not have identical control cost functions the costs of achieving
a given level of abatement will always be minimized with the charEQ.22

There are at least two problems with this argument:

(1) an effluent standard which is cost effective

could obviously be designeds’

(2) the cost-effectiveness of these single price
market schemes disappears when firm |ocatiqn
and pollution dispersion become important as
they undoubtediy are in the real world. -

The first problem ((!) above) impiies correctly that almost

any environmental policy can be cost effective and as a result the
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relevant auestion involves the informational reauirements for such
schemes to be cost effective. If our goal is the reduction of

a particular auantity of a pollutanty (i1.e., for the moment we ignore
problem (2)) then to achieve this with a standard wouﬂd require
;knowledEe of the abatement cost at each point source; Alternatively
ipne could iterate a single effluent charge until the standard is
achieved., Whiles in theory, this does not reauire knowledge of the
cost curves, in practice it probably does. If a charge is set too
high and the polluter is induced to adopt a lasting and incorrect

or inefficient method of pollution abatement the iterations will not
induce an alteration to the appropriate technology for some time.
The costs in the interim could be excessive., Therefore even the
pollution charege scheme reaquires some knowledge of costs.,

In most real worid pollution situations it is not clear that
the appropriate goal is the reduction of a €iven aquantity of
pollution. In some circumstances it may be that the appropriate
goal is a certain level of ambient air qualiity at selected points.
The difficulty with this is that a pound of emissions from various
firms does not have the same impact on air quality at a given
receptor point, The impact of the emissions depends on things like
firm location and meteorological conditions. As a result cost
effectiveness requires spatially differentiated effluent charges.

Where the appropriate environmental goal is an ambient standard.
& uniform charge of the type described above will noty in general,
e cost effective (i.e. the ambient standard will not be achieved
at least cost), There are» however, obvious administrative
advantades to a uniformy rather than a spatially dif;erentiated-

chargde. The empirical evidence on the cost advantagde of a spatially
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differentiated charge over a uniform charge is mixed. Atkinson
and Lewisy (1974) found that incorporating spatial and meteorological
aspects into an effluent charge scheme resulted in substantial
cost savingsy on the order of 50%. Inamore recent itudy Eheart,
é(|980) found that the cost advantage of a differentiated charege
-;cheme over a uniform charge in achieving a uniform standard was
minimal and never exceeded 3% at various levels of disolved oxygen
at a receptor in the Willamette river.23 More work is obviously
reauired on the cost advantage of differentiated versus uniform
charge schemes.

The available empirical evidence doess howevers suggest that
an improvement in ambient quality in a region can be achieved
more cheaply with a uniform charge than with uniform direct controls
(i.e. effluent standards). In a study of the Delaware Estuary
(Kneesey 1977) it was found that the cost of achieving an ambient
water aquality standard of 3-4 ppm of disolved oxygen was $20 million
annually with uniform treatment (i.e. the same percentage reduction
at all point sources). Whereas with a uniform effluent charge the
same ambient water aquality level could be achieved at a cost of
$12 million per annum.24 Some of the theoretical compiications
engendered by incorporating spatial! and meteorological or hydro-
logical ‘aspects into the environmental goals are discussed in
Tietenberg, (1978;31980).
- Effluent charges are also reputed to compare favourably with
fhe direct regulation-enforcement framework with reeérd to the
impetus for technical advancement (Fisher 1981y 191)F With the
direct regulation-enforcement framework there is no incentive to

reduce emissions below that reauired in the legislation. With an
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effluent chargey howevers» that incentives along with the incentive
to adopt innovations which reduce the costs of achieving a given
level of abatements 1s present. Innovations which allow the
achievement of higher degrees of abatement are advanéaEeous to

ihe firm:» no matter what the current level of emissidns since

;t allows the reduction of the total effluent charge payments.

The hesitancy towards innovation which exists under the direct
regulation-enforcement framework does not appear to be present with
the effluent charge scheme.

It is sometimes argued that market schemes like effluent
charges are administratively infeasible because they reauire con-
tinuous monitoring (Draytony 1978). In facty in actual applications
of effluent charge schemes in Europe and in North America (i.e.
sewer surcharge schemes) continuous monitoring is not employed. It
seems clear that proportional monitoring could be used to determine
a reliable estimate of emissions from major point sources. There is
always some statistically defined optimal sample size depending on the
distribution of emissionss» the variance of the distribution and the
reauired degree of agccuracys which when collected will provide a
dependable estimate of the total cuantity of emissions from a par-
ticular point socurce. One might even aregue that if continuous
monitoring is ever reaquired it would occur with effluent standards
which are set in concentration terms. If, as seems cleary courts
Eivy fines which are no greater than the damages of pollution offences:s
£Ben in order to induce compliances a polluter must &t caught almost
everytime it is in excess of the standard (i.e. the ﬁ?obability of
being fined must approach 100%). Because in most economic incentive

schemes all that is reauired is an estimate of the overall quantity

of emissions continuous monitoring is not reaquired.
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Also for some types of pollutantssy determining overall
emissions 1s relatively simple. For exampley at a thermal power
plants total SO0, emissions can be calculated given information on

2
the sulfur content of the fuel burneds the amount ofifuel burned

iand the auantity of 502 gathered in pollution controﬁ equipment.
iIhis type of materials balance approach to monitoring is currently
used in Ontario to verify monitoring reports received from various
point sources.

There ares howeversy several practical problems with an effluent
charge scheme. As suggested in the previous sections the charege
may have to be adiusted at regular intervals to maintain a given
effluent standard as growth occurs. If it is administratively

difficult or infeasible to alter charges at regular intervals

this scheme woulds ceteris paribusy lead to a €rowth in emissions

over time (Magat, 1978),

In additions the revenues generated by effluent charges may
reputedly result in various negative local economic impacts. These
local economic effects include plant closingssy production cutbacks:
price increases and layoffs as a result of the effluent charege
payments made by polluters and the resulting cost increases. One
study by Palmer et al (1980) found that the direct regdulation-enforce-
ment framework applied to certain pollutants in a particular region
resulted in aggregate abatement costs of $230 million. A system
of effluent charges reduced the abatement cost of achieving the
?ame quantity of emissions to $110 million. The amount paid by
the firm on remaining emissions was $1400 milliony more than enough

to wire out any advantage the effluent charge created in terms of

lower abatement costs. This may also exeplain industrial opposition

to charge schemes.
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(c) Conclusions: Itseems clear that the type of economic
incentive scheme (i.e. the effluent charge scheme) discussed above
can have a substantial impact on resource allocation and hence on
productivity growth in a firm and within a region. Such a scheme

pot only provides a €reater inducement to abatement,-thus resulting

;n a greater diversion of conventional inputs away from primary

~4

production but also provides a greater impetus to the diversion

of R and D expenditures towards abatement technology. The analysis
here suggests the qualitative possibility of such effects.

Qur concern in the remainder of this study wil! be with the
impact of a tyepe of effluent charge scheme which is current!y imposed
in various Canadian Jjurisdictions on waste emissions)by industrial
polluters,to the municirpal sewer system. An analysis of brewing
firmsy some subJject to this type of charges others subject to little
or no environmental regulationy should provide important insights
as to the likely impact of this type of regulation on productivity

growth., A more detailed discussion of the sewer surcharege scheme

and the form these charges take in various Canadian Jjurisdictions

follows.
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IV. SEWER SURCHARGE SCHEMES IN CANADA

A, INTRODUCTION

An effluent charege is a financial levy which certain firms

must pay per unit of pollution emissions. Economists;areue that

%imposine a price on pollution induces a firm to prevent excessive
_&aste emissions (i.e. to abate pollution). They also argue that
effluent charges are superior to other administrative techniaues

such as pollution standards or subsidies. Despite this egeneral
acceptance by economistss effluent charges have not historically

been a maijor component of environmental programs in Canada. Re-
cently howevers the idea of charging for pollution has been instituted
in several jurisdictions, These charges have generally been based

on the emissions of industrial polluters into sanitary sewers.

This section describes and compares sewer effluent charge
schemes currently in use in Canada. The Jurisdictions surveyed
include Winnipegs Manitobaj Edmonton and Calgarys Albertai and
Londony Kitchener and Torontos Ontario. While this does not
represent an exhaustive list of Jjurisdictionss» which have instituted

sewer effluent chErEes, it does include those areas, which have had

the most experience with them.

The sewer effluent charge schemes currently used in Canadian
jurisdictions generally involve two components: a sewer service
ctharge and a sewer surcharége.
- The sewer surcharge is a unit chargde levied against "extra-
;Treneth" emissions by certain industrial polluters.% "Extra strength"
emissions are those which exceed certain legislated kimits on

concentration. For examepley the allowable or legislated level of

biochemical oxygen demand (BOD) in London, Ontario is 300 parts per
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million (ppm). This means that for every million pounds of sewage
emitted a surcharged firm can dump 300 pounds of BOD into the
sanitary sewers without any surcharge payment, If a firm's
average BOD concentration in its waste emissions was%450 pPMy a
;urcharae would be paid only on 50 pounds of a total of 450
zounds emitted for every million pounds of sewage discharded. The
total surcharge paid by a representative firm is determined by
multiplying the surcharge rate times the volume of waste emissions
(or some proxy for this volume) emitted into the sanitary sewer
system. The surcharge rate is based on the streneth of certain
pollution parameterss» such as BODy» suspended solids (SS)y grease
and phenols, above the legislated or "normal" concentrations. This
is eaquivalent, as will be shown in secfion By to levying a charee
per pound of "extra strength" poliution.

The sewer service charge is a charge levied to cover the
costs of treating "normal" strength wastes.25 This charge 1is
normally paid by all users of the sanitary sewer systemy» including
residential households. In most cases these charges comprise
either part of the polluter's water bill or part of his property
tax rate. At any rates unlike the surchargey it does not
necessarily vary with the pounds of waste emitted. For examples
assume a sewer service charge of $.28 per |000 gallons of water
consumed in a particular Jurisdiction, say Londony» Ontario., If
tWo firms each consumed 20 million gallons of water their sewer
s?rvice charges would be eaqual at $5+600 per annum. %Yet if the
concentration of BOD in waste emissions was 250 ppm fpr firm | and
300 ppm for firm 2y then firm | would be emitting 50,000 pounds of
BOD while firm 2 would be emitting 60,000 pounds of BOD. Neither

firm would pay a surcharege,
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In the remainder of this section sewer effluent charee

schemes presently being administered in Canada will be described

and compared.

g. A SURVEY OF JURISDICTIONS

(1) London, Ontario

The sewer effluent charge scheme in London Ontarioc was instituted
in March 1971 with the passing of by-law W-731-137, This provided for
sewer surcharges on industrial waste emissions into the municipal
sewerage system, In May 1974 the surcharge formula was amended
with the passing of by-law W-73((a)-268.

The London scheme provides only for the payment of a sewer
surcharge by certain large industrial polluterss with sewer service
or rental charges on normal strength wastes paid with property
taxes.

The surcharge in Londons Ontario was imposed on the emissions
of biochemical oxygen demand (B0OD) and suspended solids (SS) by
large industrial polluters. In additiom26 certain standards have
been set with respect to fatss oilss greases temperature, pHy etc.
that are discharged in sufficient quantit? to interfere with the
sewage treatment process. The charges for BOD and SS are imposed
for dischareges with concentrations in excess of 300 and 350 parts
per million (ppm) respectively. As a result of allowing emissions
with concentrations below a certain level frees» charges like the
ones imposed in London are called surcharges. Section 3(g) of by-
law W-731-137 for the city of London states: =

"If the discharge of wastes are of such unusual ;treneth or
character in respect to biochemical oxyegen demand (B0D) and/or

suspended solids (SS)y that compliiance with this by-law 1is not
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possibles the Corporation of the City of London may agree to
supply special treatment, subject to payment therefore as provided
in section 7y hereof."

Section 7 outlines the charege (or surcharege) im?osed on

:excess strength waste. The charge attempts to cover;the costs of
3reatine these excess strength industrial wastes at the sewadge
treatment plant. In the legislationsy no emphasis was placed on
the deterrent aspects of the surcharge with respect to industrial

emissions.,

The formula outliined in section (7) and in effect prior to

1974 was:
SCH, = (1/2)4(C/10ba) (104, w, /10°) .
+ (C/10sa) (101w /1022
where C is the average cost of operating the sewage treatment

plant for the previous 3 vears in dollars;i

b is the weighted average BOD in ppm of influent flows
to the sewage treatment plants for the previous year,
less |5 pPmj

s is the weighted average of SS in ppm of influent flows
to the sewage treatment plant$ for the previous vyear,
less |5 pemi

qQ is the total flow to the sewage treatment plants for
the previous vyear in millions of gallons (m.g.)}

w4 is the waste flow in gallons per annum to be used in
the levy against firm i3

ib is the 5 day BOD in ppm at firm 1 determined from

composite samplessy minus 300 ppm}§
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is is SS in ppm at firm i determined from composite
samples, minus 350 pem;
and SCHi is the annual levy against firm i in dollars.
From this formula the charge in dollars per pou&d of pollutant
{BOD for example) ist 1
x = (1/2)(C/10ba) (2)
where 1/2 represents the portion of treatment costs aliotted
arbitrarily to the treatment of BOD}
0 is the approximate number of pounds in an imperial
gallons
and x represents the estimated cost per pound of BOD
treated.
The number of pounds of BOD that firm i must pay the charege

on is determined according to:

G ! (O _ 6
Vb = (IOlbwi/IO ) = (bodi 300)(I0wi/I0 ) (3)
where ib = bodi -300y and bodiis the average concentration of BOD

emissions from firm i in ppm}
and Vi is the number of pounds of BOD discharged for

which firm i must pay a charge.
According to the formula for V;- each firm must pay only for
emissions with BOD concentrations in excess of 300 ppm.27 This is
equivalent to allowing firm i to emit zy pounds of BOD free of
charge» where:

z, = 300(l0wi/I06) (4)

f}us if firm i discharges 2 million gallons of water fer annum it
could theoretically emit 6000 pounds of BOD to the sewer system

without incurring any sewer surcharege costs.
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After 1974 the surcharege %ormula used in London was changed.
le the new surcharge is based on a charge per unit volume of
1g€es it can be shown that this new formula is merely a variant
‘he "old" formula. One can thus still determine ? charge per

ind of BOD and per pound of SS. *
The new surcharge formula which came into effect in London
974 with by-law no., W-731(a)-268 is:

SCHi = ai{fb(Bi-Bm)ﬂBm)*fs(Si-Sm)/(Sm)}(TO/IOO) ({839)

! Q. is the auantity of sewage in thousands of imperial

i

gallons dischareged by firm i3

is the proportion of costs allocated to the cost of

reducing BOD (Note: in London fb is assumed eaqual

to .5}3

f 1is the proportion of costs allocated to the cost of
reducing SS (Notet: In London fs is assumed equal
v 3

B. is BOD in ppm determined from composite samples
from firm i3

S, is SS in ppm determined from composite samples
from firm i}

B_is by-law maximum [|imit BbD = 300 ppmj

S is by-law maximum limit SS = 350 pemj

T is the operating costs of sewage treatment, in cents
per thousand imperial gallons of sewages» based on the
costs for the vear for which the surcharge is being
leviedi d

SCHi is the annual levy against firm i in dollars.




This is to be compared with the old surcharge formula. In

the old formula:

= 3 6
Qi = 10 wi/lO ) (6)

- >

Therefores

SCH. = f (B.-B (T /105 ¢10%/B y(w./10%) 10
i b "1 "m 0 m i
(7) =
2 2 )
+ fs(si-sm)(To/IO Y10 /Sm)(wi/lo YI0)
In the old formula:
|03Toa/102= c (8)
Therefore:
T0 = C/10qg (9)
Hence:
=. . 6
SCHi = fb(C/IOqu)(I01bwi/lO )
+ f (C/10S_a)(i01 w./|06) (10)
[ m b1
where fb = fs = /2
1b = Bi-Bm
ih B=IS) SIS
(3 i "m

Therefore the only difference between the new and old formulae
is in the substitution of Bm and Sm for b and s respectively.
Since these are variables over which individual firms exhibit no
controls it is not expected that the allocative effect of the
formulas will be dissimilar.

On the other handy in vyears in which Bm>b and Sm>s the implicit
cﬁhrEe per pound of BOD and per pound of SS will be lower under the

new formula, ceteris paribus.

It may be argued that since Bm and Sm are more sfable magnitudes
than b and s this change introduces more stability into the charge

per pound of pollutant from year to vear.
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From equations (2) and (9) we can see that:

EC_ = f (T _/B.)
b b o' "™m R
ECs = fs(To/Sm)
where ECb is the implicit charge indollars per pound-of extra-

strength BODS

and ECS is the implicit charge in dollars per pound of extra-
strength SS,

In 1982 the charges in London per pound of BOD and SS were:

Ecb = (1/2)(42.0 /300) =7.0¢
ECs = (1/2)( 42,0 /350) =6.0¢
where fb = fs = 1/2
T = 42.0
(o]
Bm = 300
Su =2 350,
m

(ii) Winnipegs Manitoba
The first sewer effluent charge scheme in Canada was instituted

in Winnipegy Manitoba on January |y 1958. By-law 80 provided

effluent charges for industrial waste emissions to sewers or rivers
within the district. 1In addition by-law 65 set the following limits
on various pollutants: 300 parts per million (ppm) for BOD, 350 pPm
for SS, ;nd 00 ppm for grease. As a result of establishing a
metrorolitan government these by-laws were incorporated into by-}aw
F2 in 1961. Further changes were made in 1967 with the adoption

of by-law 1239,

The Winnipeg scheme provides a sewer service chérée based on
the annual capital and operating costs of treatment facilities
per 1000 gallons of sewage treated. This charge is paid on
metered water consumption.

The surcharge scheme is applied only to certain industries
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in Winnipeg. The surcharge is paid only on extra strength wastes
i.e. those emissions with concentrations of BODs SS and grease in
excess of 300 ppmy 350 ppm and 100 ppms respectively. In order to
gain permission to emit these extra strength wastes a firm must
first obtain a license» which reauires that a firm ful%ill certain

canditions outlined in the by-laws.

- The total surcharge for a representative firm is determined

as follows:

SCHi = &.R, (12)

where ai is 1000's of imperial gallons of sewage emitted into
the sanitary sewers by firm ij§
Ri is the surcharge in cents per |000 imperial gallons
of emissions by firm i}
and SCHi is the total surcharge in cents paid by firm i,
The surcharge rate is determined as follows:

R: = {f . (B. =B )/(B 1 * § (8 _=8_J)/(8 JIFT
i"m m s 1 "m m o

2 2 QEY
+ (Ci~CmY%/(Cm) + (Xi-Xm)Tx/(Xm)
where f +f sB.+B +S.y and S _, are defined as in the London
B s i m Al m

surcharge scheme?
T is as defined in the London scheme but also includes

some of the sewage treatment plant's capital costss’

C. is the chlorine demand in ppm in the industrial wasteize
C 1is the chlorine requirement in ppm in the sewacge
serving as base or normals
X. is any substance (for example, grease) requiring add-
itional treatment in pPpm in the industrial waste!
X 1is the base or normal concentration of Xi in pPm}

T 1is the unit charge based on the cost of required chlorine

as set out in the allocation and precepts by-law}
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Tx is unit charges based on cost of treating any substance
requiring additional treatment.
This formula is similar in structure to that of London, Ontario
and thus the surcharge could be stated implicitly as a charge per
pound of the.various pollutants. In Winnipeg in |982 3hese

i@plicit charges per pound of BOD and per pound of SS Wwere:

-4 Ecb = fb(To/Bm) = .50(13.1/300) = 2.18¢
ECs = fs(To/sm) = 250635350 = 11487
where fb = .50
f = .50
[
T = I3l
0
B = 300
m
S = 350
m

(iii) Kitcheners Ontario

The city of Kitchener first imposed a sewer effluent charege
scheme in 1972 by passing by-law 7439, The scheme is now controlled
by the Regional Municipality of Waterloo under by-law 29-73 and is
being expanded throughout that region.

The Kitchener-Waterloo scheme is an exact replica of the
Winnipeg scheme except that the surcharge is based only on BOD and
SS.29 As with the Winnipeg scheme there is a3 sewer service charege
based on water consumption and paid with the utility bill. The
sewer service rate in Kitchener in 1975 varied from 34.9¢ to 50.6¢
ne} 000 egallons of water consumed,Bo but now is calculated as 100%
of a firm's water bill, =

The authorities in the Waterloo region monitor eath surchargeable

firm's waste emissions twice each aquarter.

In 1982 the implicit charges per pound of BOD and per pound of

SS were:
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CILI2Y (36. OM/I00) 6.01¢

ECb

EC
3

(1/2)(36.07/350) Sl S

I}

(iv) Edmonton, Alberta
The sewer effluent charge scheme in Edmonton consists of both

-

a "sewer service charge and a sewer surcharege, The sewkr service

ciarEQ is levied per 100 cubic feet of water consumed and is levied
m;;thly with the water bill. The sewer surcharge affects only cer-
tain industrial polluters. It was introduced in December 1959 in
by-law 1978. The charge was levied only if concentrations exceeded
limits set out in section 506 of this by-law. Initially these limits
were 1000 ppm for BOD» 750 ppm for SS and 300 ppm for grease and oil.
If any of these limits were exceeded the polluter was chareed
N x 6¢ per 100 cubic feet of water consumed where N is determined
as follows:
Ne= | $ (X/3000) &« (y/2290) € (Z/900) (14)
where N is the multiplier of the standard 6¢ rate for wateri
x is the difference between the actual BOD in ppm and the
allowable BOD in pPm}
y is the difference between the actual suspended solids in
ppm and the allowable suspended solids in ppm3
and z is the difference between the actual grease in parts
per million and the allowable grease in pPm.
Note that the addition of one to the right-hand side of the
equation indicates only that surcharged firms also pay the sewer

—

service charege.
In 1960 the allowable concentrations of pollution jell to 700
ppm for BOD, 400 ppm for SS and 200 ppm for grease. In 1975 these

were again amended to 500 ppmsy 350 ppm and 150 ppm respectively.

Currently the al!lowable concentrations are 300 ppmsy» 300 ppPpm and
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{00 ppmy respectively.

In 1974 the form of surcharge formula was changed with the

passing of by-law 4264, For every pound of BOD beyond the limit

outlined a charge of |.4¢ was to be ilevied. Similarly for SS and
grease the charge was 0.45¢ and 0.60¢ per pound respecftively.B| The
cur;ent rates for BODy» SS and grease respectively are |;77¢v.57¢ and
.76%. The poundage to which these rates are applied are calculated
for each coﬁoonent as follows:
(component tested - component allowed) x water consumption
x 62.29/10° (153
where component tested is the result of sewage sample tests
in ppmj
component allowed is allowable limits in ppmi
and water consumption is the total amount of water
consumed in cubic feet.
Note that 62.29/I06 converts water consumption from cubic feet
to millions of pounds.
Monitoring of an industrial point source in Edmonton takes place
approximately four times per month. These are either 24 or 16 hour

composite samplies.

(v) Calegary, Alberta
Calgary has had a sewer effluent charge,» made up of a sewer
service ﬁhérEe (72% of the water bill in 1982) and a sewer surcharge,
since 1958. By-law 8718 passed in January 974 ?efined the current
su;EharEe scheme.
A According to section 16 of this by-law the limits on BOD, SS and
grease are 300 ppmy 300 PPy and 100 ppm respectively. :The surcharége

is determined as follows:

Ri = .123B + .1365 + .1436 (16)
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where Ri is the surcharge rate in ¢ per 1000 gallons;i
B is the actual concentration of BOD emissions in ppm
minus 300;
S is the actual concentration of SS in epm minus 300;

and 6 is the actual concentration of grease. in ppPm

-

T minus 100.
Ri:is multiplied by the monthly gallonage of water consumed by the
particular firm and is paid with the utifity bill.

These charges can be stated per pound of BOD. In order to
facilitate this one must first express eauation (16) in a formsimilar
to the London or Winnipeg surcharge schemes. Now: |

o 6
SCHi = Riwi(62.29)/IO

(17
wi(62.29) B
= __—_TBZ_-——{'IZB(Bi-Bm) * .|36(Si-sm) + .|43(Gi-Gm)}
where SCH.» B.y B.y» S.» S and T_ are as defined in the London
i i i i m 0

surcharge schemes
Gi is erease emissions in ppm by firm i3}
and Gm is the legislated limit on grease (100 ppPm).
Under a London-type scheme in which BODs» SS and grease are surchareged:
Ri = To{fb(Bi-BmV(Bm)+ fs(Si-Sm)/(Sm) TG
+ fE(Gi-Gm)/(Gm)}

wvhere fs' f_ and fE are the proportion of sewagde treatment costs

b
attributable to SSy BOD and grease respectively.

Therefore from (17) and (i8):

- . 123

beo/Bm

2 « 136 fsTo/sm (19)

. 143 = szo/Gm -
From eaquation (I11) these are shown to represent implicit charges in

dollars per pound of BOD, SS and €rease emitted.

In additions we know that:



fE = it fs = fb
B =6 = 300
m m
and 6 = 100
m

It can thus be shown with the aid of (19) that:

) fS = .4435 -
3 fb = L4011 :
- fg = .1554

and T0 = 92.0¢

Hence from equation (1l) the charge per surchargeable pounds of

BODy SS and €rease is:

ECb = 12.3¢
ECs = 13.6¢
ECg = 14.3¢

The Calgary scheme does diverge from the previous schemes in
at lease two ways. Section I8 subsection 2 of the by-law states that
if a firm installs pollution abatement equipment the city may refund
up to 50% of the sewer surcharges paid over the previous three vears.
The amount of this refund is limited however,» to the amount of the
carital costs of the new facilities installed. While this is meant
to be an additional incentive for abatement its probable effect is
to induce capital intensive abatement techniaues which may indeed be
inefficient.

In addition,with respect to monitoringssamples are taken on a
quarterly basiss but a great deal!l of reliance is placed on sampling
doﬁi by the firms on their own wastes.

(vi) Toronto» Ontario

The sewer effluent charge in Toronto is based primarily on a
sewer surcharge with payments for treatment of normal waste concen-

trations being levied in property taxes. Municipalities in the Metro
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area have had experience with surcharges since 1967. The 1977
limits on the emissions of waste in Toronto as stated in by-law 2520
were 500ppm for BOD, 600 ppm for SS, 150 pem for grease and | ppm
for phenols. The current surcharge formula is:
Annual Surcharge = VxFxGxC
wh;re V is the volume of annual plant discharege i% gallonss
4 F is a8 factor converting ppm into pounds per gallon = I/IOSS
6 is the excessive concentration of SS (S)y €rease (G)»
BOD (B)s or phenols (P) in ppm whichever is g€reatest
in excess of their respective by-law limits}
C is the cost in dollars for treatineg excessive

strength wastes, G ($.0639 per pound in 1980),

As is obvious this scheme diverges from the other Canadian schemes

in that it imputes a charge based only on that component which is
greatest in excess of its legislated limit., The effect of this is

to exaggerate any inequities inherent in the other surcharge schemes.
For example assume two firms in the Toronto Jjurisdiction emit the
same volume of waste but that the concentration can be represented

as follows:

FIRM S$S (Si) BOD (Bi) GREASE (Gi) PHENOLS (Pi)
(ppm) (ppm) ' (ppm) (pPm)
| ‘ 1000 600 0 0
2 1000 890 500 250

In-this case both firm | and 2 would pay charges on 400 ppm of SS,
since this component exceeds the by-law limit by the largest amount
(460 ppm). Both firms therefore pay identical surcharge bills vet
it is obvious that firm 2 is receiving far more waste disposal
services than is firm |I.

Monitoring of wastes in Toronto takes place about six times per vear.
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c. AN EXAMPLE

Table | summarizes various similarities and differences in the
sewer effluent charge schemes of the six jurisdictions. All of the
variables in this Table are defined in the relevant sub-sections

above. -

In many Jjurisdictions there are differences in surcharege rates
and in the free base level of emissions allowed. 1In order to
emphasize these differences an identical "representative" firm
was assumed in each of the six Jjurisdictions. It is assumed that
the emissions of this firm contains 1200 ppm of BOD and 700 ppm of
§S. In addition the "representative” firm's water usage or demand
is 50 million imperial gallons per annum and it emits 45 million
imperial gallons of waste to the sanitary sewer32 per annum. The
differences in the total surcharge this firm would pay as well as
the different amounts of pollution it would be allowed to emit

free of charge in the various Jjurisdictions are summarized in

columns 6 and 7y respectively of Table 1I.

D. CONCLUSIONS

This section has provided a survey of sewer effluent charege
schemes in various Canadian Jjurisdictions. While the schemes seem
to vary widely in form it has been shown that in content they are
very similar,
The characteristics of these schemes which are common to-atll
six—jurisdictions include the following:
I- All sewer effluent charge schemes involve charges on wastes
of normal concentrations called sewer service Ar rental charsges,
which are paid by all users of the sanitary sewers. In

addition, sewer effluent charges consist of sewer surcharges:
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which are paid only by those industrial polluters that
emit extra-strength wastes.
2- Sewer surcharges are imposed only on wastes that exceed
certain legislated limits or normal waste concentrations
for various pollutants. For waste emissions éith

concentrations below the legislated Iimit no QurcharEe is
imposed.

3- All surcharge schemes can be defined in terms of implicit
charges per pound of surcharged pollutantsy even though most
current schemes are based on chareges per unit volume of
sewage dischareged.

Also certain dissimilarities in these schemes can be identified:

a) The Toronto surcharege scheme unlike the other schemes bases
its charge on the maximum of (Bi-Bm) or (Si—Sm) or (Gi-Gm)
or (Pi—Pm) where the bracketed expressions represents the
difference between actual and ledislated concentrations of
BODs SS» €rease and phenolss respectively.

b) In Edmonton and Caleary the surcharge rate per 1000 gallons
is determined in a manner similar to that of other Canadian
Jurisdictions. Unlike the other Jurisdictionss however:
these rates are appiied to total water use rather than to the
total volume of emissions to the sanitary sewer. For some
iﬁdustries these two magnitudes will diversge.

c) In Calgary, Alberta there is a rebate scheme by which up to
50% of the sewer surchargepayments made over the previous three
years may be refunded depending on improvements in abatement
efficiency. This is limited to the amount of {he capital
costs for new treatment facilities installed.

d) In many jurisdictions there are dissimilarities in surcharége

rates and in the free base level of emissions allowed (see Table |).
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V. DATA REBUIREMENTS, SOURCES, DEFINITIONS AND SAMPLE
CHARACTERISTICS

A. INTRODUCTION

In this section we outline the reaquirementss sourgess definitions
and sample characteristics of the data used in the empfrical portion
of-this report. The data collected are quite comprehensive and are
certainly sufficient to provide many useful insights into productivity
and regulation within the brewing industry. Wwe begin with a discus-

sion of the data requirement for modelling brewing in regulated and

unregulated municipalities.

B. DATA REAUIREMENTS FOR MODELLING BREWING IN THE PRESENCE OF
REGULATION

As was pointed out in section IV most if not all sewer surchareges
in Canada can be modelled as prototypes of the Winnipeg or London
schemes, Using the London variable definitions (see section IV.B(1i))
a surcharged brewing plant's total costs (TC) could be written as
follows:

TC =2+ P, W+ SCH ‘ (20)

wheresy Z represents labours capitaly energy and raw materials costs
of a brewerysi
P is the price of water per million poundss’
W 1is the water purchased by the brewery in millions of
poundss and
SCH is the surcharge on waste emissions by the brewery.

In addition»

and




-54-

where» V is the amount of wastewater emitted to the sanitary sewers
in millions of pounds by the breweryi
wo is the remainder of W which can reasonably be considered
as entering the brewery process as 2a materﬁal input?i

R = {fb(Bi-Bm)/(Bm) + fs(S -Sm)/(Sm)}(TO/IOO) s

i
is the surcharge in dollars per 1000 gallionsi and,

8 1is 1000's of imperial g2allons of sewage emitted to the
sanitary sewers by the brewery [(8/100) = V].

Thus we can rewrite equation (20) ast

e = 2!

PwV + (QIIOO){(beo)/(Bm)[Bi-Bm] ¥ (fsTo)/(Sm)[Si-Sm]}

PwV # V{ECb(Bi-Bm) * ECS(S

i-sm)} (21)

where Z' represents the cost of the water augmented (wo) materials
agegregate’ and
ECb and.ECs are as defined in section IV(b).
For simplicity we can rewrite the total cost function as:

TC = Z2' + BN (22)

where P6 is the aquality adiusted price of sewage containing BOD and
SS from the brewery.

Thusy

P = - -
& Pw ) ECb(Bi Bm) + ECS(Si Sm)

and,

PsV (Pw * ECme - ECsSm)V + EC_+BOD + ECS'SS

b

va % ECb'BOD + ECS'SS

wherey BOD is the total emissions of BOD in pounds to the sanitary
sewer by the brewery?
SS is the total emissions of SS in pounds to the sanitary

sewer by the brewerys
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P = (P - EC,B - EC S ) is the implicit non-quality-adiusted price
v w b m s m
of V to the brewery.

Pv represents the price the brewing firm pays to purchase an
additional million pounds of water for use in washing a €iven amount

of-B0OD and SS to the sewer system, It includes the price of water,
Pwi minus the reduction in surcharge costs which result from lowering
the concentration of waste emissions. For exampies with respect to
BODy if in a given Jjurisdiction emissions with a concentration of

300 ppm are not surcharged (i.e. Bm = 300) then for each additional
one miflion pounds of water used to wash away wastes with a given
waste load (i.e. pounds of BOD) to the sanitary sewerss, 300 additional
pounds of BOD will not be surcharged. This represents in essence a
bonus for water use of 300 ECb or BmECb. The same argument applies

t8 S§-

The price of a unit V (i.e. one million pounds) emitted to the
sanitary sewer system in surcharged Jjurisdictions iss howevers higher
than va since it also depends on the strength of wastes (i.e. BOD
and SS) in emissions., That iss, the price must be adJusted33 based on
the aquality of V. This is precisely the price Ps‘ It should be noted
that in an unregulated jurisdiction Ps = Pw'

Thus in the procedure adopted for modelling the brewineg
industry the pollution charges enter indirectiy through Ps and firms
are expected to respond to chaneges in effluent charges and hence in
Ps; by reducing their emissions to sanitary sewers.34 Ps is smallery
ceferis paribuss in unregulated Jjurisdictions.

In summarys a considerable amount of data is required in order

to successfully study the brewing production process within a market

setting (where market information on prices is incorporated to improve
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the efficiency of estimated production characteristics). In what
follows /e will describe the sources and types of information used
to construct the data set which we used to estimate characteristics

in the brewing production process. N

C.i SOURCES
) The data were collected from three maior sources. With the per-
mission of two brewing companies we obtained copies of the confiden-
tial plant level data collected by Statistics Canada in the vearly
Census of Manufacturers of breweries. A second set of plant level
data was obtained by circulating a questionnaire to the breweries.
Supplementary production and financial informafion as well as insights
into the major characteristics of the brewing process were obtained
in follow-up conversations with the breweries officials. The pPro-
duction.and financial data were complete for four piants for a period
of ten vears (1971-1980). The last set of data was obtained from
municipal authorities with the permission of the breweries. The
municipal data includeds by plant: water uses quantities of emitted
pollutants and the respective water and sewer surcharge rates.

(i) Census Data

Each vear brewing plants in Canada are required to complete a

form summarizing aspects of their economic activity. An example of

this form for 1975 can be found in the Appendix at the end of the report.

Information from this form has been used to construct time series of
economic measures of several inputs and output for the sampled
plants. Over time the Statistics tanada auestionnaire has changed.
One example of this is the introduction of the metric ;ystem in

1979. Considerable effort has been devoted to correcting for

all changes in reporting reauirements. In what follows we summarize
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the constructed variables in reference to the attached census form
for JS7S.

(a) Output

Two measures of output were obtained from the census data

TQ} first is given in section 6.10.2 as the total numbér of gallons
br;wed during the year. Howevery not all brewed beer is shipped

and it is therefore useful to consider section 6.10.6 which provides
information on the shipments of brewed products produced by a given
plant. Some brewed products evaporate or are otherwise lost and some
€o into inventories. Since our labour data is not disagegregated
between brewing and packaging operationss the choice of the appropriate
output measure is potentially important. Fortunately, there is a
strict proportionate relationship between the output measures where

shipments are invariably 99% of total brewed products. A simple
regression of shipments on a constant and brewed output confirms that
up to this known factor or proportionalitys the choice of an output
measure between shipments and total brewed products is not an important
issue. We chose to work with shipments.
(b) Labour

Section |4 of the census form provides detail on labour services.
In particulars section 14.1.2 provides total manufacturing labour
salariess hours worked and number of emplovees. In this study we are
interested in manufacturing labour only and ignore the input of
administrative staff. Our initial thought was to measure labour input
by-total hours worked thereby including intensity adiustments. Un-
foétunatelys there were several reporting errors and inconsistencies
in these data which could not be corrected. Fortunately, an accurate

time series on total emplovees could be constructed for each plant.
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In the empirical work total labour is therefore 2iven by the total
number of employees and the price of labour is given by the ratio of
total waeges to total labour.

(c) Eneregy

-

~

- The sampled brewing plants meet their energy reQGirements using
a’variety of fuel sources (natural gasy» light and heavy fuel oils,
diesel fuel and liquid propane) and electricity. Section 5 of the
census form provides quantity and cost information on these sources.
An aggregate index of energy input was computed by first convertineg
the fuel auantities and electricity into their BTU use eneregy
equivalents and then adding these BTU aquantities tOEether.' The
aggregate energy price index follows by dividing total energy costs
by the input index. The BTU use energy equivalents for the various
fuels and electricity were suppiied by Energy, Mines and Resources:
Canada.
{d) Materials

Section 6 of the census form provides a detailed breakdown of
quantities and cost of raw materials, packaging and sundry materials
used in the production process. Over ninety percent of the raw
materials costs arise from the purchase of barley, malty corn and
hops. The remainder are generated by the purchase of various
chemicals. The quantities of these raw materials were found to
follow essentially constant proportionate relationshieps and it was
therefore possible to construct an accurate index of total raw
materials aquantities. Unfortunatelys quantity information could not
be obtained for packaging and sundry materials. Thus only raw

materials were used. The price of materials was obtained as the

ratio of total raw materials costs to the aquantity index. As will
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be discussed laters the raw materials price and suantity indices are
subsequently combined with brewing retained water to provide a more
composite materials index.
(ii) MBuestionnaire Data
The circulated questionnaires provided many impogjant pieces of
i&iormation for characterizing the production process. Perhaps the
g most important information was that which allowed us to construct
the capital series for the plants.
(e) Capital
Although the economic and financial concepts of capital are -
not completely reconcilabley the breweries were able to supply us
with enough financial and engineering-study information to allow the
construction of a capital stock time series for each plant. The
constructed capital index measures the plant and eauipment replacement
costs in constant 1971 prices. The opportunity (user) cost of
carital taken as the yearly factor price of capital was obtained
from the Economic Council of Canada's Candide Model. This series
was constructed using the Jorgenson-Hall methodology whereby real
after tax interest rates, depreciation ratess tax incentives and the
capital gfoods price index are combined to estimate the opportunity
cost associated with employing another unit of capital.
5 (iii) Municipal Data
In what follows the data supplied by the municipal authorities
and used in the regulation modelliing is described.
(f) water
From all municipalities we obtained data on water inflow and

total cost for the water. Water prices were calculated as the ratio

of the total cost to volume. This data was generally consistent with




the water information available in section 6.1.33 of the Census of
Manufacturers questionnaire but was more complete (Census data on
quantities were not collected after 1978) and,» we felts probably more
accurate. Some plants suppliement their municiral watér with well
wdter. This however was found to be negligible and was not included >
in the analysis.
(g) Emissions

From those municipalities with regulation schemes in place we
were able to obtain the monitored volume of waste-water emissions.
The municipalities sample these emissions regularly and on the basis
of estimated concentration of BOD and SS and the legislated surcharge
schemes described eariiers they bill the breweries. For the period
1971 to 1980 we obtained sufficient information to calculate BOD and
SS aquantitiess their associated unit charges and the per base (un-
charged) discharge amounts. With this and the water information we
were able to construct an index of emissions ands the auantity
adjusteds price index of these emissions described above.

The volume of emissions falls short of the volume of water intake.
This shortfall represents water which is used as a material input into
brewing., Relative to emission and, thus to intake, this quantity is
very small. Nonethelesss it was combined with the raw material index
described ‘above to provide a composite Divisia materials' index. For
some plants the difference in water intake and outflow was not available.
Hoﬁever; it was found thats for those plants where the information was

availables the difference was alimost always 3% of output. Thuss

these differences were estimated on the basis of this relationship.
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D. SAMPLE CHARACTERISTICS

(i) Composition

Originally we had hoped to have complete data on a total of nine
plants from three breweries. Unfortunately, one brewery decided 1t
cq;ld not meet the time constraints of the study and d;cided not to
provide any data. The other breweries were most helpful in supplying
the requested data on their plants. One plant however reported the
consolidated activity of two plants and since we were unable to dis-
entangle the informations this plant had to be dropped from the sample.
Alsosy one plant had data for only 4 vyears in the sample. Given the
estimation restrictions imposed by the computer package (TSP) it was
not possible to incorporate this partial information. In addition:
there was no surcharge scheme in this municirality.

In summarys our sample consisted of ten vears of data for each
of four plants. Of these four plantssy two were located in munici-
palities with surcharege schemes and two were unregulated. The annual
outputs of the plants ranged from one to fifty million gallons.

(ii) Behavior of Factor Shares in Total Cost

As noted aboves the maior imputs into Erewina and those for
which we have coflected data include: labours capital,» energy,
materials and emissions. The prices of these factors were constructed
as indicated above and a total cost variable was constructed as the
sum of the individual factor costs. The sample averages for the cost
sh%re of labours capitals energys, materials and emissions were
re;pectively: .193, .616s .023y .162y .006. The energy share doubled
for almost all plants in the ten sample years with maior increases
coinciding with energy price increases in the early 1970's. Finally,

the materials and carpital shares displayed a very interesting inverse
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pattern of behavior. In particulary the materials share was much
higher and the capital share much lower for plants producing larége
quantities of beer. A reasonable explanation for this behavior might
be that materials are extremely price inelastic. This would not be
ifconsitent with the materials balance restriction whiih the data
should satisfys - namely that the output mass cannot exceed the mass
of materials input. Similarlys» the decline in the capital cost share

would not be inconsistent with significant scale economies arisinég

largely through the capital input.,
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VI. MODEL SPECTFICATION AND ESTIMATION

A, INTRODUCTION

In this section we specify and estimate a model of the brewinsg
prpduction technology. Our goal is to determine whats-if any, effect

regulation has uPpon sewage discharges (V) and upon the-rate of pro-
ductivity growth. We begin with a brief description of the brewing
process and then proceed to specify the econometric cost model which

will be used to study the characteristics of the underlying production

process. We then present the estimated results.

Bj< AN OVERVIEW OF BREWING

(i) The Brewing Process

Brewing is essentially an assisted natural process which combines
five ingredients: bariey malt, adjunct material (such as corny rice
or wheat), waters hops and veasts to produce the final output: beer.
The primary ingredient is barley malt which is barliey that has been
allowed to germinate and €row to a Iimited extent. Kiiln drying is
used to prevent growth bevond the desirable level.

The barley malt is screened and crushed before being mashed with
water. This mashing process takes place in a mash mixer or mash tun.
During this process the malt enzymes break down the malt starches35
to sugars.and the complex proteins of the malt to simpler nitrogen
compounds. After this stage is complete the mash is transferred to
a straining or "lautering"” vessel. The liquid extract or "wort"
drains through the bottom of the ftauter tub into the brewing kettle
where it is boiled for abour two hours after the addition of hops.-°
This boiling serves several purposes:

(a) to concentrate the wort to the desired specific

gravitys
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{b) to sterilize the worti
(c) to obtain the desired extract from the hops)
(d) to destroy undesirable protein substances which

have come from the mash tun.

-

After this procedure the hops are removed by passing the wort through )

a ;hon Jack" or separator to remove the hops and the "trub" or protein

which has precipitated during the boiling. The wort then Proceeds

to the hot wort tanks, where any remaining trub is removed by settline.
The wort is then cooled and moved to the fermenation vessels

37 The fermentation lasts about seven days after

where veast is added.
which tﬁe veast is removed - by skimmineg for top fermentation or by
pumping off the beer for bottom fermentation - and for the first time
the liaquid is callied beer. It is during fermentation that the veast
converts the sugar in the wort to carbon dioxide and alcohol.

After fermentation the beer is cooledy filtereds polished and
aged for 3-5 weeks. The beer is then finally either bottled and
pasteurized or placed into kegs. Pasteurizing increases the shelf
life of beer. Since draught beer is sold within a few days,» the kee
beer is not pasteurized.

(ii) Brewing and Pollution Abatement

The major forms of pollutants emitted to the sewer system are

38

BODy SS aﬁd caustic materials., Caustic materials Benerally show

up in terms of high PH readings in sewage discharges. These tvypes

of emissions are of some concern to waste treatment authorities in
mo;t Jurisdictions because they interfere with the working of the
sewage treatment plant. Such emissions are the result of cleaning
agents generally used in the bottle washing process. Despite the

concern with regard to PH most sewer surcharge schemes do not levy
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a charge on these caustic emissions and instead have set emission
standards.

The main elements of the sewer surcharges imposed in most
Canadian Jjurisdictions are BOD and SS. With respect to brewing the
major BOD sources are the veast left after fermentatién, the liquor
irom spent grains left after mashing the malt and straining the wort,
the trub and beer spills. The major sources of SS are spent grain
husks from mashing and straining, and the diatomaceous earth used
in the filtering and polishing nrocesses.39

The sewer surcharge schemes currently in effect in Canada
result in surcharge payments by regulated brewing firms of from 1%
to 3% of total costs. As such the response of most brewing firms
with respect to these charges based on the volume of emissions and
the strength of emissions will probably lead to improvements in
housekeeping procedures. These procedures would involve better
cleaning of tubs and kettles to reduce the level of emissions of
spent grainsy veast, trubs and diatomaceous earth. Thus it might
be expected that some response to pollution surcharges would come
in the form of an increased allocation of labour towards such addi-
tional housekeepring procedures.

In additions although PH is not £enerally surcharged, one might
suspect that actions by municipal authorities would be swifter in
jurisdictions with surcharge schemes. If, as might be expected» more
freauent waste monitoring is carried out in surcharge regulated Jjuris-
dictions ands as a resulty, more information with regard to the pH
o} emissions were availables these Jjurisdictions might prove to be
more insistent with regard to maintaining pH levels in brewing emis-

sions. Thus €reater pH control might result in these Jjurisdictions.
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pH control generally involves the recycling of in-plant waste streams.
Therefore relatively more capitgl may also be allocated to pollution

abatement at surcharged than non-surcharged locations.

c. SPECIFICATION

(i) Backeround

We assume that brewing operations are consistent with the neo-
classical concept of production whereby inputs are combined to form
output in a fashion which can be represented by a production func-
tion. We further assume that brewing operations are cost efficient
in that firms react to market input prices and produce desired out-
put levels at the minimum cost possible to themselves.

Formallyy we define the production function as:

a = f(X:t) (23)

where a is outputsy X is the set of factor inputs,» t is a time variable
(indicating that the production function may shift out over time due
to productivity advances). The function f is assumed quasi-concave
in factor inputs (X). Cost efficiency enters through the assumption
that the behavior of the plants is consistent with the constrained
minimization problem:

minimize ZIP_ X. subject to (23) (24)
1 3
{Xi}

wheré Pi are the market determined prices correseponding to the
individual input Xi.
- The solution to the problem given in (24) is a cost function
o% the form:
C = C(Psast)
where C represents the minimum of producing a units of output given

a set of factor prices P. The optimal levels of the inputs
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(X:(P,q)) to be used to produce a9 units of output when the factor
prices are €iven by P can be found by differentiating the cost

function with respect to the factor prices to obtain:

oC

3*
Xi(P,Qvt) —ﬁ;— (25)

Thusy all of the characteristics of the production technology can
Ge obtained from the cost function. The logarithmic derivative of
the cost function with respect to output yields the cost elasticity
which will be the inverse of the scale elasticity of the production
function along the input expansion path of the firm.

(ii) The Translog Cost Function

For this report we have chosen to approximate the cost function
to the second order in logarithms with a "translog" flexible func-
tional form. In addition to estimating parameters of this cost
function we will also include the factor demand information given
by (25). Our parameter estimates will therefore be more efficient.

There are several reasons for choosing the translog approximation.
Besides the fact that the translog function provides a second order
Taylor series approximation to any cost functions the transiog func-
tion and associated factor demands written in share form are linear
in the parameter. This is an increasingly important feature as the
number of inputs and data points increase. Finallys, the translioég
function-is not restrictive with respect to homogeneity or homo-
theticity and does not constrain factor elasticities of substitution
éb be constant and/or eaqual.
. The transiog cost function is written:

&¢n C = Ao # ZAi n Pi * 28 ZZAij fm P. Em P, + Dby &R Pi &n aq

i J iq
2

+ A fna+ .5 A (2n a)2 + A, Ant + .5 A, (80 t)° + (26)
qQ qq t 10

+ Atq Zn t &n a.
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Logarithmic differentiation of the cost function with respect to the
factor prices yields the factor shares as:

Si = A1 + zAiJ in PJ + Aiq in a (27)

In the above expression the indices (i+J) refer to th@ inputs
fabour (L)y capital (K)y materials (M), energy (E) and sewage emis-

sion (V). Since the cost function must be homogeneous of degree one

in factor pricesy the following parameter restrictions must be

imposed:
AJi = Aij (symmetry)
TA, = |
_ (28)
ZAiJ = 0 Vi
ZAiq =0

In additions the cost function should be concave (weakly) in factor
prices. This restriction cannot be imposed ex ante without seriously
reducing the 'flexibility' of the cost function. It is therefore
verified for the estimated function.

It will be recalled from the earlier discussion that regulated
firms have emission prices (Ps) which differ from the price of water
by the amount of the unit surcharge. The cost model therefore in-
corporates these differences. With resrpect to differences in pro-
ductivity which may arise due to regulation we aliowed the technology

parameters to differ between regulated and unregulated plants. In

rarticulars

) A, = Ay, + Ao *REG
Apy = Apgy * gy RES | (29)
Atq = Atqy * Atqr REC

where the subscripts u and R respectively indicate unregulated and
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regulated firms and REG is a dummy variable taking the value | if
the plant is regulated. At' Att and Atq are therefore the appropriate
total coefficients for regulated firms. If these technoloegical
change coefficients are found to be significantly different from zero
t%at would indicate a significant change in cost unex;lained by factor
prices and output. This will be called a productivity change.
Clearly the specification in (29) allows for the possibility of
different productivity erowth in regulated and unregulated plants.

(iii) Estimation Techniaue

There will be some stochastic variation associated with the
cost (26) and share eaquations (27) arising from the cost function
arpproximationy optimization errors and other small uncorrelated
errors involved in the definition and measurement of variables.
For estimation purposes we treat the cost and share equations as a
simultaneous system of stochastic equations and recognize the cross-
eaquation parameter constraints. To allow for possible contemporaneous
correlations of errors across eaquations we chose to estimate the
parameters using Zellner's seemingly unrelated regression equation
estimation. During estimation only four of the possible five factor
share eauations were combined with the cost function. We did this
because the dependent variables of the share eaquations by definition
sum to unity and the errors of the fifth equation are not independenf
ands in facts, are completely determined by those of the other four.
T%e parameter estimates obtained will be independent of the excluded
sBare equation as long as the final parameters represent the limit
of a sequence of convergent iterations. In our estimation procedure

we dropped the energy share eaquation and then recuperated the para-

meter estimates using the constraints given in (28). All estimation
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was undertaken using the TSP package available on the Concordia

University CDC computer.

D, ESTIMATION RESULTS

3 (i) Preliminary Estimation Results

The first round estimation results pointed to a probliem with

CIR I N |

the materials share equation. As we noted in the previous data
sectiony the materials share in total cost increased siegnificantly
as output increased in the sample. When we calculated the factor
demand and elasticity for materials at the sample points using the
first round parameter estimates we found that point estimates
fluctuated in a band around zero. The elasticity at the sample mean
was found to be .102 with a standard error of .083 implying that the
hypothesis that the material input was perfectly inelasticaliy de-
manded could not be rejected. Further, the cross-elasticities of
factor demand with the other inputs was negligible. Finallys the
other factor demands were found to be downwérd sloping with reasonable
magnitude for the estimated elasticities. This led us to the con-
clusion that the appropriate way to specify the production function
(23) is as follows:

a = f(Xst) = min[2(Xyt)s h(Myt)] (30)
Such a specification when combined with the minimization problem
given in (24) is consistent with a zero factor price elasticity of
Q§terials- independent of materials and other factors (prices) and
a full range of possible factor elasticity for the other factors (X).
Efficient factor use for (30) implies the following joint technological

relationships must hold:

q g(Xrt) (30)¢a)

o
I}

h{Mst) CLIR) ey
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In the second round of estimation we therefore estimated the transiog
cost function and factor share eaquations for labours, caritals, emis*

sions and energy which approximate the solution to the optimization

problem (24) subject to the production constraint (31)(a). A second

-

purely technological relationship linking materials and output are g
estimated by approximating (31)(b) by:

Mt‘t < AMM in M (C32)

where AMt was allowed to differ between regulated and unregulated

firms. It is worthwhile noting at this point that the factor price

2n q = AM + A

elasticities at the sample mean calculated from the second round
model specification were not significantly different from those
calculated initially. At the same time however the cost function of
the second round was verified to be weakly concave: a prorperty which
the initial cost function did not exhibit.

In additiony it should be noted that Pratten (1975) in a study
of scale economies in the brewing industry in England also found that
materials used per unit of output in beer production are unaffected
by plant size. This fixed relationship between materials and output
was also suggested in discussions with brewing firm officials.

(ii) Final Estimation Results

The Tables 2y 3 and 4 respectively display: the parameter
estimates from the cost models, equation by eauation summary statistics
of the cost model and parameter estimates of the materials model.

Iﬁ the section which follows we discuss the implication of estimation
results in terms of implied properties of the production process as
reflected by the cost model. At this point it is worth noting however
that the model provides an excellent fit of the data. Furthers since

the estimated cost function is (weakly) concave in factor pricess we
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can have some confidence in the results generated by the model.
With regard to the materials model estimates presented in
Table 4 it is worth noting that there is strong evidence of a strictly

proportionate relationship (independent of scale) between materials

and output since A is not significantly different from |. In addi-

MM

tions technological change is not evident in the relationship.
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TABLE 2

PARAMETER ESTIMATES OF THE COST MODEL

'
» o
Py
>
x
™M
—
m
0

ESTIMATE ASYMPTOTIC t-RATIO

; A, 6.506 3.889
AL -.268 -2.562
A, 1.316 12.228
A .0004 ,078
' 054 1.818
A ,067 2.12]
Ayy ,0038 9.47]
ALy -.0515 -1.682
ALy ,0002 162
Ay -.0029 -2.172
A, 314 .84
Aqq 0119 .29
Ay, 1 .900 6.434
Ar -1.932 -4.887
Rn -.263 = e
o . 268 5,745
Aoy .207 4.949
Ay -.215 -3.735
AL .034 - 7.407
Mo -.042 -8.857
AVQ 0017 73 102
Ag -.048 4,624
ALe -.003] -.93
Ae -.0129 -4.304

© Aye -.0011 -1.840

Agg 0172 10.525

A .0059 10.729

m
o
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TABLE 3

EQUATION BY ERUATION SUMMARY STATISTICS

- STANDARD DEVIATION OF SUM OF SAUARED 2
EBUATION THE DEPENDENT VARIABLE RESIDUALS R
Cost 792 . 159 .994
Labour Share . 059 .038 .714
Capital Share . 065 .040 158
Emission Share . 005 .00006 .938

Log of likelihood function (entire system) 544 .472.
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TABLE 4

MATERIALS PARAMETER ESTIMATES AND EBUATION STATISTICS

PARAMETER ESTIMATE
Ay 2.129
Aty .0c47
Misn . 0059
Ayy 989

Standard derivation of dependent variable |.224

Sum of squared residuals . 180
r2 .997

Log of Iikelihood function 51.365

t-RATIO

25.391
.05
l.025

80.974
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VII. ANALYSTS OF THE EMPIRUGAL RESULTS

A, INTRODUCTION

In this section we summarize and explain our maior findings.
The results are presented in three parts: factor elasticity estimates

a@d the implications for municipal waste managements productivity
growth estimates and implications for regulation policy and economies
of scale estimates.,. The results are integrated with the analvsis

Ppresented in earlier sections of this report. In additions where

possibles the results are compared with other published findings.

B. ELASTICITY RESULTS

The factor price elasticities (holding output constant) can be
conveniently calculated from the parameters of the estimated cost
function and factor shares using the following formulas: ‘
By = 8p = | * hgi8g

oy &= S g pi Dy

i = [LiKsEWV] G330

These elasticities calculated at the sample mean are presented in
Table 5.

It will be noted that al}! of the 'own price' elasticities are

that the factors are all inelastically demanded. Our estimate of the
Price elasticity of emissions is -.48. This estimate is somewhat
sqaller than the corresponding value of -.945 reported by Sims (1979).
I{—should be noted however that the estimate presented here is based

upon a more complete cost model specification. For examples Sims did

/

|
significantly negative and less than unity in absolute value implyineg

not have compiete factor quantity data and his total cost variable may
be more reflective of total revenue than of total cost.

The cross-price elasticities between capitals, labour and emissions



«TT=

TABLE 5

FACTOR DEMAND ELASTICITIES AT THE SAMPLE MEAN

LABOUR CAPITAL ENERGY EMISSIONS
»*
Labour -.535 511 0144 .0083
(4. 19 (3.86) (1.2) (1.4)
Carital - 077 . 0097 0034
(4.08) (2.36) (1.88)
EHEI’EY -1354 -l0324
(6.01) (1.48)
Emissions -.48
(8,76)

*
Off-diagonal elements represent the elasticity of the row factor with

respect to the column factor erice.

t-statistics are presented in parentheses .
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provide information which is not inconsistent with what one would
reasonably expects ex antey» and with information suppliied by the
breweries, In particulars the elasticities are positive and there-
fore imply thats ceteris paribus s+ an increase in the'price of emis-

sions will lead to some substitution towards capital and labour. At
tHe same times howevers, these elasticities are small and suggest that
the substitution response will not be large. In facty, the cross-
elasticity with respect to labour is not strongly significant. In
conversations with the breweries we have been told thaty while they
devote resources to keep their emissions 'clean's it has not been
necessary to redirect major quantities of capital and labour expendi-
tures to this end in the municipalities in our sample. Further,
these results are not inconsistent with the general production
description presented in section VI.B(ii).

As a final point it is worth noting thats, under the assumption
of our regulation modely some scope exists for the municipalities in

our sample to simultaneously increase revenue (by raising water prices

and pollution surcharges) and cause emissions to be reduced.

G PRODUCTIVITY RESULTS

It will be recalled that a time variable was introduced into the
cost model to measure any systematic cost charges unrelated to factor
prices and output. This technical change or productivity variable
was specified such that regulated and unregulated firms in the sample
could potentially exhibit different rates of productivity growth (or,
e&uivalentlys cost reduction).

The productivity growth rates are obtained from differentiating

the logarithmic cost function with respect to the time variable and



then multipiying by minus unity to convert the rate of cost reduction

At the mean of the sample the growth

into productivity increase.

rates in productivity were calculated as |1.6% per annum in unregulated

firms and -.008% in regulated plants. The coefficient for the un-
regulated plants is significant with a t-statistic of 2.67. Alterna-
f;V2|Yv the coefficient for the regulated plants was insignificant
(t = .016)., As such the results suggest that the productivity growth
in unregulated plants significantly exceeds that in regulated plants.
Indeedy there is no evidence of productivity growth in regulated plants.
These results do not appear to be inconsistent with the results
presented by other researchers. For example» Denison (1979) reports
an annual productivity growth rate of 2% for US manufacturing and
estimates that there has been a 10% reduction in productivity growth
due to pollution abatement programmes. 1In Canada» Dennys» Fuss and
May (198!) report provincial productivity growth rates of (.96%y .96%
and .72%) for the Food and Beverage industries of Atlantics, Ontario
and Prairies regions respectively. It is interesting to note that
their estimates are bracketed by those arising in this study. At the
same times» howevery it must be noted that brewing shipments comprised
only 4% of total Food and Beverage sector shipments in 1978 and there-
fore it may be unwise to stress the importance of this comparison.
Given that the magnitude of our estimates of productivity growth
is not unreasonables it remains to discuss the nature of the conclu-
sfbns which can be drawn from these results.
_ From the specification of the model: we cannot reject the hypo-
thesis that regulation significantly reduces productivity growth.
Indeed it would appear that this effect is larger than other researchers

have reported. At the same times» however, this finding is not
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inconsistent with our earlier arguments that regulation by means of
prices is likely to have a larger effect upon firms than regulation
by means of standards.

A final word of caution is in order. It must be kert in mind
that productivity growth is measured as a systematic r%sidual component
and thats» to some extent» it could also reflect other systematic dif-
ferences between regulated and unregulated firms. 1In addition, as
pointed out earlier in this reporty even if regulation has in fact
been responsible for the measured productivity differentials, this does

not represent a net cost to society. It must be balanced against the

social benefits of cleaner air and water.

D. SCALE ECONOMIES

The largest plant in our samele provided |1% of total Canadian
shipments in 1978. Despite the size of this plant it is evident from
the cost equation estimated that it had still not exhausted all plant
scale economies. The scale elasticity for this plant in 1980 was I|. 4.
This is not inconsistent with a statement by Scherer et al (1975, 1979)
that in brewing "...unit costs...(are)...believed to continue falling
bevyond the size of the l|largest modern plant...". In additions Scherer
argues that a plant of minimum efficient scale in the brewing industry
would supyly approximately 34.5% of Canadian domestic consumption

b S4B, [Os fagh Dm U578 Thets sieha™ olanbe D Eipmdae ™ fikds

, . . 41
suggests that all plant scale economies are not being exploited.
Indeed our estimates suegest that the smaller plants in our sample
have scale elasticities in excess of 2. Thus our results do not seem

to be inconsistent with previous studies of plant scale economies in

the brewing industry (Pratten, 19755 Scherers 1975).
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In additiony the existence of potentially large scale economies
in brewing casts doubt on alternative methodologies for measuring
productivity growthy which incorporate the assumptions of constant
returns to scale. It is quite likely that such methodologies (Denny,
Féss and Mays 1981§ Denisony [979) could confuse the s;parate effects
of productivity growth and scale economies, 'To the extent that these
scale economies are a pgrvasive characteristic of Canadian manufactur-

ingy approaches similar to the one adopted in this report should be

pursued in studies of productivity growth.
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VIII. SUMMARY AND CONCLUSIONS

The purpose of this report was to investigate whether a signi-
ficant relationship exists between environmental regulation and pro-

ductivity growth.

- The initial section of the study presents a survey of the
If&erature dealing with the impact of environmental regulation on
productivity €rowth. These studies were based upon agegregate data
from the United States. While the findings of these studies were not
conclusivey they pointed to the importance of undertaking a study
using firm or plant level data. In a preliminary feasibility study
it was discovered that plant level data for the Canadian brewing in-
dustry was available and therefore» that a micro-level study of the
impact of environmental regulation in the Canadian brewing industry
was possible. In additions since several brewing plants were subject
to a type of effluent charge» known as a sewer surcharges an investi-
gation of this particular type of environmental regulation could be
done. Theoreticallyy it was sugg2ested thats» since the response of
firms to economic incentives is probabity swifter and more pronounced:
the productivity effects would be greater than under the direct regu-
lation enforcement approach which has been the focus of all the pro-
ductivity impact studies discussed earlier in this report.

Prior.to estimating the actual impact on the productivity €growth
ang the pollution abatement of brewing plantsy a descrirption and survey

of sewer surcharge schemes currently in use in Canada was pPresented.
It-was found that while several of these schemes varied in forms in
substance they were essentiallyidentical. Each could be interpreted

as imposing a price per pound of BOD and/or SS emissions or as impos-

ing a charge per unit of aggregdate sewage emissionssy where the charege
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varied based on the quality of emissions. Because it was expected that
the ability to substitute between elements (i.e. quality character-
istics) of the sewage aggregate (V) is |imitedy the latter approach

was adopted.

g The conclusions of the empirical sections of this;study may be

summarized as follows:

a) Sewer surcharges induce a statistically significant reduction
of emissions'to the sewer system by brewing plantsi

b) The rate of productivity growth is significantly lower in
regulatedy (i.e. surcharged) than non-regulated (i.e. non-
surcharged) brewing plants?

¢) Plant scale economies are significant in the brewing industry.
Thus any investigation of productivity erowth in this in-
dustry, or other industries in which scale economies may be
a factors should adort a methodology which allows for their

existence. This would minimize the possibility of confusing

productivity growth and scale economies.

Finally one last point must be emphasized. The analysis presented
§uEEests that environmental regulation tends to reduce the growth rate
of total factor productivity. This is not necessarily undesirable.

For accompanying these costs are definite benefits in terms of an im-
proved environment. This study ignores these benefits by design.
Informed public policy musty howevers take such benefits into account

wﬁkn judging the desirability of alternate forms and degrees of en-

vironmental! regulation.
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FOOTNOTES

Dther variables were included in the eauation to correct for
cyclical swings in output and eneregy price changes.

A failure to recognize this mieht lead one to conclude that an
ineffective form of environmental reguylation is superior to a
policy which is effective and hence affects the allocation of
resources. Such a conclusion could only be justified if the
value of additional environmental quality were ‘zero.

It should be emphasized once again that these costs may be
accompanied by substantial benefits. It is even possible
that some diversion of R and D towards abatement technology,
refative to the situation which would exist with minimal
environmenta! regulationy would be desirable,

This approach is sometimes referred tos in generals, as the
standards approach.

This is in stark contrast to U.S. experiences where the
federal authorities play an active part in environmental
regulation.

The short history of INCO found in Dewees (1980,12) also
seems to provide evidence of behavior consistent with this
tendency to delay compliance. Felske (1981,192) also notes

a tendency for INCO to use technical and economic arguments
to facilitate delaying tactics.

Control Orders are issued by the Ministry of the Environment
in Ontario to polluters and specify various abatement require-
ments including such things as the desired quantity and con-
centration of emissionss the type of abatement activity, the

timing of such actions, etc.
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Since 1979 a Jjoint federal-provincial g€rant has also been
available to pulp and parer mills for modernization and
pollution abatement, Some parties have expressed skepticism
regarding the possible effectiveness of this scheme (Victor
and Burrell, 1981,203).

The cost effectiveness of standards and charges is discussed
in more detail in the section concerning economic incentive
schemes.

It is assumed that the differentiated regulation discussed
earliery which is usually characteristic of the direct
regulation-enforcement framework, would neutralize any
tendency towarcs modernization which might otherwise have
been induced.

The difficulty in defining eauipment as primarily abatement
or production oriented has been the source of some skepticism
regarding the Joint federal-provincial financial assistance
program available to pulp and parer mills for modernization
and pollution abatements (Victor and Burrell, 1981+203),
Several different economic incentive schemes which are designed
to induce compliance with environmental regulation have been
suggested. Two of the more prominant ones are the effluent
charge and transferable discharge permit (TDP) schemes. The
discussion here will concentrate on fhe former., 'For more
information on TDP schemes see Dales (1968)y and Tietenbere
(197431980).,

A simple example can help to explain this idea. If the uniform
charge ware $5 and the extra "marginal" cost to the firm, at
current levels of abatementy of abating one more unit of

pollution is $2y a cost minimizing firm would abate because
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this is cheaper than paving the charge. Additional abatement
would cost $2 per unit but would save the firm $5 in effluent
charge paymentss a net gain to the firm of $3, Obviously
abatement will be expanded as long as the charge exceeds the
incrementa!l or "marginal" cost of abatement. ]

In this case because the overall standard is set per annum
the charge would be adjusted each vear, if it were determined
that aggregate emissions of 502 were not exactly one million
tons.

The effect of growth in reaquiring an increasing charge over
time could be offsety at least in theory, by technological
progress in pollution abatement.

It is also possible that the desired standard could vary

from vyear to year. This would also reaquire varying the
effluent charee.

The optimal or equilibrium charege is the one whichy at a point
in timey ensures aggregate emissions of one million tons of SO
The charge is assumed to be altered in this scheme once per
vear g£€iven that the overall standard is defined per annum.

It is assumed here that the direct regulation-enforcement
scheme is effective at inducing compliance.

A cost effective scheme achieves the overall standard at

least cost.

2

Usually the argument is couched in terms of a uniform standard.

In reality standards often vary over g€rours of firms often

for equity reasonss but are €enerally uniform within each #group

of firms. It is doubtful that this complication affects the

argument presented in any significant wavy. I tihzel Sviara-eiem

in standards across groups was based purely on abatement costs
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then this scheme would also be more cost effective than a
uniform standard.

This is because the extra or marginal cost of abatement at
all point sources will be eauated. If this were not true
abatement could be shifted from high to low cost sources

with a resulting decline in costs. There is empirical
evidence provided by Pittman (1981) that under the current
direct reegulation-enforcement framework in the U.S.y pulp

and paper mills exhibit systematic differences in the mareginal
cost of abatement at current locading levels. Thus there 1is
evidence of serious inefficiencies resulting from the current
system of pollution control regulation.

This study actually compared spatially differentiated and
undifferentiated transferable discharge permitsy but these
results have definite implications for effluent charege
scheme.

A tax which varied with the lpcation of firms (i.e. & zone
effluent charege) was found to produce abatement costs of

only $8.6 million per annum. These findings are of course
consistent with the theoretical discussion above.

Normal strength wastes are usually defined in each Jjuris-
diction in a by-law. In theory these are wastes of the same
concentration as "average" residential waste emissions.

It is common practice in all the Jjurisdictions discussed

to place limits on the strength of pollutants which do not
enter the surcharge formula.

Note that similar statements could be made with respect to
suspended solids. In order to conserve space the analysis 1is

carried out only in terms of BOD.
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Chlorine demand has vet to be charged for.

The Waterloo-Kitchener surcharge formula is identical to
cavations C12) and (13) with Tc = Tx = 0.

There is a sewer service charege rebate for water purchased

but not emitted into the sanitary sewers. -

The "old" formula g€iven by eauation (14) could be converted

to a form identical to the London or Winnipeg surcharege
schemes. Hence onecould determine charges per pound of
pollution emitted. Thus differences between the old and

new formula are in appearances only. Note howevers that

one difference between the London or Winnipeg surcharge and
the Edmonton surcharge is that the former are based on volume
of waste emissions whereas the latter is based on volume of
water consumer.

The volume of waste emissions by the "representative" firm

can be put into perspective by comparing them with the volume
of emissions from a "tyepical" poultry processing plant:
210,370,000 U.S. gallons ar 175,300,000 imperial €allons.
(Ethridges 1970,48-9)., Similarily a "typical" beet sugar
processing plant emits approximately 590 million imperial
gallons per annum. (ibid, 41).

Ps beside depending on the concentration of BOD and SS in waste
emissions also depends on the level of ECb and ECS set by the
pollution control authority.

It is expected that the brewery's do not attempt to alter the
quality of sewage being emitted. They view a change in ECs or
EC, as a change in Ps and attempt only to reduce the auantity of

b

emissions. This would of course entail proportionate reductions
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of pollution. This relationship was suggested in conversation
with brewery officials and was confirmed with data supplied by
municipal pollution control authorities.

Sometimes the malt is supplemented at this stage by starch from
other adiunct material.

The spent grains left in the lauter tub are collected and sold
as cattle feed.

The brew-master uses two types of veast depending on whether

he is brewing ale or lager. If he is brewing ale or stout he
uses a veast which rises to the top of the liquid when fermenta-
tion is complete (Saccharomyces cerevisiae). With lager the
yeast drops to the bottom of the brewing vessel (Saccharomyces
carlsbergensis).

There has also been some concern about air (especially from
grain drying) and land (i.e. litter) pollution. These forms of
pollution aresy howevers bevyond the scope of the current parer.
It is sometimes difficult to separate the sources of BOD and

$S. It is undoubted!y true that any process designed to remove
one will remove the other. For examples» while trub and beer
spills have been listed as sources of BOD (one expert estimated
that they contained 3000 to 4000 ppm of BOD) they are undoubtedly
also sources of SS. These statements are consistent with our
approach of modelling the brewing firms' responses to Ps rather
than ECb and ECS.

The largest 4 brewing firms in Canada controlled 99% of the
market in 1978,

This may of course be explained by regional markets and high

transportation costs.
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Manufsctuting and Primary Industries Division

ANNUAL CENSUS OF MANUFACTURES

In sll correspondence concerning this
questionnaite plesse tefer to the first
seven digits in the top line of the mail-
ing sddress below,

Mailing Address (Please correct if necessary)

BREWERIES
1975

Pour un questionnaire dons I'outre longue
officielle veulller communiquer avec la
Division desindustrios manufochuridres ot
ptimoires, Statistique Conoda,

Ortowa, K1A 0V4

Physical Location of Establishment (Please correct if necessary)

S.1.C. 1093 Form CM $-3305-18.1
1.1 AUTHORITY ) R | 1.4 FEDERAL PROVINCIAL AGREEMENTS
;r::ho::‘;“:‘l (ﬁ“‘S’!:l’i‘:’fcsm;'l':.hé;;’;’"‘Ts‘cg(:‘ﬁ::’ :?%:na?:, In orderto avoid duplication of enquiry and to provide consistent
19767372 For: foftfias. details see item 1.0 in the enclossd statistics, agreements have been made:
Reporting Guide. — With the provincial siatistical agencies of Quebec, Manitoba
and Saskatchewan under!Scc(ion 10 of the Canada Statistics
Act for the exchange of information collected in this survey for
1.2 REPORTING INSTRUCTIONS establishmentslocated in Quebec, Manitoba and Saskatchewan,
The enclosed Reporting Guide is designed to assist in the com- respectively. The Statistics Acts of these Provinces include
pletion of this report. The instructions are numbered to correspond the same provisions lor confidentiality and penalties for dis-
to the items to which they tefer, closure of information as the Federal Statistics Act,
. L " . — With all other Provinces undetr Section 11 of the Act forthe ex-
';"P‘;;'?‘:' é‘::n' ‘i:f:; Y':e's't?:':::‘.l::'s";::(AE:'l':l'u}:ZS Tidth’i‘: 'zg change of informstion relatingto establishments located in their
days of recei (P Plus‘i keep one copy for future reference respective Provinces. The Section 11 agreementto share infor-
¥ pt. P 124 < mation relating to this eswblishment shall not apply if you
1.2.2 SINGLE ESTABLISHMENT FIRMS (as defined under1.2.2 of the abijec in writiog sad mgl yeur 'gol Toge ik e the come

Reporting Guide): Please include in this report sll of youropera-
tions, including any head office or ancillary units such as admin-
istiative offices, sales offices, warehouses, laboratories, etc.,
regardless of their location.

.3 MULTI-ESTABLISHMENT FIRMS (as defined under 1.2.3 of the

Reporting Guide): Please include in this report all of the opera-
tions pertaining to this establishment, including sny ancillary
units (administrative offices, sales offices, warehouses, labora-
toties, etc.) thot serve this establishment only, regardless of their
location. (Operations of ancillary units that serve more than this
establishment and operations of head offices are to be reported
on head office forms which will be mailed separately to the appro-
priste address.)

pleted questionnaire, to Statistics Canada,

For further detsils on these agreements see item 1.4 in the en-
closed Reporting Guide.

——
w W
-

LOCATION OF THIS ESTABLISHMENRT

Has the location of this establishment
changed from last year?

les

.

No

2 (]

1.3 OPERATIONS Yes No
1.3.1 Did this establishment operate in the reporting
car as defined in 1.2 above? ...ccvccicesreree. V) 2 (]
f "*No'' sign in question 1.9 below and return,
1.3.2 Did this establishment

1.3.3 Did any change in ownetship occur during the

go out of business during
the reporting year? ...

WE) [2HE]

IT"Yes'', give date
and complete this form for the period operated.

teporting year? 1 D 2 G

1f *'Yes'', give date
and provide information for the full reporting year.
If this is not possible provide information for the
period operated and give name and address of
respondent to contact for balance of information,

(name)

{sddress)

1.6 TYPE OF ORGANIZATION (Check one)
1.6.1 Individual Partneg- Incorporated c s
Ownership ship Company REOpSIatLG
VL] 2] 10 « 0
1.6.2 Does this represent a change in e bl
organization from your last report? ..o, M Is2r )
Date of change 19
1.7 NATURE OF BUSINESS (describe briefly)
1.7.1
Yes No
1.7.2 Is this s change from last year? .....covviiicrionenn. ] D 2 D
1.8 MKEAD OFFICES AND ANCILLARY UNITS
OF MULTI-ESTABLISHMENT F{RMS
1.8.1 Does this establishment have a Canadian Head vy, No
or Executive Office whose operations can be re-
ported separately?® wES 2 [0
1.8.2 If “'Yes'', please give its:
1.8.3 Name
1.8.4 Address
1.8.5 Isthis establishment served by any ancillary units

Yes

1

* Dats for such units should not be included in this report.

No

2 [

that also serve (an) other establishment(s) of your
firm (see 1.2.3)?°

1.9

CERTIFICATION

1 certify that the information contained herein is complete and correct to the best of
my knowledge and belief and covers the fiscal year or period

fromt 2 1 4 l‘L’J’l Syt By 1119171 J
Day Month Year Day Month Yest
Signature of authorized person Title Date
Name of pezson to contact regarding Address including postal code Telephone Telex
this report (if different from mailing address above) Aics code Nucher B

STANDARD
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Inventory for petiod

2. INVENTORIES at book value, including those in transit and those on consignment in covered by this report
Canada (refer to Instruction 2 in the Reporting Guide) . Cloml
Cnnndfn:lgolhn C:nndi:’:ld":llm
2.1 Manufacturing Inventory Yes NG (omit cents) (orli aae
2.1.1 Do hese figures include inventory held but not owned?- \ D 2 r:]
2.1.2 Inventony of Uel .........coccoovmeisimmmsinenensmssssssisn st ststenaseisns sessesssiisrssesistsiteniess
2.1.3 Inventory of raw materials, purchased components and supplies ......ceiiiiiiiiie
2.1.4 Total inventory of fusl, row moterials, ete. (2.1.242.1.3)
2.1:3 Inventory of goods in process (less federal excise duty}
2.1:6 Inventory of finished products (less federal excise duty) o
2.2 Inventory of goods purchased for resale in same condition as purchosed.. ...
2i) Other non-manufacturing inventory (specify) ...

2.% Total inventory of this establishment ...,

3 UNFILLED ORDERS (refer to Instruction 3 in the Reporting Guide)

3.1 Report value (or give your best estimate) as of December 31, 1975 i

3.2 Do you notmally have s backlog (not shipping backlog) of unfilled orders? .....

4. BASIS OF VALUATION (sefer to Instruction 4 in the Reporting Guide)
4.1 Fuel, raw moterials, containers, supplies, ete, (as reported in question $ and 6)

4.1.1 Ate you reporting consumption as requested? ... 1 D

Are you reporting purchoses of these items? i, _ s
4.2 Products (as reported in question 8)
4.2.1 Are you reporting vnlus;! shipments as requested? ..o — — ] D
Ate you reporting value of production? .. e e st 2 D
4.2.2 Are the teported values at: (Check "‘other’* if more than one is spplicable)
Coaft N rerrrerreress. e T T A j ([E]
Book transfer value? ... 2) (1)
Final selling price? .ovivniviinnie 310
Other ($PeCify) oot sere e 4 D
S. CONSUMPTION OF PURCHASED FUEL AND ELECTRICITY (refer to Instruction $ in the Reporting Guide)
) C::ﬂo‘iﬁrty Unit Cost atthis establishment
Kind ChE s Quantity used Canadian dollars
Cnda e measure (omit cents)
$.1  Coal and coke .o 8 on
5.2 INRICUCRIN B AN . oo rormmammmimins sy v o s s sk o sasas sl lor e st s A oo e sen e 231 1000 cu. ft.
' 5.3 Gasoline e [ Sis: Gl
5.4 Kerosene, stove ail (No, 1 fuel oil) Q22 "
5.5 = DIEBE] 0] oo somssssssmsmms s s s s 5
T (T WO T R — g =
3.7 Heavy fuel oil (Nos. 4, 3 and 6) ....... 4323 i
5.8 Liquefied petroleum gases (propane, butane, etc.) .. dien e
5.9 Electricity purchased (include service charge) ... Lo7A) 1000 kwh.
$.10  Other fuel {include
sicem purchased) (specify)
5.1 Total huel ond eleetriehby Lo e e ee b e e e sana sk sa b eae sern
5.2 ELECTRIC GENERATING FACILITIES Y
Did this establishment during the repomng petiod operate gencrating facilities wich S8 No
namcplate rating of more than S00kw? . .., 1 0 2 ()
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SELECTED MANUFACTURING INPUTS

6. Row materiols, components, containers, supplies, etc., purchosed and used in manufacturing operations
{refer 10 Instrucrion G in the Reporting Guld:)—Do not mclude materials, etc. produced by this establishment for its own use.

Comén°?”y Unit Total cost st
Description s‘i:(fni";s m"cpsluu Quantity used '}(‘:‘:n:é:::l:’m';::‘
Canada use (omit cents)
6.1 Raw materials and components purchosed and vsed
in manufacturing operations
6.1.1 Malt, barley, Canadian ... I ——. ST i
O NI AR Sl e o e o B oo g |2k N
6._'1.3 Malt. other than barley malt ... ... ... ., of 062 33 & i
Cereol flokes, ‘gvils ond meals - ioez - N
6.1.4 Corn, €Canadian .. oo v e L
6.1.5 Com, iMPorted ... ..o e j 062 52 =
6.1.6 Rice ... T e TR e | 062 53 2
6.1.7 Soybean .o ST —— IO“ 41 i
6.1.8  Wheat .. 062 55 =
6.1.9 Other cereal flakes, grits and meals ... 0625 "
GHN0) Hops, (CaRadian . .. coseremmmmeemmorg e essmeasass e Ty 1443 | L A
6.1.11 Hops, imported (include excise duties in cost) ... 144 3 i
6.1.12 Hop, extract 144 32 =
Miscelloneous brewing ingredients -
ORIINBLACHAISIAGE! . 8o ameeest s o e oo et I 414 33 =
6.1.14 PhROSPROIIC s e 401 s} =
6.1.15 MUBARIC s e — il :
6.1.16 Carbon dioxide fof Brewing .ccoocoovorvrrrorersiorrreiriiir, S 4018 "
6.1.17 Chemicals for refrigeration (ammonia)..........ooociieniiimnnnn. 402} XXX XXXXX
G.1.3B Clarifying 388ENtS ...ooiiiiiiiiiiiiitece et 429 41 XXX XXXXX
6.1.19 Foam 1etaining BBENLS ..ot 429 48 XXX XXXXX
6.1.20 Defoaming aBeNts ..ot 429 45 XXX XXXXX
6.1.21 Filtering aBents ..ot 429 22 XXX XXXXX
6.1.22 GYPSUM ..ottt er e s 279 33 1b.
6.1.23 Salt = sodium chloide .o s E
6.1.24 potassium (KMS,etc.).. 404 96 -
6.1.25 other salts {Burton, €6€.) oo 404 -
6.1.26 Yeast (if purchased) ... 1447 i
€.1.27 Sugat, glanuh.led, cane and beet ... 01 3 v
6.1.28 Sugar, invert and similar liquids (sugar solid basis) ... 10133 =
6.1.29 Glucose (including industrial com syrup) ... 101 612 =
6130 CRIAMED oo s s 146 321 .
6.1;31 Food colourants ... i 146 32 i
6.1.32 Other brewing adjuncts, specify ... XXX XXXXX
.......................................................................................................... Xxx xxxxx
6.1.33 Water purchased ... _278 ! M gal.
6.1.34 Water treatment chemicals......... — 429 93 XXX XXXXX
6.1.36 Other ingredients, specify ..o
(6072 Sub-totol of items in 6.1 . R e —

$5~3303-18.1
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SELECTED MANUFACTURING INPUTS = concluded

Row moteriols, components, contalners, supplies, etc., purchosed and used in manufacturing operations

6.
(refer 10 Instruction 6 in the Reporting Guide) - Do not include materials, etc. produced by this establishment for its own use,
Commodity Unit Total cost at
- code for 5 this establishment
Description Statisitics of Quantity used Canadian dollars
Canada use meBlsuie (omit cents)
NON-RETURNABLE (see also section 7.8)
6.3 Non-returnable containers and other shipping and pack-
*  aging materials purchosed and used for goods of own manu-
facture
n Include: breakages,loss onrefunds, write-
6.3.1 Bottle expenses offs, inventory shortages, etc. X .
Exclude: actusl cost of new bottles QXX XXX XXXXX
GIDAGIIES 0ot et s SO ot e o seses s e 9511232 doz.
. . 951 "
6.3.3 Other non-teturnable containers (plastic bottles, ete ).
6.3.4 Metal closures (caps and Crowns) .o 951911 XXX XXXXX
6.3.9 Folding snd set-up boxes and cartons ... 951 32 XXX XXXXX
6.3.6 Corrugated boxes and Cartons ..o s s XXX XXXXX
TR AL [ [y a4 ek e et e 393 XXX XXXXX
6.3.8 Keg €XPENSES oot ssanre e S XXX XXXXX
6.3.9 All other packaging materials and supplies ..., XXX XXXXX
6.4 G- 1000l Of 1M B 1M B0 oot ettt e e e ebe et be e re s e R b et e eh e e s e et aearbeeneraben R
6.6 Total value of operating, maintenar. ¢ and repair supplies purchosed and used in manufacturing operations,
00 G e L B e s L s St ey
6.7 Totol of row materials, components, contoiners, supplies, etc. (6.246.446.8) ...ccoooiiiiiiiicricere e e
6.8 Amount paid out to other establishments for work done on materials owned by this establishment
(refer w Instruction 6.8 in the Reporting Guide) ..ot et sa et oene
6.9 Total of row materials, containers, supplies and omount paid for work done (6.7 ¢6.8) ..o
Number of gallons
6.10 SUMMARY STATEMENT ON BREWED PRODUCTS
Include quantities in fermenters, storage tanks, ete.
6.10.1 On hand at beginning of yemr i ettt e ettt esene
6.10.2 Brewed during the year (measure at second dip —as used for excise duty). ..o
6.10.4 Brewed products purchased for resale . ... e s
6.1&5 T 010 OvOIlObI@ oot e et et b e bttt te et e ettt st e ennas
6.10.6 Shipments of brewed products produced by this plant (pg. 6 item 8.1.6 refers)
6.10.7 Shipments of brewed products purchased and resold (item 6.10.4refers) ..ot
6. 10.8 Shrinkage, WaSIaBE, ©TC. .ottt h bttt et eh bbbt b e s e et st n e he e reen st en s st seaeaberererarsens
6.10.9 On hand a¢t end of year
6.00.10  Total 00C0UATEE 10r oottt bbb ettt e s sttt ettt a et ettt e et eee
$-3305-18.1
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SELECTED NON-MANUFACTURING INPUTS

7. Merchondising ond construction activities, etc.
(refer to Instruction 7 in the Reporting Guide)

7.1 Purchoses of goods from other estoblishments for resale in some condition as purchosed
(include (uns?eu of such goods from other establishments of your company)
(report sales of such ROOAS iN QUESTION D.1) oo

7.2 Purchosed materiols ond supplies used in new construction produced by own lobour force for own use
(only those items charged to Fixed Assets Accounts which are reported in question 9.2) ... o

7.3 Purchosed moteriols ond suppliesused in production of ony machinery and equipment for own use by own lobour force
(only those items charged to Fixed Assets Accounts which are reported in question 9.3) ... T T e ST e

7.4 Office supplies purchased ond used ... s e e iy

7.5 All other purchased moteriols ond supplies used by this estoblishment ...

7.6  Sub-total of items in 7 ... P - e e e S A e e T e e e s e O

Total cost at
this establishment
Canadian dollars

(omit cents)

., Grond totol of selected monufocturing and non-manufocturing inputs (6.9+7.8) ..

SUPPLEMENTARY
Unit of . Cost value
measute Quatiity st the plant
7.8 Returnoble contoiners purchosed during the yeor: - Griginal price Canadian §
BT O = b .- e P comsn
7.8.2 -
7.8.3 NEW cases (for beer) Corrugated paper (re-trippers) ..coooviiiiiiiiiiiiniinns ombet
7.8.4 Barrels and kegs —metal ... £
7.8.5 Other returnable containers, specify ........... o R G 85 £ TSSES TR ¢ G5
7.9 ’ SUPPLEMENTARY - MANUFACTURED OUTPUTS

DUTIES, TAXES, FEES, LICENSES, ETC., PAID ON PRODUCTS SHIPPED
Please ensure thot these payments ore excluded
from commodities reported in Section 8.1

7.9.1 Federal excise duties .......... aas on esarirnae s e ans oo nmossnesssEE wYs S s EE  T T] T .. S s | S5 o S e S

7.9.2 Federal sales taxes ...

7.9.3 Provincial sales taxes ... oo - L & L

7.9.4 Peovincial gallonage 1ax, if applicable ..ottt et

7.9.5 Brewers' license fees (Fed. and Prov.) ..o oottt ettt ettt et ettt s

Canadian dollars
(omit cents)

7.9.6 Other taxes, specify . A — -

7.10  Totol of items 7.9.1 to 7.9.6 inclusive

$5-3305-18.1
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SELECTED MANUFACTURING OUTPUTS

8. Shipments of goods of own manufocture (refer te Instruction 8 in the Reporting Guide)
Net value of shipments,
excluding sales taxes,
excise duties and
. excise taxes, shipping
C::dn;o?;:y Unit charges by c‘om.mon or
Description . of Quantity shipped contract cafriers
cSlludlutl measure and net of any
COOCL LA sales discounts,
allowances, etc.
Canadisn dollars
(omit cents)
8.1  Products shipped
Brewed Products -
8.1.1 Small borttles ..o 172 101 sl
BOI2 (LEwlrg el Doftlels) o siwer ey v AT s ES 172 12 o
B 1,3 CANNEA oot et e e n e er e 17212 LU
Bl DrEUGIE s e e S TS R A T 17213 "
8.1.% Brewed products shipped in bulk (bottled by other plants) ... {17219 o r
8.1.6  Totel (8.1.1 to 8.1.5 inclusive) APRRL o
Other products:
8.1.7 Brewers' grains =dried ..o 155 31 ton
8.1.8 Brewers' graing — wet ... S e S 155 312 W
8.1,9 Brewers' yeast=dried ... 144 N2 P
B1191(0F Bire wieirs) y;e AR IWCIl) iy otusass miomsmse s saistion s tasuaivesanssnsns - asss SR0EES 144 711 "
8.1.11 Carbon dioxide gas, produced for sale ..o 401 81 Ib.
B.1.12 Distilled water ..o DD OO I 0 DD DI 409 8 gal.
8.1.13 Yeast (Iab. produced) made for own use ...oooovvrvcviicriiiniiiiiiininins 1447 ib. Hb i U
8.1.14 Yeast (lab. produced) made and so0ld oo 1447 "
e RS S D CIRTP UOTIBIE = et o ARl o e Bl ot 291 22 ZRERX SRIAITELE
8.1.16 Scrap glass, cullet ... AR EREK Tyx Gt
8.1.17 All other products shi
main items separately
8.2 Total valua of shipments of goods of ewn monufacture (total of items In B.1) i
8.3  Less adjustments for the following items il you were not oble to exclude them from the value of the individual
products in section 8.1
8.3:1 Tota! payments for shipping charges by common OF CONtIACE CREFIEIS .ot
8.3.2 Total psyments of sales taxes, excise duties and eXCise tAXEE i
8.3.3 Total amounts of discounts, sales allowances and returned saled ... i V
8.4  Total adjusuncats (sum of ftems 10 B.3) i e e
1f the amounts rcported above include any incurred in connection
with goods purchased for resale (see 9.1) please check here tc
8.5  Adjusted value of shipments of goods of own manufacture (8.2 less B.4 or 8.2 if 8.4 is 7€10) ..ooovvvinniniiiniiiiinnins
8.6  Amount scceived in payment for work done on materials and products owned by other establishments (including
those from any other establishment 0f your 6WA COMPRAY) oot
8.7 Total volue of shipments of goods of own manufecture and omount received for work done (8.5 + 8.6) ..................
5-3305-18.1
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9, SELECTED NON-MANUFACTURING RECEIPTS (refer to Instruction 9 in the Reporting Guide)

Volue of shipments of goods purchased and sold in some condition as purchosed
(purchases of such goods should be reported in question 7.1)

95l Tiotall volveui g vz mrrmesess e e e
Specify below the major products included in this value and give estimate of percentage which esch represents

of this value

Name of product Estimated %

9.2 Book volue of new construction by own labour force for own use
{only that amount charged to the Fixed Assets Accounts —this should at least include material costs reported in
question 7.2 and 1abour included in 14,1 d) i b st

9.3 Book volue of machinery ond equipment manufoctured by own lcbour force for own use
(only that amount charged to the Fixed Assets Accounts - this should at Jeast include material costs reported in
question 7.3 and labour included in 14.1.4)

9.4 Revenue from sole of elactricity .o s s

Canadian dollars
(omit cents)

9.5 Revenue from leose or rental of machinery ond eguipment monufoctured by this establishment ..

9.6 All other revenue from products ond services (exclude non-operating revenues such as interest, dividends, etc.) ........

9.7 Total of itams in'®....... P —

10. Grond tetal of manufacturing ond selected nen-manufacturing outputs (8.7 ¢ 9.7) Lo

SUPPLEMENTARY

11, Raverua from lease or rental of property; lands, bulldings, offices, @€, ..ot

12, Revenue from leose or rental of machinery and equipment other thon that included in 9.5 above (i.e. from machinery
of el kinds, engines, trucks of all types, trailers, tractors, other equipment, etc,)

$~3305-18.1
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14, EMPLOYEES OF THIS ESTABLISHMENT (refer to section 14 in the Reporting Guide)

Gross A"::;ft,;:?b" Number of man-hours
See reporting instructions selaties, ey o eran) (plesse provide teasonable estimate
REPORAN T P wages, com- perind where records ste not maintained)
f missions
of this form bonuses, e;c.
(omit cents) Male Female Worked Paid
14,1 Employees ot this locotion
14,1,1 Executive, administrative
- and sales 'uall ............................ = XXXXx
14.1.2 Employees in manufacruring
- operstions
14, 1.3 Outside pieceworkers, Pleasein-
clude amounts paid to outside
pieceworkers in section 6.8 _....... LB XX RO P20 XXXXX
14,1.4 Other production and related wors
kers, including employees enga-
ged in construction and produce
tion of machinery and equipment
for own use
(see 9,2and 9.3) ... XXHAX KXAXX
14.2  Employees ot other locotions
14,2,1 Employees in manufacturing
OPEIALIONS  ..voviriiiriiierinainieins
14,2,2 All other employees ................ YXHXX JRAXX
143 Toul. employecs at other
locations .....ccooereencreeniecrencenee XXXXX XXXXX
Employees in Employees in
administration, manufacturing
14,4  Supplementary infonnation sales, etc, at operations at
this location this location
(see 14.1.1) (see 14,1.2)
14,4.1 Average hourly rate of pay in dollars and CERTE ..oiiiiieii e XXXXXX
14,4.2 Number of hours in standard work week ...
14,4,3 Average paid vacation in number of weeks per year ...
OR
14.4.4 Vacation pay as 7% of carnings ...
14,4.5 Number of paid statutory holidays Per YEAT ..ot seresecsnes e esarenes
is. Employees at other locations included in this return (attach separate sheet if necessary)
"?::’i:'. Average number
’

Statistics

cati . Rt
Le o Msjor activity
i Cansda use

street and number, municipalit
( ' paiity carried on

wages, come
missions,

employed during
teporting period

name, province)} Boatbagcler
(omit cents) Male Female
Total (should egree with 14,3above) ¥
Number
16, Yorking Owners 0nd POCIM@IE ..ottt ettt bbbt e ne s

$5=-3305-18.1
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