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RÉSUMÉ 

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 première partie, les auteurs passent en revue les ouvrages 

déjà publiés sur les effets de la réglementation de l'environnement 

sur la croissance de la productivité. Ces recherches se fondent 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 etude à partir de donnees 

au niveau de l'entreprise ou de l'usine. Une étude de faisabilité 

préliminaire a permis de découvrir que, pour l'industrie canadienne 

des brasseries, nous disposions de données au niveau de l'usine et 

qu'il était donc possible d'entreprendre une étude microéconomique 

de l'incidence de la réglementation de l'environnement sur les 

brasseries canadiennes. En outre, comme plusieurs brasseries 

sont soumises à certaines redevances sur les eftluents, dites 

surtaxes d'égout, il a été possible d'effectuer une enquête sur ce 

genre particulier de réglementation de l'environnement. Les auteurs 

soutiennent que, théoriquement, étant donné que la réaction des 

entreprises aux stimulants économiques est probablement plus rapide 

et plus marquée, les effets de ces stimulants sur la productivité 

seraient plus importants que ceux produits par une application 

directe des règlements (c'est-à-dire les normes antipollution) qui 
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ont constitué jusqu'ici le thème central des études relatives aux 

divers effets sur la productivité. 

Dans le reste du rapport, les auteurs passent en revue et 

décrivent les systèmes de surtaxes d'égout actuellement en usage au 

Canada et montrent, à l'aide d'estimations, comment les brasseries 

s'y ajustent. Ils présentent également 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, amène 

eftectivement les entreprises polluantes à lutter contre la 

pollution, même si elle tend aussi à réduire la croissance de la 

productivité. Cette conséquence, cependant, n'est pas 

nécessairement indésirable, car ces coOts sur le plan de la 

productivité sont compensés par des avantages bien nets découlant 

d'un environnement plus propre et de meilleure qualité. 

v 



ABSTRACT 

The purpose of this report is to investi~ate whether a si~ni 

ficant relationship exists between environmental re~ulation' 

and productivity ~rowth. , 

The initial section of the studY presents a survey of the 

literature dealin~ with the impact of environmental re~ulation 

on productivity ~rowth. These studies were based upon 

a~~re~ate data from the United States. while the findin~s of 

these studies were not conclusive, they pointed to the im 

portance of undertakin~ a studY usin~ firm or plant level data. 

In a preliminary feasibility studY it was discovered that 

plant level data for the Canadian brewin~ industry was avail 

able and therefore, that a micro-level studY of the impact of 

environmental re~ulation in the Canadian brewin~ industry was 

possible. In addition, since several brewin~ plants were 

subject to a type of effluent char~e, known as a sewer sur 

char~e, an investi~ation of this particular type of environ 

mental r e ë u l a t ï.o n could be done. Theoretically, it is su~ 

~ested that, since the response of firms to economic incen 

tives is probablY swifter and more pronounced, the productivity 

effects would be ~reater than under the direct re~ulation 

enforcement (i.e. the pollution standards) approach which has 

been the focus of al I earlier productivity impact studies. 

The remainder of the studY presents a description and surveY 

vi 



of sewer surchar~e schemes currently in use in Canada and 

presents estimates of the resPonse of brewin~ firms to these 

char~e$. In addition, the impact of this financial levy on 

productivity ~rowth in the brewin~ industry is estimated. 

The analYsis presented su~~ests that environmental re~ulation, 

of the type investi~ated here, does induce an abatement 

response on the part of pol lutin~ firms and does tend to 

reduce productivity ~rowth. This, however, is not necessarilY 

undesirable since accompanyin~ these costs are definite bene 

fits in terms of an improved and cleaner environment. 

vii 



I. INTRODUCTION 

Economic incentive schemes have traditionallY been su~~ested 

bY economists as the appropriate way to deal with environmental 

problems at stationary sources (Dales, 1968; Baumol ind Oates, ... 
-1911; Anderson et al, 1977; Tf e t e nb e r ë , 1980). Th e s e schemes 

)enerally involve a financial penalty imposed on behaviour which 

is considered undesirable. Two of the more popular examples 

of these types of proposals are effluent char~es and transferable 

dischar~e permits (i.e. property ri~hts schemes). 

The preference of economists for policies that alter economic 

incentives fo II ows natura II y when one views environmenta I PO II ution 

a~ a particular source as resultin~ from the failure of the market 

to price a scarce input: environmental quality. In essence 

pol lutin~ firms consume this scarce input without havin~ to pay 

for it. Pollution emissions represent the best observable proxy 

for this input and thus the e r i c i ns of PO II ution emissions wou Id 

seem to be a useful way of solvin~ this prOblem of missin~ markets. 

It is ar~ued that if the price imposed per unit of pollution 

emissions approximates the social dama~e created bY that pollution, 

then the polluter will be induced to operate e f f i c i e n t t v , That 

is, the polluter will only emit pollution as l o na as the benefit 

to him, ,in terms of fore~one abatement costs, exceeds the price of 

e o II u t t on . and hence exceeds the d ama ë e created bY that PO II ution. 

tn a partial equilibrium settin~, this result is efficient because 

net social costs i n c l ud i në pollution d am a ë e s plus pollution abate- 

ment costs are minimized. 

In contrast to the fore~oin~ theoretical approach, environmental 

protection policy throu~hout North America has evolved in a direct 

re~ulation-enforcement framework. Current policies are based on 
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ambient and effluent standards with, at least in theory, the 

threat of fines and/or imprisonment available to enforce compliance. 

This framework often incorporates some form of financial assistance 

which is meant to defray the cost to the pol luter of:achievin~ 

~ompliance with environmental re~ulations • 

. Typically environmental policies are compared on the 

basis of their static efficiency implications. It has been su~~ested 

that there are also important dynamic consequences of various en 

vironmental policies. In particular, 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 investi~ate the impact of environ 

mental re~ulation on productivity ~rowth. while it seems reasonable 

to assume " ••• that reductions in pollution per unit of output must 

be traded off a~ainst improvements of productivity ••• " (McCain, 

1978, 546) there has been no empirical attempt to verifY this 

belief or even to determine the ma~nitude of such impacts. In 

addition others (Meyers and Nakamura, 1980) have su~~ested that 

whether environmental re~ulation reduces productivity ~rowth or not 

is an empirical question. 

This paper wil I present an empirical evaluation of the impact 

of an e~istin~ form of a particular environmental incentive on 

the ~rowth of productivity in the brewin~ industry. Prior to 

~esentin~ these results a discussion of the concept of total factor· 

productivity and the current evidence re~ardin~ the tmpact of en 

vironmental re~ulation is presented in Section II. iection III 

presents a comparison, in static efficiency terms, of various forms 

of environmental re~ulation and a discussion of the implications 

of these forms of re~ulation for productivity ~rowth. Section IV 
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presents a discussion of various observed applications of an 

economic incentive scheme which is currentlY used in certain 

Canadian Jurisdictions: sewer surchar~es. A review of the variants 

of this scheme used in various Jurisdictions is provided. Section 

V presents the model which is used to investi~ate thè impact of 
- 4hese surchar~e schemes on productivity ~rowth in the brewin~ 

industry. 
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II. TOTAL FACTOR PRODUCTIVITY 

Productivity i& tYPicallY measured a& the ratio of output to 

input&. Some of the more commonlY used mea&ure& of ~roductivitY .. 
àre the sin~le factor productivity indicies (e.~. av~ra~e pro- 

ductivit~ of labour) and the total or multi-factor productivity 

index. The problem with partial mea&ures of productivity ~rowth is 

that it if. often difficult to det-ermine whether they measure technical 

chap~e, input substitution, etc. As a result the more comprehensive 

measures, like total factor productivity (TFP) have become popular. 

The ~rowth of TFP can be defined as the difference between the rate 

of ~rowth of real output and the rate of ~rowth of real factor 

inputs(Jor~enson and s r i t t cb e s . 1967). Thus TFP Yields a measure 

of the ~rowth in output that cannot be explained bY the ~rowth 

in inputs. ConceptuallY this is sometimes considered to represent 

a measure of technolo~ical advance. As has been pointed out else- 

where, it may also reflect measurement errors (Jor~enson and Griliches, 

1967), or a failure to appropriatelY account for scale economies 

(Denny, Fuss and Waverman, 1981). 

The slowdown of productivity ~rowth since the mid 1970's has 

been blamed on several factors includin~ ener~y price increases and 

increasin~ly strin~ent ~overnment re~ulation. With re~ard to the 

latter factor, Christainsen and Haveman, (198Ia) found that federal 

~~ulation in the U.S. was responsible for from 12 to 21~ of the 

>Iowdown in the ~rowth of labour productivity in manufacturin~ durin~ 

the period 1973-77 as compared with the period 1957-62' 
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Of particular concern here is the impact of environmental 

retulation on productivity trowth. The majority of such studies 

have been undertaken in the U.S. and with minor exceptions (Kopp 

:-a n d Sm it h, I 981) the y are bas e don a IH! ret a te 0 r mac r'p I eve I da ta . 
.,. . 

.:( C h ris t a ins e nan d H a v e man, I 98 I ) • The ses t u die s (C h ris t a ins e n 

""and Haveman, 1981,._388) suggest that not more than 15~ and likely 

between 8 to 12~ of the slowdown in productivity trowth can be 

attributed to environmental retulation in the U.S. 

In reality there is a great deal of variation in the estimates 

of the impact of enviconmental regulation on productivity trowth. 

This is the result of different methodoloties, the use of different 

time periods and data. One of the more complete analyses can be 

found in Denison, (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 pollution abatement. 

This approach has been cr.iticized on several trounds (Christainsen 

and Haveman, 1981, 383). One of the primary criticisms is that 

environmental retulation wil I affect productivity erowth, not only 

bY divertint resources from primary production, but also throueh 

its effect on the efficiency of the firms' resource allocation 

decisions, as well as, t h r e uef its effect on the allocation of R 

and D e~penditures between primary production and abatement and 

its impact on the oblolescence of a firm's capital stock. 

An alternative approach to estimatine the productivity impact 

of environmental r e au t a t i c ns has been used in Crandaïl, (1981). 

In this study a cross-section of 36 manufacturine in~ustries were 

used to retress deviations in productivity trowth from the historic 

trend in industry productivity on pollution control c e e r a t i na costs 
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as a ratio of value added.1 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 ~rowth is the level of a~~re- 
',,,\ 

~ation used. Nadiri (1970) su~~ests that in ~eneral'with re~ard 

io productivity studies " ••• the specific results are too sensitive 

to chan~es in the types of data and methods of estimation to provid~ 

concrete Quantitative fi~ures about the contributions of various 

factors to the ~rowth of output ••• " (P. 1169). This criticism 

applies particularly to the environmental studies discussed above. 

It has been su~~ested that many of the problems inherent in these 

studies could be overcome if analyses were carried out at the firm 

or plant level (Kopp and Smith, 1981). 

This su~~ests that empirical analysis of the impact on pro- 

ductivity ~rowth of environmental policy should be undertaken at 

a disa~~re~ated level in order to avoid the type of a~~re~ation 

problems discussed bY Jor~ensen and Griliches, (1967) and that the 

analysis should be carried out throu~h the estimation of a cost 

or production function in order to isolate productivity ~rowth 

from ~cale effect~. 

Before pre~entin~ evidence re~ardin~ the impact on productivity 

~rowth in the brewin~ indu~try of a particular economic incentive 

scbeme, a compari~on of alternate environmental policie~ is presented 

in the next section. Productivity is defined in terms of the 
- 
efficiency with which inputs are transformed into "usiful" outputs 

in the pro duc t ion P.'! 0 C U·s.. R e ~ u I at ion, bY de fin i t ion, - in v 0 I v e san 

intervention int.o the market process and hence creates deviations 

from the usual profit maximizin~ behaviour. Such alterations wil I 
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reduce the rate of ~rowth of output per unit of input (i.e. pro- 

ductivity). With re~ard to environmental reeulation,productivity 

erowth wil I be affected by divertine resources from primary pro- 

duction to abatement, by interferine with the produc1ion process ~ 

~nd thus reducine the effectiveness of inputs, bY ch~nnel line R 

~nd D expenditures from production to abatement technoloey, etc. 

A qualitative analysis of the probable impact of two alternate 

Before presentine this analysis however an additional point 

environmental policies with reeard to productivity erowth fol lows. 

should be made. The analysis thus far sueeests that environmental 

re~ulation may reduce the ~rowth rate of total factor productivity. 

This is not necessarily undesirable. Aceompanyin~ these costs are 

definite benefits from cleaner air and water. The analysis which 

fol lows ienores these benefits. Any studY concernine the overal I 

desirability of environmental reeulation must incorporate estimates 

of these benefits. Thus, the purpose of this study is somewhat 

more limited. In particular, we wil I attempt to provide some in- 

for environmental purposes. In addition, it is possible to compare 

siehts into the amount of primary output which is beine sacrificed 

environmental policies with reeard to their costs of achievine 

predetermined environmental standards and hence to provide some 

insieht~ reeardine the impacts of these policies on productivity 

erowth. 
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III. A COMPARISON OF EFFLUENT STANDARDS AND CHARGES 

A- INTRODUCTION 

As has been su~~ested earlie~ there are several ways in which 

environmental r e ë u l a t i on can affect the allocation of resources 

within and across firms and hence also effect the ~rowth of pro 

~uctivity within firms, as wei I 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 alon~ the 

production frontier rather than off the frontier. In reality, 

increasin~ly strin~ent environmental re~ulation represents an 

increase in the cost of a socially valuable asset to e c l l u t i nz 

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 ~rowth is the result of a movement alon~ 

the production frontier induced bY the increased cost to firms of 

usin~ assimilative capacity relative to the cost of other factors 

of production and resultin~ from the fact that productivity is 

defined as the ratio of primary output to conventional inputs (i.e. 

labour and capital). In fact, the diversion of labour and capital 

~duces the amount of valuable asset (i.e. environmental quality) 

co n sum e d b yap 0 I lut i n ~ fi r m • 1ft h e soc i a I val u e 0 t, t his ass e t 

could be determined and if it were included as an inp~t in the 

calculations, productivity may have in fact risen. UnfortunatelY 

it is difficult if not impossible to measure the social value of 

this asset and thus the traditional approach has been to treat 
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this diversion as a source of productivity slowdown (Denison, 1978). 

while the t r ad t t i ona Le e e r.c a cn w i l I be followed here it should be 

remembered that this diversion merely represents one of the costs 
- 

of a process which Yields definite benefits. The Quelitative 
" , - 

~stimates su~~ested in this section and the Quantitative estimates 

~f latter sections should be interpreted in this li~ht.2 

In addition to inducin~ the. diversion of conventional inputs, 

environmental re~ulation may also effect the efficiency of a pro- 

duction process directly. An example of this would be the impact 

of environmental re~ulation on the fuel efficiencY of the auto- 

mobile, ceteris paribus. To the de~ree that environmental re~ula- 

tions and the resultin~ abatement equipment interfere with the pro- 

duction process it could have the effect of impedin~ shifts in the 

production frontier or actual Iy causin~ the production frontier to 

shift in over time. 

Effective environmental policies mi~ht induce increased research 

and development into the development of lower cost abatement tech- 

On the other hand, Meyers and Nakamura, (1980, 463) s u ë ë e s t 

nolo~ies. This may also have the impact of divertin~ funds from 

Rand D on ~ri~arY production technolo~ies and may ultimatelY slow 

the rate of productivity ~rowth3 as conventionally defined. 

t hat t ncr e as i n ~ I y s tri n ~ en ten vir 0 n men t a Ire ~ u I a t ion wou I din duc e 

more rapid capital turnover (i.e. modernization) the net effect of 

which may be an acceleration in productivity ~rowth. Their theore- 

tjcal analysis is based on a putty-clay model in whic~ substitution 

of factors is possible prior to investment, but not afterwards. Thus 

in order to alter factor proportions investment in new vinta~es must 

occur. In essence, they ar~ue that, based on their studies of water 

poll ution abatement and factor substitution in m an u f a c t u r i n ë , this 
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ex po~t a~~umption of fixed factor proportion~ i~ not unrea~onable 

(p.465). A~ a re~ult environmental re~ulation raises the unit 

variable costs of old vinta~es of equipment more Quickly than for 

new equipment. The result is an added incentive for-modernization 

which would not exist in the absence of this re~ulation. This 

~u~~est~ that the ultimate impact of environmental re~ulation is 

an empirical Question dependin~ on which of these effects dominates. 

As wil I be seen, however, some a prioll statements can be made 

re~ardin~ the productivity effect of certain alternate forms of 

environmental re~ulation. 

In the remainder of this section, a comparison of the current 

environmental r e s u l a t i cn framework, which we will call the direct 

re~ulation-enforcement framework4, and an alternative economic in- 

centive scheme (i.e. effluent char~es) wil I be made on the basis of 

their likelY impact on productivity ~rowth within an individual firm 

and within a re~ion (i.e. province or nation). In order to determine 

how these policies would affect productivity ~rowth we mu~t first 

understand how they effect firm behaviour. In what follows we first 

(i) Description 

define the policies to be discussed, su~~est their probable impact 

on resource allocation and u l t i ma t e l r compare the likely impact of 

these policies on productivity within a firm and within a re~ion. 

D- DI RECT REGULArION - ENFORCEMENT FRAMEwORK 

The direct re~ulation - enforcement framework is the primary 

form of environmental re~ulation practi~ed in most p~ovinces and 

federally in Canada. It s e ne r e l l v involves the s e t t Ïria of ambient 

Quality standards which are then used to derive effluent standards 
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at various key point sources. These standards are, at least in 

theory, enforced bY the threat of fines and/or imprisonment. This 

framework often includes some form of financial assistance which 

is intended to defray the cost to the pol luter of ac~ievin~ com- 
... 

~Iiance with environmental objectives and re~ulation&. The most 

~opular types of financial assistance in North America include 

accelerated depreciation allowances on capital expenditures for 

Environmental policy, as is necessitated by the federal 

pollution control, the refund of sales taxes on the purchase of 

pollution control equipment and d ir e c t subsidies on loans for 

the purchase of poi lution control equipment. 

character of Canada, is a mix of federal and provincial laws. As 

in other feder31 Jurisdictions, the federal ~overnment has the 

authority to le~islate matters of national priority. At the same 

time, local matters fal I within the purview of the province. The 

division of responsibilities re~ardin~ environmental policies 

between ~overnments is thus blurred. 

HisloricallY, the federal ac ve r nme n t in le~islation like the 

Canada Water Act (1970) and the Clean Air Act (1971) has sou~ht to 

create national standards and provincial-federal co-operation. As 

tbin~s have evolved, however, the federal ~overnment has left much 

of the initiation and enforcement of environmental pro~rams to the 

provinces.5 The Federal Fisheries Act, for example, is enforced in 

~ntario by the provincial ~overnment. The protection of air and 

~ater quality in the provinces is therefore ~eneral I~ the respon- 

sibility of the provincial ~overnment. '_ 

Environmental re~ulation at the provincial levels has been 

characterized bY absolute prohibitions on pollution emissions while 



-12- 

elsewhere in the le~islation exceptions to the rule are provided. 

For example, in Ontario's Environmental Protection Act there is a 

~eneral prohibition a~ainst emissions: " ••• no person shal I deposit, 

add or emit, or dischar~e a contaminant ••• into the ~nvironment 

~hat (a) causes or is likely to cause impairment of the Quality 

~f the natural environment for any use that can be made of it ••• " 

(Section 13( I ». However, elsewhere in the Act (Section 5) this 

absolute prohibition is softened: "No person shal I deposit in, 

add to, emit or dischar~e into the natural environment any con- 

taminant ••• , in any amount, concentration or level in excess of 

that prescribed bY the Re~ulations." 

These Re~ulations ~enerally state effl uent or d i s ch a r ë e 

standards which may take a variety of forms: total loadin~ (i.e. 

mass per time period), concentration, technolo~ical restrictions, 

etc. Provisions for financial penalties usually accompany this 

le~islation. For example, 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 subsequent 

offences. In practice, however, this route of prosecution is seldom 

followed and, when it is, the fines usually fall well short of the 

maximum 'stated. Estrin and Swaigen, (1978, 148) found that between 

1958 and 1972, II offenders were fined s l i ëh t l v more than $1,000 

each under the Federal Fisheries Act in British Columbia and the 

M,a rit i mes • I nOn tar i 0 bet wee n I 9 6 8 and I 9 7 7 the r ewe -:r e I 7 sep a rat e 

env i ron men t a I I y rel ate d pro sec uti 0 n s 0 f p u I pan d pap E!_r mil I s wit h 

fines s e ne r e l l r of $2,000 or less (Victor and Burre II, 1981, 145). 

Dewees, (1980, 14) has concluded that " ••• while an exhaustive survey 

has not been undertaken, it is likely that no Canadian jurisdiction 
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ha~ impo~ed on any indu~try fine~ that repre~ent a ~i~nificant 

percenta~e of co~t~ that would be involved in control lin~ pollution." 

In e~~ence the primary ~ource of enforcement i~ not ~enerated 

throu~h pro~ecution and confrontation but rather thr~u~h a proce~~ 
~ 

!f bar~ainin~ and moral ~ua~ion. Given monitorin~ and le~al co~t~ 

~nd the limited bud~et of mo~t environmental a~encie~ a direct 

confrontation approach involvin~ ~trict adherence to available 

standards is likely not a fea~ible alternative. It ha~ al~o been 

su~gested that the use of persuasion and bargaining in order to 

achieve compliance 'may provide a method of introducin~ abatement 

cost considerations into the regulatory proce~s which were i~nored 

when ambient and effluent standards were determined (Dewees, 1980,12). 

This approach t6 environment~1 re~ulation has been described 

as one of "symbolic action~" (Dewees, 1980,10). Tough ~tandards 

which sometimes appear to i~nore abatement costs are established in 

law or in Re~ulations. The protection of human health is usuallY 

an important aspect of these standards. But this i~ only symbolic. 

When settin~ objectives, deadlines and enforcin~ compliance excep- 

tions are made throu~h bar~ainin~ and ne~otiations. A~reement~ which 

may be less restrictive than the letter of the law are made. Imple- 

mentation deadlines are often deferred. Enforcement throu~h court 

action and fines is viewed only as a last re~ort. 

(ii) Evaluation 

One of the chief critici~ms which can be levied again~t the 

direct re~ulation-enforcement framework is that it hai not resulted 

in the timelY compliance of major point sources with pollution 

abatement schedule~ developed by environmental authoritie~. It 

has been ar~ued that this method of re~ulation in~tead of providin~ 

an incentive to abate has provided an incentive for industries to 
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delay expenditure5 on pollution abatement (Robert5' 1970, 1528). 

A firm, in decidiné whether to comply with current environmental 

requirements, wil I wei~h the cost of delay aéainst the rewards of 

non-compliance. The rewards of non-compliance result from cost 

savinés because research and development may ultimately 

produce lower cost methods of abatement; more éenerous financial 

assistance from éovernments may become available in the future; 

and any delay al lows a firm to use scarce capital that would have 

been used to purchase pollution control equipment for profit m a k i n ë 

investments. In addition, éains also accrue from the savinés of 

operatin~ and maintenance costs which could have been incurred 

had the appropriate abatement equipment been in place. The costs 

of non-compliance or delay involve the adverse public reaction and 

fines which result from prosecution. Given the technical complexity 

of many modern production processes, however, it is not difficult 

to éive the nominal appearance of co-operation by undertakiné 

successive enéineerin~ and cost studies. This wil I also help hiéh 

'iéht technical difficulties which can further aid delayiné tactics 

and help to avoid prosecution. The direct reéulation-enforcement 

approach provides siénificant rewards for non-compliance and pro 

vides insiénificant costs from delaY. 

Thus if a firm does not comply with environmental standards 

it runs the rather sma' I risk of prosecution and ultimately a fine. 

But it is unlikely that the maénitude of the fine wi" exceed the 

cost savinés from delayin~ compliance. In addition, a firm which 

exceeds a standard must first be cauéht, which, if it is one of 

many firms, is not certain. Even after it is cauéht, it can probably 

neéotiate if, as in most jurisdictions with finite budéets for environ- 
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mental liti~ation, the authority i$ $eekin~ voluntary compliance. 

Moreover, where abatement option$ are CO$tIY and uncertain, the 

firm can be expected to make a ~ood ca$e re~ardin~ the unrea$onable- 

ne$s and infea$ibility of the current reQuirement$.: Any delay, ,_ 

whether thi$ delay is the result of liti~ation or bar~ainin~ with 

'the environmental a~ency has clear and $ubstantial benefit$ to 

the PO II u t i ns firm. 

One rationale for financial a$$i$tance is that, bY reducin~ 

the cost of abatement, it t e n d s to reduce the reward to PO II u t e r s 

from delayin~ compliance. But as lon~ as abatement CO$ts remain 

a substantial net loss item for the firm (as it likelY will even 

with si~nificant tax incentive and subsidY schemes) it i$ unlikely 

It is this opportunity for delay which seems to be behind the 

t hat fin' a n cia I a s s i s tan c e w i I I h a v e a £, u b s tan t i a lim P iii c ton t hi£, 

tendency to delay compliance. 

lack of e r o ë r e s s in pollution control at some pulp and paper mills 

in Ontario.6 Victor and Burrell, (1981,201) found that while there 

rate of improvement in this industry can be explained bY the in- 

has been environmental improvement at the industry level, s u ch 

improvement was achieved at a slower rate than expected and did 

not reflect a uniform pattern amen a all mf l l s , The rather $Iow 

effectiveness of enforcement activity undertaken bY the environmental 

authorities in Ontario. This is dramatically exemplified by the 
- -r e c c r c of prosecutions and fines b r o u ah t a~ainst mt l I s (outlined 

ëarlier), and the h i s t c r r of Control Order Amendmen~ and post 

ponements since 1977, in Ontario.7 

In 1977, the Ministry in response to the limited success of 

the r e su t e t e r r e r c ar am in use since 1965, put all mills not 

voluntarily in compliance with a~reed upon abatement schedule$ on 
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Control Orders. However, since 1977 this approach has been 

characterized bY Control Order Amendments and postponements in 

res pan set are Que s t s bY the mil I s (V i eta ran d Bur e I I, I 98 I , I 44 ) • 

This evidence is entirely consistent with Roberts' (1~70) su~~estion ,_ 

t~at the direct re~ulation-enforcement framework provtrles an incentive 

fôr industries to delay expenditures on pollution abatement. 

As further evidence of the failure of the direct re~ulation- 

enforcement framework to induce compliance in the pulp and paper 

industry in Ontario the fol lo~in~ facts have been noted bY Victor 

and Burrell (1981>: 

(i) Between 1973/74 and 1975/76 the number of mi lis in 

Ontario in compliance with federal toxicity reQuire- 

ments rose from one to nine and remained unchan~ed 

to 1978. This number represents only about 1/3 of 

the pulp and paper mil Is in Ontario (p.28). 

(ii) In 1965 the Ontario Water Resources Commission sent a 

directive to all pulp and paper mills in Ontario 

reQuirin~ that the level of suspended solids in waste 

emissions be reduced to 50 m~/L bY December 31, 1966. 

By 1978 the avera~e dischar~e from the industry in 

Ontario contained nearlY ILO m~/L of suspended solids: 

More than double the level required bY 1966. In addition, 

it should be noted that the industry has pro~ressed 

more Quickly with re~ards 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 

this does su~~est another weakness in the direct re~ulation-enforce- 

above may have le~itimately resulted from tech~ical difficulties, 
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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 

~r at least, to expend resources in attemptin~ to do-so. In add- 

ltion, any advancement which mi~ht result from such research mi~ht 

be imposed on the firm when Control Orders are renewed. This is 

not likely to be desirable from the firm's point of view, since it 

increases t.he firm's capital outlay with no correspondin~ increase 

in profits. Thus there is little incentive for e c l t u t i ne firms to 

conduct serious research into pollution abatement techniques under 

the direct re~ulation-enforcement approach. 

In addition, under the direct re~ulation-enforcement approach 

there is a tendency to set stricter quality standards for new 

sources than for existin~ sources. For example, the Pulp and Paper 

Re~ulations under the federal Fisheries Act sets standards which 

allow 50~ more emissions from e x i s t i ns than new mills. This 

makes economic sense where new plants can be built to take ad- 

v an t aë e of economies of scale or install less pollution intensive 

processes. This differentiated re~ulation however, provides an 

incentive for firms to continue to op~rate obsolete facilities, 

rather than to replace them with new facilities. In this way firms 

can delay compliance with the more strin~ent environmental stan- 

dards which apply to new facilities. Such a policy can, over time, 

Fesult in an adverse impact on productivity ~rowth, and in the 

short-run, could actually result in an increase in pollution 

emissions (Gruenspecht, 1982). In addition, such a policy would 

tend to neutralize the tendency, towards modernization induced bY 

environmental re~ulation su~~ested bY Meyers and Nakamura, (1980). 
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The direct re~ulation-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 

~ype of financial assistance may have some undesirable effects. 

Because the tax concessions can be applied onlY to capital expen- 

ditures, a firm wil I have an incentive to adopt abatement techniques 

this is not the least cost way of a ch t e v i nz pollution reduction. 

which require substantial amounts of abatement equipment, even if 

An example of the perverse incentive created bY tax provisions, like 

accelerated depreciation, is presented in Roberts, (1970, 1533): 

"SuPPose ••• a firm has a choice between two methods of 

abatement. One method involves purchasin~ si~nificant 

amounts of land on which to construct treatment ponds. 

The other method is to buY a set of mechanical devices. 

Under current tax law, the investment in mechanical devices 

would be depreciable, while the investment in land would 

not. Thus! considerin~ tax breaks, the mechanical approach 

the real cost to society, i.e. the cost before taxes, of 

mi~ht cost the firm less than the land-use approach, while 

the' land purchase method, would have been cheaper." 

These tax provisions may also bias abatement choices away from 

least cost techniques which have hi~h operatin~ costs or which 

i~volve process chan~es if, as is often the case, th~ tax break 
- 

applies only to facilities and equipment desi~ned sp~cifical Iy for 

e o II ution abatement. 



-19- 

(iii) Conclusions 

The direct re~ulation-enforcement scheme is open to two 

separate sources of criticism each of which has opposite conse- 

(a) This approach provides an incentive for fitms to 

quences for productivity: 

delay compliance bY usin~ technical and economic 

ar~uments. To the extent this is true, environmental 

little on equipment which could be defined purely as 

re~ulation would impose few productivity penalties on 

pol luting firms. Firms would tend to spend very 

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 diversi~n of Rand D expenditures into the develop- 

ent of abatement technolo~y would not be expected nor 

would any tendency towards increased modernization. 

(b) To the de~ree that this approach does induce compliance, 

it is n6l clear that the achievement of environmental 

quality standards is bein~ achieved in a cost effective 

way. First, there is no guarantee that any overal I 

environmental standard wil I be achieved at least cost 

when this framework is used. A cost effective scheme 

would require equatin~ the incremental cost of improvin~ 

environmental Quality (with re~ard to a sin~le pollution 
. 9 

parameter, say sulphur dioxide> at al I poi~t sources. 

The fact that abatement costs are not an irrtricate part 

of standard-setting ensures that cost effectiveness is 

not a likelY outcome of this process. 
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In addition, to the extent that the financial as s i s t an c e 

s c h eme s offered are effective they a l s o m i t i a a t e a e e i ns t 

the I e a s t c 0 ~ t s 0 lut ion. Bot h 0 f the s ete n den c:i e s wi I I ... 
r e s u l t in l a r e e r than required d i v a r s i c ns of c o e v e n t Lo n a l in- 

e u t s to abatement and away from primary production. A~ we II, 

the impact of differentiated r e a u l a t i o n between old and new 

point s o ur c e s would like Iy have a c ve r s e impacts (as s uë ae s t e d 

above) on e r c d u c t i v i t r e!rowth.IO 

The available .empirical evidence seems to favour the previous 

type of criticisms. The evidence from the U.S. on the impact of 

the direct ree!ulation-enforcement framework on productivity e!rowth 

seems to indicate that it is responsible for from 5-15~ of the 

slowdown in productivity e!rowth c ch r i s t a i ns e n and Haveman, 1981,387). 

The upper end of this scale comes from the Deni~on studies (1978; 1979). It 

has been s uaae s t e c . however, (tbid), 383) that these studies Yield over- 

estimates of the impact of environmental ree!ulation 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 equipment which Yields fewer residuals would tend to 

be recorded as primarily abatement equipment. I I In addition the 

evidence in Canada with r e a a r d to INCO and the pulp and paper mf l l s . 

di~cu~sed above, mie!ht lead one to conclude that the current direct 

rë2ulation-enforcement approach does not and has not provided a 

sr2nificant threat to productivity e!rowth 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 
re~ulations on the capital stock and its productivity appears 
very weak. Environmental re~ulations can have major adverse 
output and productivity impacts on certain ~ector~ or industrie~. 
These i me a c t e tend to be localized, however, and llecause of the 
small size of these s e c t o r s relative to the n a t i cn a l economy, 
they appear to have a rather trivial impact on macroeconomic 
performance." 

Of course if the precedin~ hypothesis that current enforcement 

procedures are ineffective is correct this does not imply that the 

impact of an effective environmental policy on productivity ~rowth 

would also be trivial. Many economists have su~~ested the use 

of economic incentives as a means of overcomin~ the ineffec- 

tiveness of the direct re~ulation-enforcement framework. Because 

the impact of these economic incentive schemes on the al location 

of resources is ~enerally felt to be substantial relative to the 

current approach, one mi~ht also expect the productivity impacts 

to be substantial. 

C. ECONOMIC INCENTIVE SCHEMESI2 

(i) Introduction 

Due to the costly nature of pollution abatement, compliance 

with environmental standards is not likely to occur unless the 

failure to control pollution is. made still more expensive. while 

the direct re~ulation-framework, even when complemented bY sub- 

stantial financial as~istance, seems. to fail, it is often ar~ued 

that economic incentives., when properly applied, may -induce more 

timely compliance. It is also ar~ued that these ecoQomic incentive~ 

can achieve desired level~ of abatement at cost~ that are sub~tan- 

tially less than those that would be incurred if compliance 
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were forthcomin~ under the direct re~ulation-enforcement framework. 

Economic incentive schemes require the le~islative authorization 

of a financial ch a r ae on environmentallY harmful conduct (Anderson 
- 

et al, 1977, I). One of the basic prototypes of thi& scheme is 

jhe effluent char~e scheme. Effluent char~e$ involvë the imposition 

~f a financial char~e on each unit of pollution emissions dischar~ed. 

A more detailed description and evaluation of this economic incentive 

scheme follows. 

(ii) The Effluent Char~e Scheme 

(a) Description: The theoretiçal basis for an effluent char~e 

scheme derives from the failure of the market to place a price on 

environmental services. The environment is an asset which Yields 

waste assimilative services to users (e.~. pulp and paper mills, 

municipal sewa~e treatment plants, smelters, etc.). Problems 

arise to the extent that the asset is scarce. More services to 

firms (Le. more waste emissions bY firms) lead to less environmental 

Quality and hence fewer recreational and other services available 

to other users. The failure of the market to reflect this oppor- 

tunity cost, or these dama~es, in a price for these waste assimila- 

tive services, induces their overuse bY polluters. Efficiency 

requires that firms internalize the dama~es which result from 

their pollution emissions when makin~ their production decisions. 

Otherwise, the tendency would b~ for pol lutin~ firms to under- 

estimate the costs of production and hence to overproduce. A 

thar~e per unit of pollution equal to the social dama~e of that 

unit of pollution will thus solve the environmental .problem. This 

is the basis on which effluent char~es were initial IY su~~ested. 

In order to implement such a scheme, important compromises 
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are required. In particular, because pol lution dama~es are almost 

impossible to compute, another approach to settiné effluent char~es 

must be adopted. Despite these compromises many economists ar~ue 

~hat a char~e scheme stil I compares favourably with {he direct re- 

~ulation-enforcement framework (Anderson, et al 1977>. 

A workable effluent char~e can be desi~ned to achieve a pre- 

determined environmental standard. This scheme involves s e t t i n a a uniform 

char~e per unit (i.e. pound, ton, etc.> of a particular type of 

pollutant (e.é. 502' particulates, etc.> on a" major polluters 

in order to achieve some overal I standard. It is important to 

the understandin~ of this and other economic incentive schemes 

to realize that cost m i n i m i z i n ë firms will abate pollution in 

response to such a char~e. A firm wil I continue to abate add- 

itional units of pollution a s l cn s a s the co s t of d o i na so (Le. 

the mar~inal cost of abatement> is less than the effluent char~e. 

In t h e o r r . the individual firm will abate until the ma r s i n a l cost 

of abatement (i.e. the cost of removiné an additional unit of 

pollution> equals the charée.13 

While a uniform charée is set for each point source, a diff- 

erent c h ar z e would likely apply to each pollutant included in such 

a scheme. The overal I standard must be determined bY the environ- 

mental authority and should be stated as the amount (i.e. pounds, 

tons, etc.> of a particular pol lutant (e.é. 5°2> which can be 

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

e~ample, the overal I standard miéht be such that al I major 502 

e mi t ter s ina r e ~ ion wou I d b e a I I 0 we d toe mit 0 ne mil I-i 0 n ton s 0 f 

502 into the air per Year. Thi& "&tandard", however, would not 

be translated into a restriction on the emi&sions of any particular 



-24- 

point source. The method of achievin~ this standard would be to 

set an effluent char~e and to alter this char~e each time period,14 

until this overal I standard is achieved. 

A further implication of this scheme is that ov~r time the 
- 

;char~e would have to be adjusted to maintain the overal I standard 

in order to compensate for inflation and ~rowth (Fisher, 1981). 

Continuin~ inflation would mean a decline in the real value of the 

ch a r s e . if its nominal value is fixed. This would result, e v e n t u a l l r . 

in emissions in excess of the desired level in particular years. 

Incorporatin~ an escalator clause that would cause the nominal 

char~e to vary with the annual inflation rate would lar~elY over- 

come the possibly costly necessity of annual Iy alterin~ the char~e 

by administrative decree, in order to incorporate the effects of 

inflation. 

Growth of output over time, and the resultin~ increase in the 

production of pol lutin~ by-products reQuires increasin~ly strin~ent 

abatement, if the overal I standard is to be maintained (Ma~at, 1978). 

The incentive to increase levels of abatement may reQuire increases 

in the real value of the char~e. 15 Thus the char~e mi~ht have to 

be adjusted upwards bY administrative decree. The si~nal for such 

an adjustment would be ~iven when emissions from the relevant point 

sources, in a~~re~ate, exceed (or fal I short of) the desired stan 

dard.16 The char~e would then be adjusted in order to achieve the 

overall standard. 

This system must obviouslY be supplemented bY a ·monitorin~ 

pro~ram. The purpose of monitorin~ 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 period, 
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where the time period in Question is the one over which the overal I 

standard has been set). Thi, would likely require takin~ a number 

of random $ample$ of emissions from each point source which would 

then be used to statisticallY estimate the total emi~ions from 

!hat source durin~ a particular time period. This d~a would then 

~rve two purposes: 

(i) when a~~re~ated for al I relevant sources it shows 

point sources which can be calculated as the 

whether the overal I standard is bein~ met and hence 

whether the char~e $hould be altered; 

(1i) it 1$ used to determine the payment bY individual 

char~e times the calculated emissions from the 

point source. 

The revenue ~enerated bY this scheme once the optimal char~el7 

has been set can be calculated as the product of this char~e and 

the overal I standard. Of course, in transitional years, as the 

char~e i$ bein~ iterated, revenues could be lar~er or smaller than 

this amount.18 The$e revenues would be used to finance environment 

pro~rams such as stream re-aeration, alterin~ stream flow, and 
: 

financin~ collective abatement facilities, as wei I as, to finance 

the administrative and monitorin~ costs of the ~overnments environ- 

mental pro~ram. Re$idual funds could also be used to finance 

(b) Evaluation: This variant of the effluent char~e scheme 

research into abatement technolo~ies. 

compares favourably with the direct re~ulation-enforcement approach. 
- 

Unlike the latter approach there is no incentive und~r an effluent 

char~e to delay the installation of abatement equipment. While 

failure to instal I abatement equipment does result in the same type 
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of cost savin~s described in the previous section, it also 

results in a l a r s e r effluent c ha r ë e bill. While there is 

no incentive for bar~ainin~ or delay of compliance 

once the char~e has been set, there wil I likely be b~r~ainin~ 
.- 
fuver the imposition of the char~e: whether this type~of scheme 

~hould be imposed and what the initial level of the char~e should 

be. 

The effluent c h a r ae scheme r e e r e s e.n t s a decentralized method 

of control. Once the char~e is set it is UP to the firm to decide 

reductions, input substitutions, chan~e in product mix, etc. One 

how to reduce pollution emissions. There are u s u a l l v several 

possibilities: end-of-pipe treatment, process chan~e, output 

reputed advanta~e of these decentralized economic incentive schemes 

is that it is the firm which chooses the appropriate abatement netho- 

dolo~Y and the firm wil I ObviouslY do so in ë manner which wil I minimize 

the social cost of a c h i e v i na a z i v e n level of abatement. Under the 

centralized methods used in the direct re~ulation-enforcement 

framework, in which a plant is sometimes ordered to adopt a parti- 

cular abatement technolo~Y, the flexibility the firm enjoys under 

the effluent char~e scheme, with respect to choice of abatement 

technique is somewhat reduced. As a result abatement cost at a 

point so~rce wil I likely be hi~her under the direct re~ulation- 

19 enforcement framework. 

A popular criticism which has often been levied a~ainst 

economic incentives and, in particular effluent char~s, is that 

t h e r provide a licence to pollute. It is often c on t e'n d e d bY 

le~islators and environmentalists that faced with a char~e, firms 

will merelY pay the c n a r s e and continue to pollute (Kelman, 1981). 

The empirical evidence, however, does not support this contention. 
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t o t r e e of the effluent c h a r ae called sewer s ur c h e r ae s , The par- 

Much of the available evidence can be found in studies of a pro- 

In one study of poultry processin~ plants located in various 

ticulars of this scheme are discussed in the next section. 

U.S. cities Ethrid~e, (1972) found that for every Irc increase in 

~surchar~e rates BOD d i s ch a r ë e s per 1000 birds fell bY .src. Elliott 

and s e ae r e v e s . (1972), in a studY of the overall impacts of these 

Another analo~ue to the effluent char~e scheme is the bevera~e 

sewer surchar~es in various U.S. cities, also found that industrial 

BOD emissions appeared to respond ne~atively to the level of the 

surchar~e. A Irc increase in the surchar~e rate in a typical city 

was found to result in a .arc decline in industrial BOD emissions. 

Sims, (1979) found considerable abatement responsiveness to sur- 

char~e schemes bY breweries located in various Canadian cities. 

A I rc inc rea sei nth e sur cha r ~ era teo n BOD wou I die a d t 0 a • 5 7 3rc 

decline in BOD emissions from a typical brewery. 

container deposit scheme currently in use in various North American 

jurisdictions. This scheme acts like an effluent char~e 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 char~e, in terms of fore- 

~one revenues. Such a plan has been adopted in Ore~on, where a 

deposit of two cents is required on reuseable bottles and five cents 

on all other containers. Various studies s u s ë e s t that these rather 
- 

Limited char~es have been Quite effective in limitin~ the can and 

bottle component of the solid waste stream. In particular the 

returns of refillable beer bottles has increased from 31rc to 96rc 

of the market. In addition, bottle and can litter decreased bY 
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over 65~ in the year after the introduction of this scheme in 

ü r e ë o n (Anderson et al, 1977,68-71). 

These studies al I provide evidence of a substantial respon- 

siveness to economic incentives, and in particular fo various ... 
~analoéues of the effluent charée. Based on this eviDence aréu- 

~ents that effluent charé!e schemes and economic incentives in 

s e ne r a l merely provide a license to pollute seem somewhat e ue s- 

tionable. 

with respect to cost effectiveness20 and informational re- 

Quirements, it has loné been maintained that market-type schemes 

and especially eff luent c h a r s e s have a dv en t aae s over the direct 

reéulation-enforcement framework.21 The a r aume n t that is usually 

made involves compariné! the cost effectiveness a sinéle effluent 

charée and a uniform effluent standard in achieviné! a total 

reduciion in the emissions of a particular pol lutant. The effluent 

charée is adjusted until the required Quantity of abatement is 

achieved. with the uniform standard, total abatement is divided 

equally amo n ë all of the point sources. Provided all point sources 

do not have identical control cost functions the costs of achieviné 

a ~iven level of abatement will always be minimized with the charée.22 

There are at least two problems with this aré!ument: 

( I). an e f flu e n t s tan dar d wh i chi s cos t e f f e c t ive 

could obviously be desiénedi 

(2) the cost-effectiveness of these sinéle price 

market schemes disappears when firm locati~n 

and pol lut ion dis Per s ion bec 0 m e imp 0 r tan t as 

they undoubtedly are in the real world. 

The first problem « I) above> implies correctly that almost 

any environmental policy can be cost effective and as a result the 
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relevant Question involves the informational requirements for such 

schemes to be cost effective. If our ~oal is the reduction of 

a particular quantity of a pol lutant, (i.e. for the moment we i~nore 

problem (2» then to achieve this with a standard wou:ld require .. . 
~knowled~e of the abatement cost at each point source~ Alternatively 

.lne could iterate a sin~le effluent c h a r ë e until the standard is 

achieved. While, in theory, this does not require knowledge of the 

cost curves, in practice it probablY does. If a charee is set too 

In most real world pollution s i t ue t i cns it is not clear that 

hieh and the pol luter is induced to adopt a lasting and incorrect 

or inefficient method of e e II ution 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 

pol I u t1 on cha r g esc hem ere qui r e & s a me k now led g e 0 f CO!! till • 

the appropriate eoal is the reduction of a eiven quantity of 

pollution. In !!ome circumstance!! it may be that the appropriate 

ioal i& a certain level of ambient air Quality at selected point!!. 

The difficulty with thi!! is that a pound of emissions from various 

firms does not have the same impact on air Quality at a eiven 

receptor point. The impact of the emissions depends on thin~s like 

firm location and meteorolo~ical conditions. As a result cost 

e f te c ti v.e n es s r e Qui res spa t i a I I y di f te r en t i ate d e f flu e nt cha r ~ es. 

where the appropriate environmental eoal is an ambient standard, 

• uniform char~e of the type described above wil I not, in ~eneral, 

~ cost effective (i.e. the ambiEnt standard wil I not be achieved 

at t e as t c e s t r , There are, however, obvious administ.rative 

advanta~es to a uniform, rather than a spatiallY differentiated, 

c h a r ë e , The empirical evidence on the cost e dv an t as e of a s e a t t a t l v 
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differentiated char~e over a uniform char~e is mixed. Atkinson 

and lewis, (1974) found that incorporatin~ spatial and meteorolo~ical 

aspects into an effluent char~e scheme resulted in substantial 

cos t s a vin ~ s,on the 0 r der 0 f 5 O~ • I n a m 0 r ere c e n t ~ t u dyE h ear t , 

~(1980) found that the cost a dv an t aae of a d i t t e r e n t re t e d c h a r ae 

- ~cheme over a uniform char~e in achievin~ a uniform standard was 

minimal and never exceeded 3~ at various levels of disolved oxy~en 

at a receptor in the Wil lamette river.23 More work is obviously 

reQuired on the cost advanta~e of differentiated versus uniform 

char~e schemes. 

The available empirical evidence does, however, su~~est that 

an improvement in ambient Quality in a re~ion can be achieved 

more cheaply with a uniform char~e than with uniform direct controls 

(i.e. effluent standards). In a study of the Delaware Estuary 

(Kneese, 1977) it was found that the cost of achievin~ an ambient 

water Quality standard of 3-4 ppm of disolved oxy~en was $20 mil lion 

annually with uniform treatment (i.e. the same percenta~e reduction 

at al I point sources). Whereas with a uniform effluent char~e the 

same ambient water Quality level could be achieved at a cost of 

$12 million per annum.24 Some of the theoretical complications 

en~endered bY incorporatin~ spatial and meteorolo~ical or hYdro- 

lo~ical 'aspects into the environmental ~oals are discussed in 

Ti e t e nb e r ë • (1978;1980). 

Effluent char~es are also reputed to compare favourably with 

fhe direct re~ulation-enforcement framework with re~àrd to the 

impetus for technical advancement (Fisher 1981,191),;- With the 

direct re~ulation-enforcement framework there is no incentive to 

reduce emissions below that reQuired in the le~islation. With an 
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to adopt innov~tions which reduce the costs of achievin~ a eiven 

effluent char~e, however, that incentive, alone with the incentive 

level of abatement, is present. Innovations which allow the 
. 

achievement of hieher deerees of abatement are advan~aeeous to 
•. l he fir m , nom a t ter wh a t the cur r e n tie vel 0 f em iss ion s, sin c e 

1ft allows the reduction of the total effluent c ha r ae payments. 

The hesitancy towards innovation which exists under the direct 

It is sometimes a r au e c that market schemes I ike eff I uent 

reeulation-enforcement framework does not appear to be present with 

the effluent charee scheme. 

charees are administratively infeasible because they require con- 

tinuous monitorine (Drayton, 1978). In fact, in actual applications 

of effluent charee schemes in Europe and in North America (i.e. 

sewer surcharee schemes) continuous monitorine is not employed. It 

seems clear that proportional monitorine could be used to determine 

a reliable estimate of emissions from naJor point sources. There is 

always some s t e t i s t i c a l l v defined optimal sample size dependine on the 

distribution of emissions, the variance of the distribution and the 

required d e z r e e of accuracy, which when collected will provide a 

dependable estimate of the total Quantity of emissions from a par- 

ticu~ar point source. One mie:ht even are:ue that if continuous 

monitorine: is ever required it would occur with effluent standards 

which are set in concentration terms. If, as seems clear, courts 

lëvy fines which are no e:reater than the d arna a e s of e o II ution offences, 

t.h e n i nor der toi n duc e com pli a n ce, a pol lut e r mu s t b-:-e cau e: h t a I m 0 s t 

every time it is in excess of the standard (i.e. the probability of 

beine: fined must approach 100%). Because in most economic incentive 

schemes al I that is required is an estimate of the overal I Quantity 

of emissions continuous monitorine is not required. 
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Also for some types of pol lutants, determinin~ overal I 

emissions is relatively simple. For example, at a thermal power 

plant, total 502 emissions can be calculated ~iven information on 

the su I fur content of the fue I burned, the amount of fue I burned 

" and the Qua n tit y 0 f S 0 2 ~ a the red i n pol lut ion con t r oj e Qui pme nt. 

~his type of materials balance approach to monitorin~ is currently 

used in Ontario to verify monitorin~ reports received from various 

., 

point sources. 

There are, however, several practical problems with an effluent 

char~e scheme. As su~~ested in the previous section, the char~e 

may have to be adjusted at re~ular intervals to maintain a ~iven 

effluent standard as ~rowth occurs. If it is administrativelY 

difficult or infeasible to alter char~es at re~ular intervals 

this scheme would, ceteri~ paribus, lead to a growth in emissions 

over time (Ma~at, 1978). 

In addition, the revenues ~enerated bY effluent char~es may 

reputedly result in various ne~ative local economic impacts. These 

local economic effects include plant closin~s, production cutbacks, 

price increases and layoffs as a result of the effluent char~e 

payments made bY polluters and the resultin~ cost increases. One 

studY bY Palmer et al (1980) found that the direct re~ulation-enforce 

ment framework applied to certain pollutants in a particular re~ion 

resulted in a~~re~ate abatement costs of $230 mil lion. A system 

~f effluent char~es reduced the abatement cost of achievin~ the 

sam e Qua n tit y 0 f e m i s s ion s t 0 $ I 10m i I I ion. The am OjJ n t p aid b y 

the firm on r e ma i n i ne emissions was $1400 million, mo r e than e n o u ëh 

to wipe out any advanta~e the effluent char~e created in terms of 

lower abatement costs. This may also explain industrial opposition 

to char~e schemes. 
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Cc) Conclusions:' It seems clear that the type of economic 

incentive scheme (i.e. the effluent char~e scheme) discussed above 

can have cs substantial impact on resource allocation and hence on 

productivity ~rowth in a firm and within a re~ion. Such a scheme 
.... 

~ot onlY provides a ~reater inducement to abatement,-thus resultin~ 

In a ~reater diversion of conventional inputs away from primary 
..... 
production but also provides a ~reater impetus to the diversion 

of Rand D expenditures towards abatement technolo~y. The analysis 

here su~~ests the Qualitative possibility of such effects. 

Our concern in the remainder of this studY wil I be with the 

impact of a type of ~ffluent char~e scheme which is currentlY imposed 

in various Canadian jurisdictions on waste emiss10ns)bY industrial 

e o l l u t e r s j t c the municipal sewer system. An analysis of b r ev i ns 

firms, some subject to this type of char~e, others subject to little 

or no environmental re~ulation, should provide important insi~hts 

as to the likely impact of this type of re~ulation on productivity 

~rowth. A more detailed discussion of the sewer surchar~e scheme 

and the form these char~es take in various Canadian jurisdictions 

follows. 
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IV. SEWER SURCHARGE SCHEMES IN CANADA 

A. INTRODUCTION 

An effluent char~e i~ a financial levy which certain firm~ 

- 
mus t pay per unit of pollution e rn i s s i o n s , Economi~t~- ar ë u e that .. 

~impo~in~ a price on e o II ution i n d u c e s a firm to e r e ve n t e x c e s s i v e 

~a~te emi~~ion~ (i.e. to abate pollution). They al~o ar~ue that 

effluent char~e5 are 5uperior to other admini5trative technique~ 

~uch a5 pol lution ~tandard~ or ~ub5idie~. De5pite thi5 ~eneral 

acceptance bY economi~t5, effluent char~e~ have not hi~torical Iy 

been a major component of environmental pro~ram5 in Canada. Re- 

centlY however, the idea of char~in~ for pol lution ha~ been instituted 

in s e v e r a I jurisdictions. Th e s e c h a r e e s have z e ne r a l l v been based 

on the emi55ion5 of indu5trial polluters into 5anitarY sewers. 

This ~ection describes and compares sewer effluent char~e 

schemes currently in use in Canada. The jurisdictions surveyed 

include Winnipe~, Manitoba; Edmonton and Cal~arY, Alberta; and 

London, Kitchener and Toronto, Ontario. While this does not 

represent an exhau~tive li~t of jurisdictions, which have instituted 

sewer effluent char~es, it does include those areas, which have had 

the most experience with them. 

The ~ewer effluent char~e ~chemes currently used in Canadian 

jurisdiciions ~eneral Iy involve two component~: a sewer 5ervice 

The sewer surchar~e is a unit char~e levied a~ainst "extra- 

char~e and a sewer surchar~e. 

5"t r e n ~ th" e mis s ion s b y c e r t a i n i n dus tri a I p a I lut ers ..:.. "E x t ras t r e n ~ th" 

emissions are those which exceed certain le~islated ~imits on 

concentration. For example, the allowable or l e ë i s l a t e d level of 

biochemical OXY~en demand (BOD) in London, Ontario is 300 part5 per 
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mi II ion (ppm). This means that for every million e c unc s of HWa!e 

emitted a surcharéed firm can dump 300 pounds of BOD into the 

sanitary sewers without any surcharée payment. If a firm's 

averaée BOD concentration in its waste emissions was~450 ppm, a 

~urcharée would be paid only on 150 pounds of a totat of 450 

.Qounds emitted for e ve r z million pounds of sewaée c t s c h a r ae e , The 

total surcharli!e paid bY a representative firm is determined by 

(or some proxy for this volume) emitted into the sanitary sewer 

multiplyinli! the surcharli!e rate times the volume of waste emissions 

is equivalent, as wil I be shown in section B, to levYine a charee 

system. The surcharee rate is based on the strenli!th of certain 

pollution parameters, such as BOD, suspended solids (55), érease 

and phenols, above the l e s i s La t e d or "normal" concentrations. This 

per pound of "extra strenli!th" pollution. 

The sewer service charli!e is a charee levied to cover the 

costs of treatine "normal" strenéth wastes.25 This charée is 

normally paid by all users of the s an i t a r r sewer system, includine 

residential households. In most cases these charées comprise 

either part of the polluter's water bill or part of his property 

tax rate. At any rate, unlike the surcharee, it does not 

assume a sewer service c h a r ë e of $.28 e e r 1000 eallons of water 

necessarilY vary with the pounds of waste emitted. For example, 

consumed in a particular Jurisdiction, say London, Ontario. If 

t'wo firms each consumed 20 million éallons of water their sewer 

sërvice charees would be equal at $5,600 per annum. ~Yet if the 

concentration of BOD in waste emissions was 250 ppm f~r firm I and 

300 ppm for firm 2, then firm I would be ,emittiné 50,000 pounds of 

BOD while firm 2 would be emittiné 60,000 pounds of BOD. Neither 

firm would pay a surcharée. 
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In the remainder of this section sewer effluent char~e 

schemes presentlY b e i n a administered in Canada will be described 

and compared. 

B. A SURVEY OF JURISDICTIONS 

(i) London, Ontario 

The sewer effluent char~e scheme in London Ontario was instituted 

in March 1971 with the c as s Ln a o r bY-law W-731-137. This provided for 

sewer surchar~es on industrial waste emissions into the municipal 

sewera~e system. In May 1974 the surchar~e formula was amended 

with the e a s s i n ë of by-law W-731(a)-268. 

The London scheme provides only for the payment of a sewer 

s u r ch a r e e bY certain i a r s e industrial poll u t e r s . with sewer service 

or rental char~es on normal stren~th wastes paid with property 

taxes. 

The surchar~e in London, Ontario was imposed on the emissions 

of biochemical oxy~en demand (BOD) and suspended solids (55) by 

lar~e industrial polluters. In addition,26 certain standards have 

been set with respect to fats, oils, ~rease, temperature, pH, etc. 

that are dischar~ed in sufficient quantity to interfere with the 

sewa~e treatment process. The char~es for BOD and 55 are imposed 

for dischar~es with concentrations in excess of 300 and 350 parts 

per million (ppm) respectively. As a result of a l l cw i n a emissions 

.....:ith concentrations below a certain level free, c h a r a e s like the 

one s imposed in London are called s ur c h a r ae s . 

law W-731-137 for the city of London states: 

s e c t i on 3(~) of bY- 

"If the dischar~e of wastes are of such unusual stren~th or 

character in respect to biochemical oxy~en demand (BOD) and/or 

suspended solids (55), that compliance with this by-law is not 
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possible, the Corporation of the City of London may a~ree to 

supply special treatment, subJect to payment therefore as provided 

in section 7, hereof." 

Section 7 outlines the char~e (or surchar~e) imFosed on .. . 
~xcess stren~th waste. The char~e attempts to cove~the costs of 

ireatin~ these excess stren~th industrial wastes at the sewage 

treatment plant. In the le~islation, no emphasis was placed on 

the deterrent aspects of the surchar~e with respect to industrial 

emissions. 

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

1974 was: 

SCHi = (1/2){(C/IObQ)( IOibWi/I06) 

+ (CIIOSQ)( IOisWi/I06)} 
( I ) 

where C is the average cost of operatin~ the sewa~e treatment 

plant for the previous 3 years in dollars; 

b is the wei~hted avera~e BOD in ppm of influent flows 

to the sewa~e .treatment plants for the previous year, 

less 15 ppm; 

less 15 ppm; 

s is the wei~hted avera~e of SS in ppm of influent flows 

to the s e wa s e treatment plants for the previous year, 

Q is the total flow to the sewa~e treatment plants for 

the previous Year in millions of s e l l o n s (m.~. H 

W. is the waste flow in s a l t on s per annum to be used in 
1 

the levy a~ainst firm ii 

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

composite samples, minus 300 ppm; 
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i is 55 in ppm at firm i determined from composite s 
samples, minus 350 ppm; 

and SCH. is the annual levy a z a i n s t firm i in dollars. 
1 

Fro m t his for mu I a the cha r ~ e in dol I ars per pou rid 0 f pol lut ant 

tBOD for example) is: 

x = (1/2)(C/IObq) ( 2 ) 

whe re 1/2 represents the portion of treatment costs allotted 

arbitrarilY to the treatment of BOD; 

10 is the approximate number of pounds in an imperial 

~allon;' 

and x represents the estimated cost per pound of BOD 

treated. 

The number of pounds of BOD that firm i must pay the char~e 

on is determined accordin~ to: 

whe re ib = bodi -300, and bodi is the avera~e concentration of BOD 

emissions from firm i in ppm; 

and Vi is the number of pounds of BOD dischar~ed for 
b 

which firm i must paY a char~e. 

Accordin~ to the formula fo r i each fi rm mU5t only for Vb' pay 

emissions with BOD concentrations in excess of 300 ppm.27 This is 

equivalent to al lowin~ firm i to emit zi pounds of BOD free of 

c h a r ë e . where: 

(4 ) 

T_h u s iff i r mid i s cha r ~ e s 2 mil' ion ~ a , , 0 n s 0 f w ate r -p era n n u mit 

could theoreticallY emit 6000 pounds of BOD to the se~er system 

without incurrin~ anY sewer surchar~e costs. 
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After 1974 the ~urcharee formula u~ed in London wa~ chaneed. 

Ie the new ~urcharee i~ ba~ed on a charee per unit volume of 

,ee, it can be ~hown that thi~'new formula is merelY a variant 

~he "old" formula. One can thus s t i l l determine ~a c h a r ae per .. 
Jnd of BOD and per pound of 55. 

The new surcharee formula which came into effect in London 

974 with bY-law no. w-731(a)-268 i~: 

5 CHi = Qi { f b ( B . - B ) I( B ) ,:I' f (5. - 5 ) I (5 » (T I I 00) ( 5 ) 
1 mm s 1 mm 0 

Qi i~ the ~uantitY of ~ewaee in thou~and~ of imperial 

aa t t cns d i s c h e r ë e c bY firm ii 

fb is the' proportion of co~ts al located to the cost of 

reducine BOD (Note: in London fb is assumed eQu81 

to .5,); 

fs is the proportion of c c s t s allocated to the cost of 

reducine 55 (Note: In London fs i~ a~~umed e~ual 

to .5) i 

Bi is BOD in ppm determined from composite samples 

from firm ii 

5i is 55 in ppm determined from composite samples 

from firm ii 

Bm is by-law maximum limit BOD = 300 ppm; 

5m is by-law maximum limit 55 = 350 ppm; 

To is the operatine costs of sewa~e treatment, in cents 

per thousand imperial a e t l o n s of s e w a ë e . based on the 

costs for the year for which the surchare!e is bein~ 

levied; 

SCHi is the annual levy a s a i n s t firm i in dollars. 
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This is to be compared with the old surchar~e formula. In 

the old formula: 

( 6 ) 

- .. 
Therefore: 

( 7 ) 

In the old formula: 

( 8 ) 

Therefore: 

T = c z t os o 
( 9 ) 

Hence: 

5CHi = fb(C/IOBmq)(IOibWi/I06) 

+ f (C 1105 q) ( lOi bW . 1106 ) s m 1 
( 10) 

where fb - fs = 1/2 

ib = B. -B 
1 m 

i = 5. -5 s 1 m 

Therefore the only difference between the new and old formulae 

is in the substitution of Bm and 5m for band s respectively. 

Since these are variables over which individual firms exhibit no 

control, it is not expected that the allocative effect of the 

On the other hand, in years in which B >b and 5 >s the implicit m m 

formulas' wil I be dissimilar. 

cfîa r ae per pound of BOD and per pound of 55 will be lower under the 

nE:,w formula, ceteris paribus. 

It may be arf!ued that since Bm and Sm are more stable ma~nitudes 

than band s this chan~e introduces more stability into the char~e 

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

f CT IS ) som 

where E.C biS the imp I ici t cha r ~ e in dol I ars per pou n ~ 0 f ext ra- 
- 

stren~th BODi 

and EC is the implicit c h a r ë e in dollars per pound of extra s 

stren~th 55. 

In t982 the char~es in London per pound of BOD and 55 we r e : 

ECb = ( I 12) ( 42.0 1300) = 7. o¢ 
EC = (1/2) ( 42.0 1350) = 6. o¢ s 

where fb = f = 1/2 s 
T = 42.0 
0 

B = 300 m 

5 = 350 m 

(i 1) winnipe~, Manitoba 

The first sewer effluent char~e scheme in Canada was instituted 

in winnipe~, Manitoba on January I, 1958. By-law 80 provided 

effluent char~es for industrial waste emissions to sewers or rivers 

within the district. In addition by-law 65 set the f c l l ow i n ë limits 

on various pollutants: 300 parts per million (ppm) for BOD, 350 ppm 

for 55, and 100 ppm for ~rease. As a result of establishin~ a 

metropolitan ~overnment these by-laws were incorporated into by-law 

t-2 i n I 96 I. Fur the r cha n ~ e s we rem a dei n I 9 6 7 wit h the ado p t ion 

o.i by-law 1239. 

The winnipe~ scheme provides a sewer service char~e based on 

the annual capital and operatin~ costs of treatment facilities 

per 1000 a a l l o n s of s e w a e e treated. This c h a r s e is paid on 

metered water consumption. 

The surchar~e scheme is applied only to certain industries 
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in Winnipe~. The surchar~e is paid onlY on extra stren~th wastes 

i.e. those emissions with concentrations of BOD, 55 and ~rease in 

excess of 300 ppm, 350 ppm and 100 ppm, respectively. In order to 

~ain permission to emit these extra stren~th wastes a firm must 

fi r s t 0 b t a ina I ice n se, w hic h r e Qui res t hat a fir m f u 1"'1 i I Ice rt a i n 

cânditions outlined in the by-laws. 

The total surchar~e for a representative firm is determined 

as f o l l ow s r 

( I 2 ) 

whe re Qi is 1000's of imperial ~allons of s ew a ae emitted into 

the sanitary sewers bY firm i; 

R. is the s u r c h ar s e in cents per 1000 imperial I!allons 
1 

of emissions bY firm i; 

and 5CHi is the total surchar~e in cents paid bY firm i. 

The s ur c h a r ae rate is determined as follows: 

Rl. = {fb(B.-B )/(B ) + f (5.-5 )/(5 )}T 
1 m m s 1 m m 0 ( I 3 ) 

+ (C.-C >T/(C ) + (X.-X >T /(X ) 
1 m c m 1 m x m 

whe re fbds'Bi'Bm,5i, 

surchar~e scheme; 

and 5 , are defined as in the London rn 

T is as defined in the London ~cheme but also includes 
o 

some of the sewa~e treatment plantis capital costs; 

C. is the chlorine demand in ppm in the industrial wastei28 
1 

C is the chlorine requirement in ppm in the sewa~e m 
servin~ as base or normal; 

X. is any substance (for example, a r e e s e ) r-e s ut r i ne add- 
1 

itional treatment in ppm in the industri~1 waste; 

Xm is the base or normal concentration of Xi in ppm; 

T is the unit char~e based on the cost of required chlorine c 

as set out in the allocation and precepts by-law; 
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T is unit char~es based on cost of treatin~ any substance x 
reQuirin~ additional treatment. 

This formula is similar in structure to that of London, Ontario 

and thus the surchar~e could be stated implicitly as a char~e per 

.... = fb(T lB ) a m = .SO( 13.1/300) = 2. 18Œ 

pound of the various pollutants. In winnipe~ in 1982 ;;these 

i~plicit char~es per pound of BOD and per pound of 55 ~ere: 

= f (T IS ) som = .50( 13.1/350) = I. 87¢ 

whe re fb = .50 

f = .50 s 

To = 13. I 

Bm = 300 

S = 350 m 

(iii) Kitchener, Ontario 

The city of Kitchener first imposed a sewer effluent char~e 

scheme in 1972 bY e a s s rn s bY-law 7439. The scheme is now controlled 

bY the Re~ional Municipality of waterloo under bY-law 29-73 and is 

b e i n a expanded t h r o uëh o u t that r e s i o n , 

The Kitchener-waterloo scheme is an exact replica of the 
~ 

Winnipe~ scheme except that the surchar~e is based only on BOD and 

55.29 As with the Winnipe~ scheme there is a sewer service char~e 

based on water consumption and paid with the utility bil I. The 

sewer service rate in Kitchener in 1975 varied from 34.9¢ to 50.6¢ 

30 peT 1000 a a l l cn s of water consumed, but now is calculated as 100~ 

of-a firm's water bil I. 

The authorities in the Waterloo re~ion monitor ea~h surcharéeable 

firm's waste emissions twice each Quarter. 

In 1982 the implicit char~es per pound of BOD and per pound of 

55 were: 
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ECb = (1/2)(36.07/300) = 6.01¢ 

ECs = (1/2)(36.07/350) = 5.15e 

(iv) Edmonton, Alberta 

The sewer effluent char~e scheme in Edmonton consjsts of both 
- ,., 

a :"sewer service c h ar ae and a sewer s u r c h a r ae , The sew_~r service 

c~_ar~e is levied per 100 cubic feet of water consumed and is levied 

monthly with the water bil I. The sewer surchar~e affects only cer- 

tain industrial polluters. It was introduced in December 1959 in 

by-law 1978. The c h ar ae 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 ~rease and oil. 

If .any of these limits were exceeded the polluter was c h a r s e d 

N x 6¢ per 100 cubic feet of water consumed where N is determined 

as follows: 

N = I + (x/3000) + (y/2250) + (z/900) ( 14) 

where N is the multiplier of the standard 6¢ rate for water; 

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 ppm; 

and z is the difference between the actual ~rease in parts 

per mi II ion and the a II owab I e a r e a s e in ppm. 

Note that the addition of one to the ri~ht-hand side of the 

equation indicates onlY that surchar~ed firms also pay the sewer 

s e ry i c e c h a r z e , 

In 1960 the allowable concentrations of pollution:_fell to 700 

ppm for BOD, 400 ppm for 55 and 200 ppm for ~rease. In 1975 these 

were a~ain amended to 500 ppm, 350 ppm and 150 ppm respectively. 

Currently the allowable concentrations are 300 ppm, 300 ppm and 
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100 ppm, re$pectiveIY. 

In 1974 the form of $urchar~e formula wa$ chan~ed with the 

pa$$in~ of bY-law 4264. For every pound of BOD beyond the limit 

.76i. The pounda~e to which the$e rates are applied are calculated . 

outlined a char~e of 1.4¢ was to be levied. Similarly for 55 and 

~rease the char~e was 0.45¢ and 0.60¢ per pound respectively.31 The 
. 

c u r.r e n t rat e s for BOD, 5 5 and ~ rea s ere s p e c t ive I y are I ~ .... 7 7 ¢' .57 ¢ and 

for each component as fo II ows: 

(component tested - component allowed) x water consumption 

x 62.29/106 ( 15) 

whe re component tested is the result of sewa~e sample tests 

in ppm; 

component allowed is allowable limits in ppm; 

~nd water consumption is the total amount of water 

consumed in cubic feet. 

Note that 62.29/106 converts water consumption from cubic feet 

to mi I I ions of pounds. 

Monitorin~ of an industrial point source in Edmonton takes place 

approximately four times per month. These are either 24 or 16 hour 

composite samples. 

(v) Cal~ary, Alberta 

Cal~ary has had a sewer effluent char~e, made UP of a sewer 

service char~e (72~ of the water bil I in 1982) and a sewer surchar~e, 

since 1958. By-law 8718 passed in January 1974 defined the current 

surchar~e scheme. 

Accordin~ to section 16 of this bY-law the limits on BOD, 55 and 

~rease are 300 ppm, 300 pp, and 100 ppm respectively. The surchar~e 

is determined as follows: 

Ri = .123B + .1365 + .143G ( 16) 
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where R. t s the s u r c ha r ë e rate in ¢ per 1000 i!allon!.i 
1 

B i!. the actual concentration of BOD emi!.!.ions in ppm 

minus 300i 

5 i!. the actual concentration of 55 in ppm minu!. 300i 

and G i s the actual concentration of i!re~!.e: in ppm 

minus 100. 
- R.~i!. multiplied bY the mcn t h l r aa l l cnaae of water c o ns ume d bY the 

1 

particular firm and i!. paid with the utility bil I. 

The!.e chari!es can be stated per pound of BOD. In order to 

facilitate this one must first express equation (16) in a form similar 

to the london or winnipei! surchari!e scheme!.. Now: 

( 17) 

where 

W.C62.29) = -1----~.123(B. -B ) *·.136(5. -5 ) ~ .143<8. -G )} 
106 1 m 1 m 1 m 

5CHi, Qi' Bi' Si' 5m and To are as defined in the london 

!.urchari!e schemei 

G. is i!rease emissions in ppm bY firm ii 
1 

and Gm is the l e s i s l a t e d limit on ar e as e (100 ppm). 

Under a london-type scheme in which BOD, 55 and ar e as e are s u r c h a r ae d r 

R i = T 0 { f b ( B i - B m )1 ( B m) + f!. ( 5 i - 5 m ) I ( 5 m ) 

+ f (G.-G )/(G )} 
E! 1 m m 

( 18) 

where fs' fb and fi! are the proportion of sewai!e treatment costs 

at·tributable to 55, BOD and i!rease respectivelY. 

Therefore from (17) and (18): 

• 123 = f b T 0 IBm 

136 = fsTol5m 

14~ = fl!To/Gm 

From equation (I I) these are shown to represent implicit chari!es in 

( I 9 ) 

do II ars per pound of BOD, 55 and a r e a s e emitted. 

In addition, we know that: 
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f~ = I - f s - f 
b 

B = S = 300 m m 

and G = 100 m 
It can thus be shown with the aid of (19) that: 

f = .4435 s 

fb = .40 I I 

fE! = • 1554 

and T .- 92.0¢ 
0 

Hence from equation (I I) the charE!e per surcharE!eable pounds of 

BOD, SS and E!rease is: 

ECb = 12.3¢ 

ECs = 13.6¢ 

ECE! = 14.3¢ 

The CalE!ary scheme does diverE!e from the previous schemes in 

at lease two ways. Section 18 subsection 2 of the by-law states that 

if a firm installs pollution abatement equipment the c i t v m'ay refund 

up to 50~ of the sewer surcharE!es paid over the previous three years. 

The amount of this refund is limited however, to the amount of the 

capital costs of the new facilities installed. While this is meant 

to be an additional incentive for abatement its pnobable effect is 

to induce capital intensive abatement techniques which may indeed be 

inefficient. 

In addition, with respect to monitorinE!,samples are taken on a 

quarterly basis, but a E!reat deal of reliance is placed on samplin~ 

do~ bY the firms on their own wastes. 

(vi) Toronto, Ontario 

The sewer effluent char~e in Toronto is based primarilY on a 

sewer surcharE!e with payments for treatment of normal waste concen- 

trations beinE! levied in property taxes. Municipalities in the Metro 
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~re~ h~ve h~d experience with &urch~r~e& &ince 1967. The 1977 

limit~ on the emission& of waste in Toronto a& stated in by-law 2520 

were 500ppm for BOD, 600 ppm for SS, 150 ppm for ar e as e and I ppm 

for phenol&. The current ~urchar~e formula i~: 

Annual 5urchar~e = VxFxGxC 
." 

wMre V i s the volume of annual plant d i s c b e r ë e in s a t t cns t 

F i& a factor c cnve r t rna ppm into pounds per ~~llon = 11105; 

G i& the exces&ive concentration of 55 (S), ~rease CG), 

BOD (B), or phenols (P) in ppm whichever is ~reatest 

in exces& of their respective by-law limit; 

C is the cost in dollars for t r e e t i na excessive 

s t r ana t h wastes, G ($.039 per pound in 1980). 

As is obvious this scheme divej~es from the other Canadian &chemes 

in that it imputes a char~e based only on that component which is 

!!reatest in exce&s of its le~i~lated limit. The effect of this is 

to exa!!!!erate any inequities inherent in the other surchar!!e schemes. 

For example assume two firms in the Toronto jurisdiction emit the 

same volume of waste but that the concentration can be represented 

as t c l l cvs r 

FIRM BODCB.) 
1 

Cppm) 
GREASE CGi) 

(ppm) 
PHENOLS (Pi) 

(ppm) 

1000 600 o o 

2 1000 890 500 250 

In-this case both firm I and 2 would pay char!!es on 400 ·ppm of SS, 

since this component exceeds the by-law limit bY the lar!!est amount 

(400 ppm). Both firms therefore pay identical s u r c h a r ae bills yet 

it is obvious that firm 2 is receivin~ far more waste ~isposal 

service~ than i~ firm I. 

Monitorin!! of wastes in Toronto takes place about s i x times per year. 
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C. AN EXAMP LE 

Table I ~ummarize~ variou~ ~imilaritie~ and difference~ in the 

~ewer effluent char~e ~cheme~ of the ~ix juri~diction~. AI I of the 

variable~ in thi~ Table are defined in the relevant ~ub-~ection~ 

ab:ove. 

In many juri~diction~ there are difference~ in ~urchar~e rate~ 

and in the free b as e level of e m i s s i ons allowed. In order to 

empha~ize the~e difference~ an identical "repre~entative" firm 

wa~ a~~umed in each of the ~ix juri~diction~. It i~ a~sumed that 

the emi~~ion~ of thi~ firm contain~ 1200 ppm of BOD and 700 ppm of 

55. In addition the "repre~entative" firm'~ water u~a~e or demand 

i s 50 million imperial ~allon~ per annum and it e m i t s 45 million 

imperial s e t l cn s of wa~te to the s aru t a r v ~ewer32 per annum. The 

difference~ in the total ~urchar~e thi~ firm would pay a~ wei I as 

the different amounts of pollution it would be allowed to emit 

free of char~e in the various juri~diction~ are ~ummarized in 

column~ 6 and 7, respectively of Table I. 

D. CONCLUSIONS 

This section ha~ provided a ~urveY of ~ewer effluent char~e 

scheme~ in various Canadian juri~diction~. While the ~cheme~ ~eem 

to vary widely in form it has been shown that in content they are 

very ~imilar. 

- The characteristics of these schemes which are common to'al I 

si x- j uri s d i c t ion sin c Iud eth e fol low i n ~ : 

1- AI I sewer effluent char~e scheme~ involve char~~~ on wa~te~ 

of normal c cn c e n t r a t i o ns called sewer s e r v i c e or rental c h a r ae s . 

which are paid bY al I user~ of the sanitary ~ewers. In 

addition, sewer effluent c n a r ë e s consist of sewer s u r c h e r a e s . 
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which are paid onlY bY tho~e 1ndu~trial pol luter~ that 

2- Sewer ~urcharee~ are impo~ed only on wa~te~ that exceed 

certain leei~lated limit~ or normal wa~te concentration~ 

for various pol lutant~. For ~aste emissions ~ith 

concentrations below the leeislated limit no ~urcharee i~ 

imposed. 

3- AI I surcharee schemes can be defined in term~ of implicit 

charee~ per pound of ~urchareed pol lutant~, even thoueh mo~t 

current schemes are based on charees per unit volume of 

~ewaee dischareed. 

AI~o certain di~~imilarities in the~e ~cheme~ can be identified: 

a) The Toronto ~urcharee ~cheme unlike the other ~cheme~ ba~e~ 

1t~ charee on the maximum of (B.-B) or (5.-5 ) or (G.-G) 
1 m 1 m 1 m 

or (Pi-Pm) where the bracketed expressions represents the 

difference between actual and leeislated concentrations of 

Bon, 55, erease and phenols, respectivelY. 

b) In Edmonton and c a l e a r v the s u r c h a r ë e rate per 1000 a e l l o ns 

is determined in a manner similar to that of other Canadian 

Jurisdictions. Unlike the other Jurisdictions, however, 

these rates are applied to total water use rather than to the 

total volume of emissions to the sanitary sewer. For some 

industries these two maenitudes wil I diveree. 

c) In Caleary, Alberta there is a rebate scheme bY which UP to 

50" of the sewer surchare~payments made over the previous three 

years may be refunded dependine on improvements in abatement 

efficiency. This is limited to the amount of ihe capital 

costs for new treatment facilities installed. 

d) In many jurisdictions there are dissimilarities in surcharee 

rates andinthefreebase level of emissions allowed (see Table I). 
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V. DATA REQUIREMENTS, SOURCES, DEFINITIONS AND SAMPLE 

CHARACTERISTICS 

A. INTRODUCTION 

In this section we outline the reQuirements, sour~es, definitions 

an~ samp Ie characteristics of the data used in the empirical portion 

o f v t h Ls report. The data collected are Quite comprehensive and are 

certainly sufficient to provide many useful insi~hts into productivity 

and re~ulation within the brewin~ industrY. We be~in with a discus- 

sion of the data reQuirement for model lin~ brewin~ in re~ulated and 

unre~ulated municipalities. 

B. DATA REQUIREMENTS FOR MODELLING BREwING IN THE PRESENCE OF 

REGULATION 

As was pointed out in section IV most if not al I sewer surchar~es 

in Canada can be model led as prototypes of the winnipe~ or London 

schemes. Usin~ the London variable definitions (see section IV.B(i» 

a surchar~ed brewin~ plant's total costs (TC) could be written as 

follows: 

TC = Z + Pw W + SCH (20) 

where, Z represents labour, capital, ener~Y and raw materials costs 

of a brewery; 

P .i s the p ric e 0 f w ate r per mil I ion pou n d s ; w 
W is the water purchased bY the brewery in mil lions of 

pounds; and 

SCH is the surchar~e on waste emissions bY the brewery. 

In addition, 

W = V + W o 
and 

SCH = RQ 
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where, V i& the amount of wa&tewater emitted to the &anitary &ewer" 

in million& of pound& by the brewery; 

Wo i& the remainder of W which can rea&onablY be con&idered 

21& enterinS the brewery proce&& 21& a mat~r(al input; 

R = ifbCBi-Bm)/CBm) .jo f&CSi-Sm)/CSm)}(To/IOO)'- 

i& the s ur ch a r ë e in dollars per 1000 Sallon&; and, 

Q is 1000's of i me e r i a l E!allons of sewaE!e emitted to the 

sanitary sewers bY the brewery [CQ/IOO) = VJ. 

Thus we can rewrite equation (20) aSI 

= ( 2 I ) 

where Z' represents the cost of tne water auSmented (W ) materials o 
aSSreE!ate; and 

ECb and .ECs are as defined in section IV(b). 

For simplicity we can rewrite the total cost function aSI 

TC = Z' + P V s (22) 

where P is the Quality adjusted price of sewaSe containinE! BOD and 
6 

55 from the brewery. 

Thus, 

and, 

p sV = CP. - ECbBm - ECs 5 m)V + ECboBOD + ECso55 w 

= P yV + ECboBOD + ECsoS5 

wh.ere, BOD is the total emissions of BOD in pounds to the s an i t a r v 

sewer by the brewery; 

5S is the total emissions of 5S in pounds to the s an i t a r r 

sewer bY the brewery; 
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p = (P - EC B - EC 5) is the implicit non-Quality-adjusted price v w b m s m 
of V to the brewery. 

Pv represents the price the brewin~ firm pays to purchase an 

additional mil lion pounds of water for use in washin~ a ~iven amount 

of~BOD and S5 to the sewer system. It includes the price of water, 

P ~ minus the reduction in surchar~e costs which result from lowerin~ w· 

the concentration of waste emissions. For example, with respect to 

BOD, if in a ~iven jurisdiction emissions with a concentration of 

300 ppm are not surchar~ed (i.e. Bm = 300) then for each additional 

one mil lion pounds of water used to wash away wastes with a ~iven 

waste load (i.e. pounds of BOD) to the sanitary sewers, 300 additional 

pounds of BOD wil I not be surchar~ed. This represents in essence a 

bonus for water use of 300 ECb or BmECb. The same ar~ument applies 

to 55. 

The price of a unit V (i.e. one mil lion pounds) emitted to the 

sanitary sewer system in surchar~ed jurisdictions is, however, hi~her 

than P , since it also depends on the stren~th of wastes (i.e. BOD v 
and 55) in emissions. That is, the price must be adjusted33 based on 

the Quality of V. This is precisely the price Ps• It should be noted 

that in an unre~ulated jurisdiction Ps = Pw. 

Thus in the procedure adopted for model lin~ the brewin~ 

industry the pol lution char~es enter indirectlY throu~h P and firms s 
are expected to respond to chan~es in effluent char~es and hence in 

Ps~ bY reducin~ their emissions to sanitary sewers.34 Ps is smaller, 

ceteris paribus, in unre~ulated jurisdictions. 

In summary, a considerable amount of data is reQuired in order 

to successfully studY the brewin~ production process within a market 

settin~ (where market information on prices is incorporated to improve 
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the efficiency of estimated production characteristics). In what 

follows Je will d e s c r rb e the sources and types of information used 

to con~truct the data set which we used to estimate characteristics 

in the brewin~ production process. 

C.~ SOURCES 

The data were collected from three major sources. With the per 

mis~ion of two brewin~ companies we obtained copies of the confiden 

tial plant level data collected bY Statistics Canada in the v e e r l v 

Census of Manufacturers of breweries. A second set of plant level 

data was obtained bY circulatin~ a questionnaire to the breweries. 

Supplementary production and financial information as wei I as insi~hts 

into the major characteristics of the brewin~ process were obtained 

in fol low-up conversations with the breweries officials. The pro 

duction and financial data were complete for four plants for a period 

of ten Year~ (1971-1980). The la~t set of data was obtained from 

muniCipal authorities with the permission of the breweries. The 

muniCipal data included, bY plant: water u~e, quantities of emitted 

pollutants and the r e s e e c t i v e water and s e w e r s ur c h a r s e rates. 

(i) Census Data 

Each Year brewin~ plants in Canada are required to complete a 

form summarizin~ aspects of their economic activity. An example of 

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

Intormation from this form has been used to construct time series of 

economic measures of ~everal inputs and output for the sampled 

plànts. Over time the Statistics Canada questionnaire has chan~ed. 

One example of this is the introduction of the metric system in 

1979. Considerable effort has been devoted to correctin~ for 

all c h an a e s in r e e o r t i na requirements. In what follows we summarize 
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the constructed variables in reference to the attached census form 

for 1975. 

(a) Output 

Two measures of output were obtained frOM the ce~sus data 

Th-e first is s i ven in section 6.10.2 as the total number of s a t l ons 

b ri! wed dur i n ~ the yea r • Howe ver, not a I I b r ewe d bee ris shi p p e d 

and it is therefore useful to consider section 6.10.6 which provides 

information on the shipments of brewed products produced bY a ~iven 

plant. Some brewed products evaporate or are otherwise lost and some 

~o into inventories. Since our labour data is not disa~~re~ated 

between brewin~ and packa~in~ operations, 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 

re~ression of shipments on a constant and brewed output confirms that 

UP to this known factor or proportionality, 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 14 of the census form provides detail on labour services. 

In particular, section 14. 1.2 provides total manufacturin~ labour 

salaries, hours worked and number of employees. In this studY we are 

interested in manufacturin~ labour onlY and i~nore the input of 

administrative staff. Our initial thou~ht was to measure labour input 

by-total hours worked therebY includin~ intensity adjustments. Un 

fortunatelY, there were several reportin~ errors and inconsistencies 

in these data which could not be corrected. FortunatelY, an accurate 

time series on total employees could be constructed for each plant. 
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In the empirical work total labour is therefore ~iven bY the total 

number of employees and the price of labour is ~iven by the ratio of 

total wa~es to total labour. 

Cc) Ener~Y 

The sampled brewin~ plants meet their ener~y reQ~irements usine 

a:variety of fuel sources (natural ~as, li~ht 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 a~~re~ate index of ener~y input was computed bY first convertine 

the fuel Quantities and electricity into their BTU use ~ner~y 

equivalents and then addin~ these BTU Quantities to~ether. The 

a~~re~ate ener~y price index fol lows bY dividin~ total ener~Y costs 

bY the input index. The BTU use ener~y equivalents for the various 

fuels and electricity were supplied bY Ener~y, Mines and Resources, 

Canada. 

Cd) Materials 

Section 6 of the census form provides a detailed breakdown of 

quantities and cost of raw materials, packa~in~ and sundry materials 

used in the production process. Over ninety percent of the raw 

materials costs arise from the purchase of barley, malt, corn and 

hops. The remainder are ~enerated bY the purchase of various 

chemicals. The quantities of these raw materials were found to 

fol low essentiallY constant proportionate relationships and it was 

th~refore possible to construct an accurate index of total raw 

maierials Quantities. Unfortunately, Quantity information could not 

be obtained for packa~in~ and sundry materials. Thus .0n1Y raw 

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

ratio of total raw materials costs to the Quantity index. As wil I 
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be discussed later, the raw materials price and Quantity indices are 

subsequentlY combined with brewin~ retained water to provide a more 

composite materials index. 

(ii) Questionnaire Data 

The circulated Questionnaires provided many imporlant pieces of 

i~formation for characterizin~ the production process. Perhaps the 

most important information was that which al lowed us to construct 

the capital series for the plants. 

(e) Capital 

Althou~h the economic and financial concepts of capital are 

not completelY reconcilable, the breweries were able to supplY us 

with enou~h financial and en~ineerin~-studY information to al low the 

construction of a capital stock time series for each plant. The 

constructed capital index measures the plant and equipment replacement 

costs in constant 1971 prices. The opportunity (user) cost of 

capital taken as the yearly factor price of c~pital was obtained 

from the Economic Council of Canada's Candide Model. This series 

was constructed usin~ the Jor~enson-Hal I methodolo~Y wherebY real 

after tax interest rates, depreciation rates, tax incentives and the 

capital ~oods price index are combined to estimate the opportunity 

cost associated with employin~ another unit of capital. 

(iii) Municipal Data 

In what fol lows the data supplied bY the municipal authorities 

an] used in the re~ulation model lin~ is described. 

(f~ Water 

From al I 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 ~eneral IY consistent with 
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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 felt, probably more 

accurate. Some plants supplement their municipal wat(r with wei I 

wa.ter. This however was found to be ne~lieible and wa~ not included 

in.. the analysis. 

(e) Em is si 0 n s 

From those municipalities with re~ulation schemes in place we 

were able to obtain the monitored volume of waste-water emissions. 

The municipalities sample these emissions reeularlY and on the basis 

of estimated concentration of BOD and 55 and the le~islated surcharee 

schemes described earlier, they bil I the breweries. For the periOd 

1971 to 1980 we obtained sufficient information to calculate BOD and 

55 Quantities, their associated unit char~es and the per base (un- 

chareed) discharee amounts. With this and the water information we 

were able to construct an index of emissions and, the Quantity 

adjusted, price index of these emissions described above. 

The volume of emissions fal Is short of the volume of water intake. 

This shortfal I represents water which is used as a material input into 

b r ev i ns , Re l a t i v e to emission and, thus to intake, this Quantity is 

very smal I. Nonethe.less, it was combined with the raw material index 

described 'above to provide a composite Divisia materials' index. For 

some pl~nts the difference in water intake and outflow was not available. 

However, it was found that, for those plants where the information was 
- 

av~ilable, the difference was almost always 3~ of output. Thus, 

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

(i) Compo~ition 

Ori~inal Iy we had hoped to have complete data on a total of nine 

plant~ from three brewerie~. UnfortunatelY, one brewery decided it 

c~ld not meet the time con~traint~ of the studY and d~cided not to 

pr~vide any data. The other breweries were most helpful in supplyin~ 

the reQue~ted data on their plants. One plant however reported the 

con~olidated activity of two plants and ~ince we were unable to di~ 

entan~le the information, this plant had to be dropped from the ~ample. 

Also, one plant had data for only 4 years in the sample. Given the 

estimation restrictions imposed bY the computer packa~e (TSP) it was 

not possible to incorporate this partial information. 

there was no surchar~e scheme in this municipality. 

In summary, our sample consisted of ten years of data for each 

In addition, 

of four plants. Of the~e four plants, two were located in munici 

palities with surchar~e schemes and two were unre~ulated. The annual 

outputs of the plants ran~ed from one to fifty mil lion ~al Ions. 

(ii) Behavior of Factor Shares in Total Co~t 

As noted above, the major imputs in10 brewin~ and those for 

which we have collected data include: labour, capital, ener~y, 

materials and emissions. The prices of these factors were constructed 

as indicated above and a total cost variable wa~ constructed a~ the 

sum of the individual factor costs. The sample avera~es for the co~t 

share of labour, capital, ener~y, materials and emi~~ion~ were 

respectivelY: .193, .616, .023, .162, .006. The ener~y share doubled 

for almost al I plants in the ten sample years with major increases 

coincidin~ with ener~y price increase~ in the early 1970's. Finally, 

the materials and capital ~hare~ displayed a very intere~tin~ inverse 
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pattern of behavior. In particular, the material& &hare was much 

hi~her and the capital &hare much lower for plant& producin~ lar~e 

quantitie& of beer. A rea&onable explanation for thi& behavior mi~ht 

be that materials are extremelY price inela&tic. Th1~ would not be 

i~onsitent with the material& balance re&triction whi~h the data 

- &~uld &ati&fY, - namelY that the output ma&& cannot exceed the ma&& 

of material& input. SimilarlY, the decline in the capital CO&t &hare 

would not be incon&i&tent with si~nificant &cale economie& ari&in~ 

lar~ely throu~h the capital input. 
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VI. MODEL SPECIFICATION AND ESTIMATION 

A. INTRODUCTION 

In this section we specify and estimate a model of the brewine 

pr~duction technoloey. Our eoal is to determine w'hat,-if any, effect 

- re~ulation has upon sewaee discharees (V) and upon the rate of pro- 

ductivity erowth. We beein with a brief description of the brewine 

process and then proceed to specify the econometric cost model which 

wil I be used to studY the characteristics of the underlYine production 

process. We then present the estimated results. 

B. AN OVERVIEW OF BREWING 

(i) The Brewine Process 

Brewine is essentially an assisted natural process which combines 

five ineredients: barley malt, adjunct ~aterial (such as corn, rice 

or wheat), water, hops and yeast, to produce the final output: beer. 

The primary ineredient is barleY malt which is barleY that has been 

al lowed to eerminate and erow to a limited extent. Kiln drYine is 

used to prevent erowth beyond the desirable level. 

The barley malt is screened and crushed before beine mashed with 

water. This mashine process takes place in a mash mixer or mash tun. 

Durine this process the malt enzymes break down the malt starches35 

to suears,and the complex proteins of the malt to simpler nitroeen 

compounds. After this staee is complete the mash is transferred to 

a ~trainine or "Iauterine" vessel. The liQuid extract or "wort" 

drains throueh the bottom of the lauter tub into the brewine kettle 

where it is boiled for abour two hours after the addition of hops.36 

This boiline serves several purposes: 

(a) to concentrate the wort to the desired specific 

eravity; 
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(b) to sterilize the wort; 

(c) to obtain the desired extract from the hOP$; 

(d) to destroy undesirable protein substances which 

have come from the mash tun. 

Afjer this procedure the hops are removed bY passine the wort throu~h 

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

which has precipitated durin~ the boilin~. The wort then proceeds 

to the hot wort tank, where any remainin~ trub is removed by settl1n~. 

The wort is then cooled and moved to the fermenation vessels 

where Yeast is added.37 The fermentation lasts about seven days after 

which the yeast is removed - bY skimmin~ for top fermentation or by 

pumpin~ off the beer for bottom fermentation - and for the first time 

the liquid is cal led beer. It is durin~ fermentation that the yeast 

converts the su~ar in the wort to carbon dioxide and alcohol. 

After fermentation the beer is cooled, filtered, polished and 

a~ed for 3-5 weeks. The beer is then finallY either bottled and 

pasteurized or placed into ke~s. Pasteurizin~ increases the shelf 

life of beer. Since drau~ht beer is sold within a few days, the ke~ 

beer is not pasteurized. 

(ii) Brewine and Pollution Abatement 

The major forms of pollutants emitted to the sewer system are 

BOD, 55 and caustic materials.38 Caustic materials eeneral Iy show 

UP in terms of hieh pH readines in sewaee discharees. These types 
- 

of emissions are of some concern to waste treatment authorities in 

most Jurisdictions because theY interfere with the workine of the 

sewa~e treatment plant. Such emissions are the result of cleanine 

aeents eeneral Iy used in the bottle washin~ process. Despite the 

concern with reeard to pH most sewer surchar~e schemes do not levy 
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a char~e on the~e caustic emis~ion~ and in~tead have ~et emi~sion 

standard~. 

The main elements of the sew~r ~urchar~e~ imposed in most 

Canadian Jurisdictions are BOD and 55. with respect to brewin~ the 

m~Jor BOD source~ are the yeast left after fermentation, the liquor 

f~om spent ~rains left after mashin~ the malt and strainin~ the wort, 

the trub and beer spil Is. The major ~ources of 55 are spent ~rain 

husks from mashin~ and strainin~, and the diatomaceous earth used 

in the filterin~ and polishin~ processes.39 

The sewer surchar~e ~chemes currently in effect in Canada 

result in surchar~e payments by re~ulated brewin~ firm~ of from I~ 

to 3~ of total co~ts. As such the response of mo~t brewin~ firms 

with re~pect to these char~es ba~ed on the volume of emissions and 

the ~tren~th of emissions wil I probably lead to improvements in 

hou~ekeepin~ procedures. These procedures would involve better 

cleanin~ of tubs and kettle~ to reduce the level of emission~ of 

spent ~rains, yeast, trub, and diatomaceou~ earth. Thu~ it mi~ht 

b~ expected that some re~ponse to pol lution surchar~es would come 

in the form of an increased al location of labour toward~ ~uch addi 

tional hou~ekeepin~ procedure~. 

In addition, althou~h pH is not ~eneral Iy surchar~ed, one mi~ht 

su~pect ~hat actions by municipal authoritie~ would be ~wifter in 

juri~diction~.with surchar~e ~cheme~. If, a~ mi~ht be expected, more 

~eQuent wa~te monitorin~ i~ carried out in ~urchar~e re~ulat.d Juri~ 

d4ctions and, a~ a re~ult, more information with re~ard to the pH 

of emi~~ions were available, these Jurisdictions mi~ht prove to be 

more insi~tent with re~ard to maintainin~ pH levels in brewin~ emis 

siôns. Thus ~reater pH control ni~ht result in these Jurisdictions. 
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pH control ~eneral IY involve~ the recYclin~ of in-plant waste streams. 

Therefore r e l a t i v e l v more capital may a l s c be allocated to pollution 

abatement at surchar~ed than non-surchar~ed location~. 

(i) Back~round 

We assume that brewin~ 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 21 production func- 

tion. We further assume that brewin~ 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. 

FormallY, we define the production function as: 

(23) 

where Q is output, X is the set of factor inputs, t is a time variable 

(indicatin~ 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 throu~h the assumption 

that the' behavior of the plants is consistent with the constrained 

minimization problem: 

minimize EP.X. 
{X.} 11 
1 

where Pi are the market determined p~ices correspondin~ to the 

subject to (23) (24) 

individual input Xi' 

The solution to the problem ~iven in (24) is a cost function 

of the form: 

where C represents the minimum of producin~ Q units of output ~iven 

a set of factor prices p, The optimal levels of the inputs 
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* (x.(P,Q» to be u~ed to produce Q unit~ of output when the factor 
1 

price~ are ~iven bY P can be found bY differentiatin~ the cost 

function with respect to the factor price~ to obtain: 

X~(P,q,t) = ~ 
1 ap. 

1 

Thu~, al I of the characteri~tics of the production teëhnolo~Y can 

(25) 

~e obtained from the cost function. The lo~arithmic derivative of 

the co~t function with re~pect to output Yield~ the co~t elasticity 

which wil I be the inver~e of the scale ela~ticitY of the production 

function alon~ the input expan~ion path of the firm. 

(ii) The Tran~lo~ Cost Function 

For this report we have cho~en to approximate the co~t function 

to the second order in lo~arithm~ with a "translo~" flexible func- 

tional form. In addition to estimatin~ parameters of this cost 

There are several reasons for choosin~ the translo~ approximation. 

function we wil I also include the factor demand information ~iven 

bY (25). Our parameter estimates wil I therefore be more efficient. 

Besides the fact that the translo~ function provides a second order 

TaYlor series approximation to any cost function, the translo~ func- 

tion and associated factor demands written in share form are linear 

in the parameter. This is an increasin~IY important feature as the 

number of inputs and data points increase. Finally, the translo~ 

function·is not restrictive with respect to homo~eneitY or homo- 

theticity and does not constrain factor elasticities of substitution 

to be constant and/or equal. 

The translo~ cost function is written: 

ln C = Ao + EAi ln Pi + .5 EEAij ln Pi ln Pj + tAiQ ln Pi ln q 

+ Aq ln q + .5 Aqq(ln q)2 + At ln t + .5 Att(ln t)2 + (26) 

+ Atq ln t £n q. 
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Logarithmic differentiation of the cost function with respect to the 

factor prices Yields the factor, shares as: 

(27) 

I.n the abo vee x pre s s ion the in die e s (i,J) rete r tot h·e in put s 

~abour (L), capital CK), materials (M), energy (E) and sewa~e emis 

sion (V). Since the cost function must be homo~eneous of deeree one 

in factor prices, the fol lowing parameter restrictions must be 

imposed: 

AJi = AU (symmetry) 

EAi = I 
(28) 

EAu = 0 't J 

EA il:1 = 0 
In addition. the cost function should be concave (weaklY) in factor 

prices. This restriction cannot be imposed ex ante without seriouslY 

reducine th~ 'fleXibility' of the cost function. It is therefore 

verified for the !!j_imatJLt 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 respect to differences in pro 

ductivity which may arise due to regulation we al lowed the technology 

parameters 'to differ between reeulated and unreeulated plants. In 

R.articularl 

At = Atu + AtR'REG 

Att = Attu + AttRoREG ( 29) 

AtQ = AtClu + AtClR'REG 

where the subscripts u and R respectivelY indicate unre~ulated and 



-69- 

re~ulated firms and REG is a dummy variable takin~ the value I if 

the plant is re~ulated. At' Att and AtQ are therefore the appropriate 

total coefficients for re~ulated firms. If these technolo~ical 

chan~e coefficients are found to be si~nificantly different from zero 

t~at would indicate a si~nificant chan~e in cost unexplained bY factor 

prices and output. This wil I be cal led a prbductivity chan~e. 

ClearlY the specification in (29) al lows for the possibility of 

different productivity ~rowth in re~ulated and unre~ulated plants. 

(iii) Estimation Technique 

There wil I be some stochastic variation associated with the 

cost (26) and share equations (27) arisin~ from the cost function 

approximation, optimization errors and other smal I 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 reco~nize the cross 

equation parameter constraints. To al low for possible contemporaneous 

correlations of errors across equations we chose to estimate the 

parameters usin~ Zel Iner's seemin~ly unrelated re~ression equation 

estimation. Durin~ estimation onlY four of the possible five factor 

share equations were combined with the cost function. We did this 

because the dependent variables of the share equations by definition 

sum to unity and the errors of the fifth equation are not independent 

and, in fact, are completelY determined bY those of the other four. 

Tne parameter estimates obtained wil I be independent of the excluded 

s~are equation as lon~ as the final parameters represent the limit 

of a sequence of conver~ent iterations. In our estimation procedure 

we drOPped the ener~Y share equation and then recuperated the para 

meter estimates usin~ the constraints ~iven in (28). AI I estimation 
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was undertaken usin~ the TSP packa~e available on the Concordia 

University CDC computer. 

D. ESTIMATION RESULTS 

(i) Preliminary Estimation Results 

The first round estimation results pointed to a problem with 

the materials share eQuation. As we noted in the previous data 

section, the materials share in total cost increased si~nificantly 

as output increased in the sample. when we calculated the factor 

demand and elasticity for materia~ at the sample points usin~ 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 implyin~ that the 

hypothesis that the material input was perfectly inelasticallY de 

manded could not be rejected. Further, the cross-elasticities of 

factor demand with the other inputs was ne~li~ible. Finally, the 

other factor demands were found to be downward slopin~ with reasonable 

ma~nitud~ for the estimated elasticities. This led us to the con 

clusion that the appropriate way to specify the production function 

(23) is as fa II ows: 

(30) 

Such a specification when combined with the. minimization problem 

~iven in (24) is consistent with a zero factor price elasticity of 

materials, independent of materials and other factors (prices) and 

a_full r ans e of possible factor elasticity for the other factors (X). 

Efficient factor use for (30) implies the fol lowin~ joint technolo~ical 

relationships must hold: 

Q = ~(Xd) 

Q = h<Md) 

<31 )(a) 

(31)(b) 
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In the second round of estimation we therefore estimated the translo~ 

cost function and factor share eQuations for labour, capital, emis· 

sions and enerey which approximate the solution to the optimization 

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

~relY technolo~ical relationship linkin~ materials and output are 

istimated bY approximatin~ (31 )(b) bY: 

(32) 

where AMt was al lowed to differ between re~ulated and unre~ulated 

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

elasticities at the sample mean calculated from the second round 

model specification were not si~nificantlY different from those 

calculated initially. At the same time however the cost function of 

the second round was verified to be weaklY concave: a property which 

the initial cost function did not exhibit. 

In addition, it should be noted that Pratten (1975) in a studY 

of scale economies in the brewin~ industry in En~land 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 su~~ested in discussions with brewin~ firm officials. 

( i i) £. i n !.l_ E s.!_1 mat _!_o n R .!_S....t!.L!~ 

The Tables 2, 3 and 4 respectivelY display: the parameter 

estimates- from the cost model, eQuation bY eQuation summary statistics 

of the cost model and parameter estimates of the materials model. 

In the section which fol lows we discuss the implication of estimation 

risults in terms of implied properties of the production process as 

reflected bY the cost model. At this point it is worth notin~ however 

that the model provides an excel lent fit of the data. Further, since 

the estimated cost function is (weaklY) concave in factor prices, we 
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can have 50me confidence in the re5ult5 ~enerateé bY the model. 

with re~ard to the material5 model e5timate5 pre5ented in 

Table 4 it is worth notin~ that there i5 stron~ evidence of a 5trictlY 

proportionate relation5hip (independent of 5cale) between material5 

~d output 5ince AMM is not 5i~nificantlY different from I. In addi 

t~on, technolo~ical chan~e i5 not evident in the relation5hip. 
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]ARAMETER __ ESTIMATES OF THE COST MODEL 

PARAMETER ESTIMATE _AS YMPlQ.T-I C ...1- RAT I 0 
~ A 6.506 3.889 
~ 0 

AL -.268 -2.562 

AK I .316 12.228 

AV .0004 .078 

ALL .054 I .818 

AKK .067 2. 121 

AVV .0038 9.471 

ALK .,..0515 - I .682 

ALV .0002 • 162 

AKV -.0029 - 2. 172 

AQ .314 .841 

AQQ .01 19 .291 

Atu 1.900 6.434 

AtR - I .932 -4.887 

AtQU -.263 -7. 134 

AtQR .268 5.745 

Attu .207 4.949 

AttR -.215 -3.735 

ALQ .034 7.407 

AKQ -.042 -8.857 

AVQ .0017 7.102 

AE - .048 -4.624 

ALE -.0031 -.931 
AKE -.0129 -4.304 

: AVE - .001 1 - 1 .840 . I 

A • 0172 10.525 
- EE 
·A .0059 10.729 EQ 
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TABLE 3 

EQUATION BY EQUATION SUMMARY STATISTICS 

STANDARD DEVIATION OF SUM OF SQUARED 
R2 E.QUATION THE DEPENDENT VARIABLE RESIDUALS ------ --------- 

C05t .792 • 159 .994 

Labour Sha re .059 .038 .714 

Capital Share .065 .040 .758 

Emi55ion Sharp. .005 .00006 .938 

Lo~ of likelihood function <entire 5Y5tem) 544.472. 
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TABLE 4 -~-- 
MATERIALS PARAMETER ESTIMATES AND EQUATION STATISTICS 

.. 
PARAMETER ESTIMATE t-RATIO --- 

AM 2. 129 25.391 

AMt4 .OC47 1.05 

MMtR .0059 1.025 

AMM ~989 80.974 

Standard derivation of dependent variable 
Sum of squared residuals 
R2 

Lo~ of likelihood funçtion 

1.224 
• 180 

.997 

51 .365 

I . 
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VII. ANALYSIS OF THE EMPIRICAL RESULTS 

A. INTRODUCTION 

In thi~ ~ection we ~ummarize and explain our major findin~s. 

The r e s u l t s are presented in three parts: factor elast-icity estimates 

and the implications for municipal waste mana~ement, productivity 

~rowth estimates and implications for re~ulation policy and economies 

of scale estimates. The results are i n t e ë r a t e d with the analysis 

presented in earlier sections of this report. In addition, where 

possible, the results are compared with other pUblished findin~s. 

B. ELASTICITY RESULTS 

The factor price elasticities ( h o l d Lna output constant) can be 

convenientlY calculated from the parameters of the estimated cost 

function and factor shares usin~ the fa Ilowin~ formulas: 

£ii = Si - I + Aii/Si 

£ij = Sj + Aij/Si 
( 33 ) 

Table 5. 

These elasticities calculated at the sample mean are presented in 

It will be noted that all of the' own price' elasticities are 

It should be noted however that the estimate presented here is based 

si~nificantlY ne~ative and less than unity in absolute value imp Iyin~ 

that the factors are all ine l a s t i c a l l v demanded. Our estimate of the 

price elasticity of emissions is -.48. This estimate is somewhat 

smaller than the c o r r e s c o n d i na value of -.945 reported bY Sims (1979). 

up-on a more comp lete cost model specification. For example, Sims did 

not have comp lete factor Quantity data and his total cost variable maY 

be more ref I ective of tota I revenue than of tota I cost. 

The cross-price elasticities between capital, labour and emissions 
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TABLE 5 

LABOUR CAPITAL ENERGY E~lI SS IONS 
-. ---- --- ----- 

* Labour -.535 .511 .0144 .0083 

(4.19)** <3,86) ( I .2) ( I .4) 

Capital -.177 .0097 .0034 

(4.08) (2.36) ( 1.88) 

Enen!Y -.354 -.0324 

(6.0 I ) ( I .48) 

Emissions -.48 

(8.76) 

* Off-dia~onal elements represent the elasticity of the row factor with 

respect to the column factor price. 

** t-statistics are presented in parentheses. 
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provide information which is not inconsistent with what one would 

reasonably expect, ex ante, and with information supplied bY the 

breweries. In particular, the elasticities are positive and there- 

fore implY that, ceteris paribus, an increase in the price of emis- 

s s o n s will lead to some substitution towards capital a-nd labour. At 

tije same time, however, these elasticities are small and su~~est that 

the substitution response will not be lar~e. In fact, the cross- 

elasticity with respect to labour is not stron~ly si~nificant. In 

conversations with the breweries we have been told that, while they 

devote resources to keep their emissions 'clean', 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 ~eneral production 

description presented in section VI.B(ii). 

As a final point it is worth notin~ that, under the assumption 

of our re~ulation model, some scope exists for the municipalities in 

our sample to simultaneouslY increase revenue (bY raisin~ water prices 

and pol lution surchar~es) and cause emissions to be reduced. 

C. PRODUCTIVITY RESULTS 

It wil I be recal led that a time variable was introduced into the 

cost model to measure any systematic cost char~es unrelated to factor 

prices and output. This technical chan~e or productivity variable 

w~s specified such that re~ulated and unre~ulated firms in the sample 

c~ld potentiallY exhibit different rates of productivity ~rowth (or, 

equivalentlY, cost reduction). 

The productivity ~rowth rates are obtained from differentiatin~ 

the lo~arithmic cost function with respect to the time variable and 
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then multiplyin~ bY minus unity to convert the rate of cost reduction 

into productivity increase. At ,the mean of the sample the érowth 

rates in productivity were calculated as 1.6~ per annum in unre~ulated 

firms and -.008~ in reéulated plants. The coefficient, for the un~ 

r~éulated plants is siénificant with a t-statistic of ,.67. Alterna 

t}veIY, the coefficient for the reéulated plants was insiénificant 

(t = .016). As &uch the results sUééest that the productivity érowth 

in unreéulated plants siénificantlY exceeds that in reéulated plants. 

Indeed, there is no evidence of productivity érowth in re~ulated plants. 

These results do not appear to be inconsistent with the results 

presented bY other researchers. ror example, Denison (1979) reports 

an annual productivity érowth rate of 2~ for US manufacturiné and 

estimates that there has been a 10~ reduction in productivity ~rowth 

due to pollution abatement proérammes. In Canada, Denny, russ and 

May (1981) report provincial productivity érowth rates of (.96~, .96~ 

and .72~) for the Food and Bevera~e industries of Atlantic, Ontario 

and Prairies reéions respectivelY. It is interestiné to note that 

their estimates are bracketed bY those arisiné in this study. At the 

same time, however, it must be noted that brewiné shipments comprised 

only 4~ of total Food and Beveraée sector shipments in 1978 and there 

fore it may be unwise to stress the importance of this comparison. 

Given that the maénitude of our estimates of productivity érowth 

is not unreasonable, it remains to discuss the nature of the conclu 

sions which can be drawn from these results. 

From the specification of the model, we cannot reject the hYPO 

thesis that reéulation siénificantlY reduces productiVity érowth. 

Indeed it would' appear that this effect is laréer than other researchers 

have reported. At the same time, however, this findiné is not 
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inconsistent with our earlier ar~uments that re~ulation bY means of 

prices is likelY to have a lar~er effect upon firms than re~ulation 

bY means of standards. 

A final word of caution is in order. It must be kept in mind 

t~at productivity ~rowth is measured as a systematic r~sidual component 

- 
and that, to some extent, it could also reflect other sYstematic dif- 

ferences between re~ulated and unre~ulated firms. In addition, as 

pointed out earlier in this report, even if re~ulation has in fact 

been responsible for the measured productivity differential, this does 

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

social benefits of cleaner air and water. 

D. SCALE ECONOMIES --------- 
The l a r ë e s t plant in our sample provided II~ of total Canadian 

shipments in 1978. Despite the size of this plant it is evident from 

the cost equation estimated that it had stil I not exhausted al I plant 

scale economies. The scale elasticity for this plant in 1980 was 1.14. 

This is not inconsistent with a statement bY Scherer et al (1975, 1979) 

that in b r ev i në " ••• unit costs ••• (are) ••• believed to continue f a t I i na 

beyond the size of the lar~est modern plant ••• ". In addition, Scherer 

ar~ues that a plant of minimum efficient scale in the brewin~ industry 

would supplY approximatelY 34.5~ of Canadian domestic consumption 

(P. 94). In fact in 1978 there were 41 plants in Canada.40 This 

su~~ests that al I plant scale economies are not bein~ eXPloited.41 

IQdeed our estimates s u ë a e s t 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 brewin~ industry (Pratten, 1975; Scherer, 1975). 
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In addition, the exi$tence of potential Iy lar~e $cale economie$ 

in brewin~ ca$t$ doubt on alternative methodolo~ies for measurin~ 

productivity ~rowth, which incorporate the assumptions of constant 

returns to scale. It is Quite likelY that such methodolo~ies <Denny, 

Fuss and May, 1981; Denison, 1979) could confu$e the s~parate effects 

ot productivity ~rowth and scale economies. 'To the extent that these 

scale economies are a pervasive characteristic of Canadian manufactur 

in~, approaches similar to the one adopted in this report should be 

pursued in studies of productivity ~rowth. 
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VIII. SUMMARY AND CONCLUSIONS 

The purp05e of thi5 report wa5 to inve5ti~ate whether a 5i~ni 

ficant relation5hip exi5t5 between environmental re~ulation and pro 

d~ctivitY ~rowth. 

The initial 5ection of the 5tudY pre5ent5 a 5UrVey of the 

Ifterature dealin~ with the impact of environmental re~ulation on 

productivity ~rowth. The5e 5tudie5 were based upon a~~re~ate data 

from the United States. while the findin~s of thg5e studies were not 

conclusive, theY pointed to the importance of undertakin~ a studY 

usin~ firm or plant level data. In a preliminarY fea5ibilitY studY 

it was discovered that plant level data for the Canadian brewin~ in 

dustry was available and therefore, that a micro-level studY of the 

impact of environmental re~ulation in the Canadian brewin~ indu5try 

wa5 p05sible. In addition, since several brewin~ plant5 were subject 

to a type of effluent char~e, known as a sewer surchar~e, an invest i 

~ation of this particular type of environmental re~ulation could be 

done. TheoreticallY, it wa5 5u~~ested that, 5ince the re5Pon5e of 

firm5 to economic incentives i5 probablY swifter and more pronounced, 

the productivity effects would be ~reater than under the direct re~u 

lation enforcement approach which has been the focu5 of al I the pro 

ductivity impact 5tudies discussed earlier in this report. 

Prior to estimatin~ the actual impact on the productivity ~rowth 

and the pollution abatement of brewin~ plants, a description and 5UrVey 

of 5ewer surchar~e schemes currentlY in use in Canada was presented. 

It·wa5 found that while several of the5e schemes varied in form, in 

5ubstance they were essential Iyidentical. Each could be interpreted 

as imp05in~ a price per pound of BOD and/or SS emi5sions or as imp05- 

in~ a char~e per unit of a~~re~ate sewa~e emission5' where the char~e 



varied ba~ed on the quality of emi~~ions. Because it wa~ expected that 

the ability to ~ub~titute between element~ (i.e. quality character 

istics) of the ~ewa~e a~~re~ate (V) is limited, the latter approach 

was adopted. 

The conclusion~ of the empirical sections of this- studY may be 

s umma r i z e c as f o l Lo w s r 

a) Sewer surchar~es induce a ~tati~tical Iy si~nificant reduction 

of emi~~ion~ to the ~ewer ~ystem bY brewin~ plant~i 

b) The rate of productivity ~rowth is si~nificantly lower in 

re~ulated, (i.e. surchar~ed) than non-re~ulated (i.e. non 

surchar~ed) brewin~ plant~j 

c) Plant scale economies are si~nificant in the brewin~ industry. 

Thus any inve~ti~ation of productivity ~rowth in this in 

dustry, or other indu~tries in which scale economies may be 

a factor, should adopt a me t h o d o l o ë v which allows for their 

existence. This would minimize the possibility of confusin~ 

productivity ~rowth and ~cale economies. 

.. 
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FinallY one last point must be emphasized. The analysis presented 

su~~e~ts that environmental re~ulation tends to reduce the ~rowth rate 

of total factor productivity. This is ~~ necessarilY undesirable. 

For accompanyin~ these costs are definite benefits in terms of an im 

proved environment. This studY i~nores the~e benefits bY desi~n. 

Informed public policy must, however, take such benefits into account 

when jud~in~ the de~irability of alternate form~ and de~rees of en 

vi·ronmental re~ulation. 

• 

.< 
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.. 

FOOTNOTES 

I. Other variables were included in the eQuation to correct for 

cyclical swin~s in output and ener~y price chan~es. 

2. A failure to reco~nize this mi~ht lead one to conclude that an 

ineffective form of environmental re~ulation is superior to a 

policy which is effective and hence affects the al location of 

resources. Such a conclusion could only be justified if the 

value of additional environmental Quality were .z e r o , 

3. It should be emphasized once a~ain that these costs may be 

accompanied bY substantial benefits. It is even possible 

that some diversion of Rand D towards abatement technolo~y, 

relative to the situation which would exist with minimal 

environmental re~ulation, would be desirable. 

4. This approach is sometimes referred to, in ~eneral, as the 

standards approach. 

5. This is in stark contrast to U.S. experience, where the 

federal authorities play an active part in environmental 

r e au l a t i on , 

6. 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 ar~uments 

to facilitate delayin~ tactics. 

7. Control Orders are issued by the Ministry of the Environment 

in Ontario to polluters and specify various abatement reQuire 

ments includin~ such thin~s as the desired Quantity and con 

centration of emissions, the type of abatement activity, the 

timin~ of such actions! etc. 
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8. Since 1979 a Joint federal-provincial ~rant has also been 

available to pulp and paper mills for modernization and 

pollution abatement. Some parties have expressed skepticism 

re~ardin~ the possible effectiveness of this scheme (Victor 

and Burrell, 1981,203). 

9~ The cost effectiveness of standards and char~es i& discussed 

in more detail in the section concernin~ economic incentive 

schemes. 

10. It is assumed that the differentiated re~ulation discussed 

earlier, which is usuallY characteristic of the direct 

re~ulation-enforcement framework, would neutralize any 

tendency towarcs modernization which mi~ht otherwise have 

been induced. 

I I. The difficulty in definin~ eQuipment as primarilY abatement 

or production oriented has been the source of some skepticism 

re~ardin~ the Joint federal-provincial financial assistance 

pro~ram available to pulp and paper mil Is for modernization 

and poJ I ution abatement, (Victor and Burre II, 1981,203). 

12. Several different economic incentive schemes which are desi~ned 

to induce compliance with environmental re~ulation have been 

su~~ested. Two of the more prominant ones are the effluent 

char~~ and transferable dischar~e permit (TDP) schemes. The 

discussion here wil I concentrate on the former. For more 

information on TDP schemes see Dales (1968), and Ti~tenber~ 

(1974;1980). 

13. A simple example can help to explain this idea. If the unifo~m 

char~e Wêre $5 and the extra "mar~inal" cost to the firm, at 

current levels of abatement, of abatin~ one more unit of 

pollution is $2, a cost minimizin~ firm would abate because 

• 
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this is cheaper than payin~ the char~e. Additional abatement 

would cost $2 per unit but would save the firm $S in effluent 

char~e payments, a net ~ain to the firm of $3. Obviously 

abatement wil I be expanded as lon~ as the char~e exceeds the 

incremental or "mar~inal" cost of abatement. 

In this case because the overal I standard is set per annum 

the char~e would be adjusted each year, if it were determined 

that a~~re~ate emissions of 502 were not exactly one mil lion 

tons. 

IS. The effect of ~rowth in reQuirin~ an increasin~ char~e over 

time could be offset, at least in theory, bY technolo~ical 

pro~ress in pollution abatement. 

16. It is also possible that the desired standard could vary 

from year to year. This would also reQuire varyin~ the 

effluent char~e~ 

17. The optimal or eQuilibrium char~e is the one which, at a point 

in time, ensures a~~re~ate emissions of one mil lion tons of 502. 

18. The char~e is assumed to be altered in this scheme once per 

year ~iven that the overal I standard is defined per annum. 

19. It is assumed here that the direct re~ulation-enforcement 

scheme is effective at inducin~ compliance. 

20. A cost effective scheme achieves the overal I standard at 

least cost. 

21. UsuallY the ar~ument is couched in terms of a uniform standard. 

In reality standards often vary over ~roups of firms often 

for eQuity reasons, but are ~eneral Iy uniform within each ~roup 

of firms. It is doubtful that this complication affects the 

ar~ument presented in any si~nificant way. If the variation 

in standards across ~roups was based purely on abatement costs 
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then this scheme would also be more cost effective than a 

uniform standard. 

22. This is because the extra or mar~inal cost of abatement at 

al I point sources wil I be equated. If this were not true 

abatement could be shifted from hi~h to low cost sources 

with a resultin~ decline in costs. There is empirical 

evidence provided bY Pittman (1981) that under the current 

direct re~ulation-enforcement framework in the U.S., pulp 

and paper mil Is exhibit systematic differences in the mar~inal 

cost of abatement at current loadin~ levels. Thus there is 

evidence of serious inefficiencies resultin~ from the current 

system of pollution control re~ulation. 

23. This study actually compared spatiallY differentiated and 

undifferentiated transferable dischar~e permits, but these 

results have definite implications for effluent char~e 

scheme. 

24. A tax which varied with the location of firms (i.e. a zone 

effluent char~e) was found to produce abatement costs of 

only $8.6 mil lion per annum. These findin~s are of course 

consistent with the theoretical discussion above. 

25. Normal stren~th wastes are usuallY defined in each juris 

dicti,on in a by-law. In theory these are wastes of the same 

concentration as "avera~e" residential waste emissions. 

26. It is common practice in al I the jurisdictions discussed 

to place limits on the stren~th of pollutants which do not 

enter the surchar~e formula. 

27. Note that similar statements could be made with respect to 

suspended solids. In order to conserve space the analysis is 

carried out only in terms of BOD. 

• 
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28. Chlorine demand has yet to be char~ed for. 

29. The Waterloo-Kitchener surchar~e formula is identical to 

pollution emitted. Thus differences between the old and 

equations (12) and (13) with T = T = o. c x 

30. There is a sewer service char~e rebate for water purchased 

• but not emitted into the sanitary sewers. 
~ 

3~. The "old" formula ~iven bY equation (14) could be converted 

to a form identical to the London or Winnipeé surcharée 

schemes. Hence one could determine c h a r ë e s per pound of 

new formula are in appearances onlY. Note however, that 

one difference between the London or Winnipeé surcharée and 

the Edmonton surcharée is that the former are based on volume 

of waste emissions whereas the latter is based on volume of 

water consumer. 

32. The volume of waste emissions bY the "representative" firm 

can be put into perspective bY compariné them with the volume 

of emissions from a "typical" poultry processiné plant: 

2109370,000 U.S. a a l l on s or 175,300,000 imperial a a l l o ns , 

(Ethridée, 1970,48-9). Similarily a "typical" beet suéar 

processiné plant emits approximatelY 590 mil lion imperial 

e a l l c n s per annum. (ibid, 41) • 
.. 

33. P btside dependin~ on the concentration of BOD and 55 in waste s 
emissions also depends on the level of ECb and ECs set bY the 

pollution control authority. 
- 

34.. I tis exp e ete d th at the br ewe r Y "s don 0 tat t em ptt 0 a I ter the 

quality of sewa~e beiné emitted. They view a chanée in ECs or 

ECb as a chan~e in Ps and attempt onlY to reduce the Quantity of 

emissions. This would of course entail proportionate reductions 
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of pollution. This relationship was su~~ested in conversation 

with brewery officials and was confirmed with data supplied bY 

municipal pollution control authorities. 

35. Sometimes the malt is supplemented at this sta~e bY starch from 

other adjunct material. • 

as cattle feed. 

:36. The spent a r e i n s left in the lauter tub are collected and sold 

37. The brew-master uses two types of Yeast dependin~ on whether 

he is brewin~ ale or la~er. If he is brewin~ ale or stout he 

uses a yeast which rises to the top of the liquid when fermenta- 

tian is complete (Saccharomyces cerevisiae). with laeer the 

yeast drops to the bottom of the brewin~ vessel (Saccharomyces 

carlsbereensis). 

38. There has also been some concern about air (especially from 

~rain drYin~) and land (i.e. litter) pollution. These forms of 

pollution are, however, beYond the scope of the current paper. 

39. It is sometimes difficult to separate the sources of BOD and 

SS. It is undoubtedlY true that anY process desiened to remove 

one will' remove the other. For example, while trub and beer 

spil Is 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 55. These statements are consistent with our 

approach of model line the b r e w i n a firms' responses to Prather s 
than ECb and ECs' 

40. The l a r ë e s t 4 b r e w i n a firms in Canada controlled 99~ of the 

market in 1978. 

41. This may of course be explained bY re~ional markets and hi~h 

transportation costs. 
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Division d.,lndultriel ,"anufoctu~~, •• et 

p,lmol, •• , Stofl.tlque Conoelo, 

OHaw .. K lA DV6 

Phys ical Location of E s t a bli shrnene (Pi e a se Conte' if ne c e s s ary) 

S,I.C. 1093 Form CM 5-3305-18.1 

1.1 AUTHORITY 
Th. Annu.l Cen s u s of M.nuf.ctur.s is cc ll ecred under the 
authority of the Statistics Ac e, Chap re r IS. Sra rure s of Canada, 
1970.71.72. For further de ra il s se. it.m 1.1 in the enclosed 
Reportin, Guide. 

1.2 REPORTING INSTRUCTIONS 

The enclosed Reportin, Guide is designed '0 assi s t in the com' 
p le rion of this report. The instructions are numbered to correspond 
to the items to 'Which they refer. 

Reportlor your/ileol y.o, .nding between April 1,1975 and Marth 
31, 1976. Compl e te d que s rionna i re s must b. re turned wi rh i n 60 
days of re ceip r, Please keep one copy for future re Ie ee nce , 

1.2.2 SINGLE ESTABLISHMENT FIRMS (as defined underl.2.2 of the 
Re pcrt ing Guide): Pi e a s e include in rhi s report all of your ope ra 
tions, incJuding an)' head cffic e or an r i ll ary un i rs such as admi".. 
i s ua rive oHices, sales offices, w a re hous e s , laboratories, e rc ,; 

r e g ar dle s s of their location. 

1.2.3 MUL TI·EST.LBLISHMENT FIRMS (as defined under 1.2.3 of the 
Re por rin g Guide): Ple a s e include in th is report .11 of the 0Po ... • 
tians pen.ioin, to this establishment, in c ludin g any ancillary 
units (adm inis ua rive offices, sales offices warehouses, labora .. 
tories, e rc.) that serve this establishment only, regardless of their 
location. (Ope-radons of ancillary units th a t serve more than this 
establishment and operations 01 head offices are to be reponed 
on head offic. forms w hich will b. mailed separare ly to the appro· 
pri.,e addr e s s, ) 

OPERUIONS 
Did this establishment operate in the reporrinl 

r ear as defined in 1.2 a bcve? " .. 
f "No" sign in question 1.9 be lew and return. 

1.3 
1.3.1 Yu 

10 
No 

20 

1.4 FEDERAL PROVINCIAL AGREEMENTS 

In order to avoid duplication of enquiry and to provide c cn si s rent 
s eari s ric s , .I,eements have been made: 

With the provincial statistical agencies of Quebec, Manitob. 
and Saskarch e .... n under Section 10 of rhe Canada Stati s ri c s 
Act {or (he exchange ofin{ormadon collecred in this survey for 
establishments located in Quebec, Manitoba .nd Sa sk a rch e .... n, 
respectively. The Statistics ACIS of these Provinces include 
the same provisions (or confidentiality and p en al ri e s for dis 
closure of information as the Federal Statistics Act. 

- With .11 ether Province. und er Section 11 of the Ac, forth e e a 
chanac of informadon relating to estab1ishments located in their 
respective Provinces. The Section 11 agreementto share infor 
mation relating to this establishment she ll not apply if you 
object in wricin, and mail your letter, toge the r ",ith the com 

.pItted questionnaire, to Statistics Canada. 
For Iur the r de re il s on these alreements see item 1.4 in the en 
closed Reportin, Guide. 

1.5 LOCATION OF THIS ESTABLISHMENT 
1.5.1 Has the Ices rion 01 this e sra blishmene 

changed {rom Jast year? . 

!'oju 

o 20 
1.6 

1.6.1 

TY PE OF ORGANIZATION (Cheek one) 

Individual 
Own er ship 

10 
Partne.," 
ship 

20 

Incorporated 
Company 

30 
Co-op e r a tive 

40 
Y.I No 1.6.2 Does this represent a chanle in 

organizarion from your laSt report? o 20 
Dare of change 19 

1.3.2 Did ,his establishm.n' go ou, of busi ne s s durin, 1.7.1 _ 
the r.portin, year? ... ".,."."""" .. "."",.,.", ... ,., .. , .... ,..... 1 0 2 0 

1.7 N.LTURE OF BUSINESS (describe brie Ily] 

n "Ye s", ,ive date _ 
• nd c cmp lete this form for th. period cpe rared, 

1.3.3 Did any chan,e in cwne rs hip occur du,in, the 
re-portin, year? 1 D 2 0 

e 

1f "Yel'·, ,ive d.te_~ ....,. _ 
and provide information for the full reporting y.ar. 
If thl. is nor possible provide information (or the 
period operated and .ive name and address of 
respondent to contact for bs lanc e of information. 

(n.m~) 

Caddresil 

Yes No 
I. 7.2 Is ,his. ch.n,e f,om lu, yur? .............................. 0 0 
1.8 HE.LD OFFICES AND .LNCILL.LRY UNITS 

OF MUL TI·ESTABLISHMENT FIRMS 

1.8.1 Do •• ,his .st.blishm.n, have a C.nadian Head Yes No or Executive Office whose operarionl can be re- 
ported sep.r.tely~· 1 0 0 

1.8.2 If "Yes", please ,ive itl: 

1.8.3 Name _ 

1.8.4 Addr ••• _ 

1.8.5 Is thi s establishmen' served by any ancillary uni," 
th., .Iso serve (an) ether e s ta bl ishme ntl s) of your 
firm (see 1.2.3)?" 

Yes No 
o 20 

• Data {or such units should not be included in this report. 

1.9 CERTIFIC.LTIOH 
I certify tha' the information contained herein is cemp le te and correct to the belt of 
my knowled,e .nd be lief and covers ,he fisc.l year or period 

Titi. 

from LI_~_~"",, _ _,__ .... ,,-9-,1~ '0 LI_~_...__L...-'_...L_9_',_7...L_...I 
Y~ar o.,. Month V~., 

Ds re 
Day Month 

Sianature of authorized pe r scn 

Nr.me o( person to contact re.ardin, 
this report Area code 

Add,. .. including postal code 
(if differen' from m.ilin, addre ... bcve ) 

Te lex 

STANDARD 
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2. 
Innniory lor period 

INVENTORIES at book vs lue , includin. thon in lIanlil and Iholt on COnli,nmtnl ia co,ortd by rhil repoli 
Canida (rolu to Inll"'Cllon 2 in rho Ropollin, Guidt) I-----,O=-p-o-n-:i-n-'---~--...:...-C-Io-s-i-n-J---- 

Canldlln dollarl Conldiln doUa" 
(omil Ctnll) (omil ce ars) 2.1 

2.1.1 

2.1.2 

No 
2[] 

M.nuloClurlng Inventory 

Do Ihut fi,ur .. include inytnlory held but nol 0 .. nod1· 

In.ontory 0' Iue l 1-----------+---------- 

Yu 
10 

2.1.3 Inventory 0' ra1ll mlrorials. purchlsod compononts and suppli .. .................................... 1---------1--------- 
2.1.4 Totollnyontory ollu.I, r.w mot.ri.la •• t e, (2.1.2+2.1.3) .. 

• Inve nrcry 01 ,oods in prcce s s (less redorai e x c i s e duty) f-----------+---------- 

4. 
U 

4.1.1 

BASIS OF VALUATION (re Ie r 10 Inslluerion 4 in the Repollin, Guido) 
Fu.l. row mot.rloh, .ontoln ..... uppll .. , .t e, (u repor red in que s ticn 5 and 6) 

2.1,6 In.ontory ollinishod producil (loss rode .. 1 e xc i s e dury) f-----------+---------- 

2.1;5 

2.2 Inven'ory 0' goods purchased for ,elol. in 10m' condition QI purcholed ...... " ........ ,,, ... ,,, 1- -+ _ 

2.5 Totol inyontory 01 thil ,,'oblllhm.nt .. 

...................................................................................................................................................... f---------+--------- 

3. 

3.1 

UNFILLED ORDERS (relu ro lns truc ticn 3 in tho Reportin, Guido) 

3.2 Do you normlUy haye I blddo, (nor Ihippin, blcklo,) 0' unlillod ordor.? . 

Report Yllue (or ,i.o your be st estim .. e) as 01 De cernbe r 31, 1975 .. 
Vu No 

20 10 

4.2 
4.2.1 

2.3 Oth .. non·mt¥1ulocturino In.enlory C.poclly) 1-----------+---------- 

Are you reportin, conlvmption a. requested~ , .. 
OR 

Aro you r.porrin, purch ollh.se il.·mI1 . 

Produ.'. (II reported in qutsdon 8) 
Are you r.porrin, vs lue 01 .hlpmont. II requ<sred1 .. 

OR 
A.c 7°\1 reporl_n, ".1wc or pr.clwct'..,? , " . 

o 
20 

o 
20 

0.2 Ar. the repollod valu •• ar: (Chock "other" il more th an cn e is applicablo) 
Co •• , .. o 

o 
o 

40 

Book !tlnslor yalutl .. 

Final sellin, price? . 

Olher (.ptcify) .. 

5. CONSUMPTION OF PURCHASED FUEL AND ELECTRICITY (refer 10 Ins!tuClion 5 in rhe Repollin, Guidt) 

Kind 

1000 kwh. 

Ccmmoditj' 
code lor 
Statillic. 
Conldl use 

Unir 
01 

measure 
Qu.nliry used 

Co .. a"hi. eSlablishmen. 
Canodian doll "" 
(omir conll) 

261 ron 5.1 Co.1 and coke .. 

2631 1000 cu. ft. 

431 Cdn. ,al. 

Jeeroltnt. steve oil (No.1 fuel oil) t-4_3_2_2 __ -t- -+ ---l _ 

5.12 ELECTRIC GENERATING FACILITIES 
Did this estabJi.hment durin, the reportinl period opera te ,ener.tin, lacilitie. with 
nameplate ratin, of mort' the n 500 k.? . 

1-)}OI-18.1 

4323 5.5 - Di e se l oil r----;------+----------I'----------- 

5.2 Nllu,"1 ,u " . 
Gasol ine . 

5.4 

5.6 _ Li,hl fuel oil (NOl. 2 and 3) . 4324 

5.7 HOlvy (uel oil (No •• 4, 5 and 6) . 4325 

5.8 Liquelied pe rrol eum , •• e. (propane, butane, e rc.) . 436 1 

5.10 Other /uel (include 
s re ern purchased) (specily) .. 

ToI.1 1v.1 and .I.etrlclly .. 

5.9 El e c tric ity purchased (include service chatgt') .. 4971 

5. II 

V .. 
10 
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SELECTED MANUFACTURINC INPUTS 
6. Row material., components, container •• supplies, etc., purchased and uled in manufacturing operations 

(refer to Instruction 6 in the ~ortin_j_ Guide) - Do no' include material,., etc. produced by this establishment for its own use. 

Commodiry 
code (or 
Statistics 

Canada use --.---------------------------------" 

Total cosr at 
this establishment 
Canadian dollars 

(omit cents) 

Unit 
01 

mes sure 
Quantity used Description 

6.1 Raw materials and components purchosed and uled 
in manu(acturin~ opc rc u ce s 

~0-6-2-3-2----~--~--------------~----------------- 

06232 I " I 

6.1.1 Mah, barley, Canadian 

6.;.2 Malr, ba rl e y, impo n ed 

I 062 33 I I 6}.3 M,h. orh e r rhan ha rl ey rna l t 

Cereal {l cke s , grits and meal. - 

106252 ~li---------~I'------------------__+--------------------- 
, 062 52 

6:1.4 Corn, Canadian ... 

6. J.5 Com, imported. 

:062_53 ~-------~1~---------------------~-------------------- 
1069 41 

6.1.6 Rice 

6. J.7 

i 062 55 6.1.8 \I'h."t ... 

I 062 S Other cereal Ila k e s , grits and meals 6.1.9 

144 3 6.1.10 Hop s , Ca nadi an . 

I 144 3 6.1.11 liops, impcs re d (includ •• x ci s e duri e s in cosr). 

144 32 6.1.12 Hop, exr re c t 

Miscellaneous brewing ingredients- 

6.1.13 Acid - lactic 414 33 

401 SI 

401 12 

401 8 

402 1 XXX 

429 41 XXX 

429 46 XXX 

429 4S XXX 

429 22 XXX 

279 33 lb. 

279712 

40496 

404 

1447 

101 31 

101 33 

101 612 

146 321 

146 32 .______. 
XXX 

XXX 

278 1 M gal. ---- 
429 93 XXX 

-------1-- . 

6.1.14 phosphoric 

6.1.15 Muriatic 

6.1.16 Carbon dio x id e lor b rew ing . 

XXXXX 6.1.17 Chemicals (or refrigeration (ammonia) 

XXXXX 6.1.18 Clarilying agents .... 

XXXXX 6.1.19 Foam r e ra in in g ag.nts 

XXXXX 6. J. 20 Defoam ing agenrs 

XXXXX 6. I. 21 Filr.,ing agents 

6. I. 22 Gypsum .. 

6.1.23 Sa lt - sodium chl o ri de 

6.1.24 porassium (1\\l5,"c-) 

6.1.25 other salts (Burton, erc.) 

6. I. 26 y e a s t (il pvrcb a s ed) .. 

(.,1.27 Su g ar , granul~led. cane and beet . 

6.1.28 Sugar, invert and similar liquids (sugar solid basis) 

6.1.29 Glucose (including industrial com syrup) 
'" 

6. h30 Caramel 

6. I. 31 Food c ol ou r a nt s 

XXXXX 6.L32 Oth e r b r e w ·ing adjuncts, sp e ci Iy 

XXXXX 

6. I. 33 \I'aro< pur ch a s ed 

XXXXX 6.1.34 U'ater treatment chemicals 

6.1.3(; Other i n g r e di e n r s , s pc ci ly ---------+----------------------~--._-----.----------.--- 
................. . t---------1--------f-----·------------.1----------------·-- 

... 
__ 6~_---..:~:'b.total of items in 6.1 

l-)30l-18.1 
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xxx 

xxx 

Unil 
01 

mea sure 

xxx 

doz. 

xxx 

xxx 

xxx 

xxx 

xxx 

Quantity uud 

xxxxx 

xxxxx 

xxxxx 

xxxxx 

xxxxx 

xxxxx 

xxxxx 
V 

SEL ECTED MANU FACTURING II'IPUTS - concluded 

6. Row ",.t.rl.ll, co"'pon.n'", contoln ... , luppli .. , .tc., purcho .. d and u .. d in mlnulaclurin, opcrllion. 
(rele,lo Inl!ruclion 6 in the Repollin, Guide) - Do not in dude materi.ls, ole. produc.d by Ihis establishmenl lor irs o .. 'n us e , 

6.10 SUMMARY STATEMENT ON BREWED PRODUCTS 
Include quantities in Ie rrnent e r s , srora g e rank s , etc. 

6.10.1 On hand at boginnin, of year 

6.10.2 Brewed durini tho yeu (measure .r s ec cnd dip - as u s ed lor cxc i s e dury) 

6.10 .• Brewed produc .. pur cha s ed for re sate 

Totol ovoilobl . 

6.IO~6 Shipments 01 br e w -e d products produced by rhis pianI (P8. 6 i rern 8.1.6 re Ie r s} 

6.10.7 Shipments of br ewe d products purchased and te so ld {item 6.10.4refe r s ) ..... 

6.10.8 Shrinkag e , ,,· ... a g e , e re. 

6.10.9 On hand al end of y ear .......... 

6.10.10 Total accounted 10' 

1-3301-18.1 

~------------------------------------------------- ----- --- 

Description 

Commodily 
rode 1o, 
Statistic. 

Canodo use 

NON.RETURNABLE ( .... 1.0 se e rion 7.8) 

6. ~ Non.rtlurnable conrainers and ether shippin, and pa ck 
.ging materials purcho .. d a nd used lor goods 01 own ",anu' 
r.eIUrt' 

6.6 To,.l value or operatinl, me ln t en e r.. e and repair supplies pure-hased and used in manufacturing operation I, 
excluding luel .. . 

Total coli at 
Ihis e ... blishm.nr 
Canadian doll." 

(omil cen t s ) 

# 

6.3.2 Can .. 
9511232 

6.l~ Orh.r non-re ruma bl e con ts ine r s (plasric bott l e s , erc.) .. 951 

6.3.4 M .. al closures (caps and cre .. 'no) .. 
951 911 1 

6.3,5 fold in, and s er-up boxes and cartons .. 951 312 

6.3.6 Corru,"ed boxe •• nd c.rrons . 
95 I 311 

6.~.7 Labels, body and neck """""""'"'''''''''' r89_9_3 __ -+ __ X_X_X_-+ + _ 

6.3.8 Ke, expensCi . 

Number 01 gallon. 

{

lnClud.: breakages,loss on relunds, wrile.} 
6.3.1 BOille expenses otis. inventory shorraBes •• te. 

E_elyde: acrull co s t 01 ne" bortl •• 

6.3.9 Ali orhe r Plckaging ma rer i a l s and supplie .. 

6 .• Sub.total al Iloml ln 6.3 ..... , .......... 

6.8 Amounr paid our 10 oth er e .. ablishmenls for ... ork done on materials owne d by ,hi. e st e bl i shmenr 
(reler ra Instrucrion 6.8 in the Reporring Guide) .. 

6.7 Tolol 01 row mo'erlall, componenfl, con'alnell, suppllel, etc. (6.2'6.4'6.6) 

6.9 Total or row materials, container., Iyppliol and amount paid 'or worle. done (6.7 + 6.8) . 

. ----------- 



-98- 

SELECTED NON·MANUFACTURING INPUTS 

7. Merc),andising and construction activities, etc. 
(te f e r to Instruction 7 in the Reporting Guide) 

7.1 Purc~ole, of vooda from other eltablishments for .,esole in some condition al purchosed 
(include' transfers of such goods from other establishments of your company) 
(report sai e s 01 such goods in que s rion 9.1) . 

7.2 Purchosed material. and luppliel used in new conltruction produced by own labour force for Own u •• 
(only rhe s e it erns charg e d 10 Fixed Ass." Ac c cunrs .. ·hich are reported in qu e s t ion 9.2) 

7.3 "'Purchased material. ond supplies used in production of ony machinery and equipment for own u.e by own labour fore. 
(only those items charged to Fixed Assets Accounts v.'hich are reported in question 9.3) 

7.4 Olliee .upplie. purchosed and used. 

7.5 All other purchosed materials and supplies used by this establishment. 

7.6 Sob-tetc l of item. in 7 ... 

Total cos, at 
Ihis,slablishment 
Canadian dollars 

(omit c e n t s} 

7.7 Grond toto I of selected manufacturing and nan.manufocturing inputs (6.9+7.6) . 

SUPPLEMENTARY 

7.8.1 NEil· bo r rl e s - Small 
dozen 

Quantity Cost vllue 
01 the piani 

7.8 Returnable containers pu,choled during the year: - Original pd c. 

number 

Unit of 
m e a sure 

7.8.2 Larg e . 

7.8. 3 ~ Ell' case s (lor b e e r) Ccrrugat e d paper (re-tr ipper s) . 

7.8.4 Barrels and k eg s -metal . 

Canadian I 

7.8.5 Other returnable containers, specify 

7.9 SUPPLEMENTARY - MANUFACTURED OUTPUTS 

DUTIES. TAXES, FEES, LICENSES, ETC., PAID ON PRODUCTS SHIPPED 
Please enSure that the s e payments or. excluded 

f,am commodities reported in Section 8.1 

7.9.1 Federal excise dut i e s 

7.9.2 Fe de .. ! sa l e s lues. 

7.9.3 Provincial sales rs xe s . 

7.9.{Prodncial ga l lona g e lax, il applic a ble 

7.9.fBre we rs' [i c e n s e lees (Fed. and Prov.) 

7.9.6 Other tax e s , specify .... 

7.10 Totol of items 7.9.1 to 7.9.6 te c lc stve . 

Canadian dollars 
(omit cenrs ) . 

1-3)01- I8.1 
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SELECTED M4HUP4CTURIHG OUTPUTS 
8. Shlpm.nt, 0' good. 01 own monuloctul. (re le r re lnsrrue rlen 8 in tht Repollin, Guid.) 

Ntl vs lu e o( .hipmenll, 
e x <ludin, salu c ..... 

exe ls e dutÎ(,1 and 
e s e ise tiltS, shipping 
<hltSts br e ommon or 

ContrlCI carrien 
and ntC 01 any 
sllel discounts, 
.lJotl.'ancel, ere , 
Canodi.n dollar. 

(omic cents) 

Commodiry 
e ede for 

SIUillic. 
Can.d. u.c 

Unie 
of 

mralule 
Quancicr .hipp.d De seriprie» 

8.' Productl Ihipp.d 
B"w.d P,oducta - 

11.,1.1 501.11 bocci , , .. 172 111 ,al. 

172 112 8.1.2 LIt •• boul .. 

17212 8.1. 3 Canncd ... 

172 13 8.1.4 O'.U.hl ....... """ ...... " .... "" ....... "" .. "" ... "." .. " ... "" .. "" .. " .. """"." ... 

172 19 8.1.5 Br e ..,od producu Ihipped in bulk (boul.d br ether pl.nu) ,.. 
I •• 8.1.6 Totol (8.1.1 to 8.1.5 Inc lUI Iv,) 

Oth.r PIoduCI., 
8.1.7 Bre..,e,,· IlIin, -dri.d ", ."" " """" " "." .. """ .. ".,,,, 155 311 con 

8.1.8 Br ..... r.' ,r.in.-..,u , .. , .. "" .. , .. " .. " .... " ..... """ .. " ... "" .. " .. "."",,,... 155312 

8.1.9 Br • ..,.,,· r.ur-dri.d """ .. ", .. " .... """,,,,,,, .... ,,,, ... ,,,,,, .. ,,,,,, .. ,, .... , 144712 

8,1.10 Br .... e rs ' )'.'" - ..,.r , ......... "." .. "."" .... "" .. ""." .... ""."" ... " 144 711 

8.1.11 Carbon dioxide '11, prcdue e d (or .. le ."""" ... """"""""." ..... " 40181 lb. 

B.1.12 Oi"ill.d .. ·.ccr .""" ... " .. """"""."" .. "."""" .... " .... " .. """""."".",, 409. ,.1. 
I I I •• B.1.13 Y ... c (lab, produce d) ms de for own usc " ... "" .. " .... " ... """" .. ",, 1447 lb. 

B.1.14 Y ... , (lab, prcduc e d) madc .nd sold .. """"" " ..... " .. ""."" .. ""." 1447 

I I I I • •• z B.1.15 Scr.p cUlon. "" .. ",,,,,,, .. ,, ,, .. ,, ,, ,, .. ",,,, ,,,,.,,,,".,,,,, 29122 

••• I I I I. 2918 B.1.16 Scr.p si ... , euller "" ..... "" .. "" ..... """" ."" .... """" ......... " .. " .. "" 

Totol voluo·ol .hlpmenta 01 good. 0' own monuloctur. (10101 0' Item. In 8.1) " .. "." ....... ".""""."" ..... "." .... "." ...... "." B.2 

8.3 L .... diusern.nu for ch. followin, ic.ms if you wer. not obi. co exclude Ih.m from Ih. va lue of ch. individual 
producli in s e cticn B.I 

" 8.3:1 Toc.ll'aymenu Ior .hippin. charles by common or <oncr.cr carri." ." ... " .... "" ... "".""" ... """ ... ""." ... "." ... ,, ........ ,, ... 

Tor.1 p')'moncs 01 sale. c .. es, exci s e duci ••• nd •• ci •• c """"" " "." ".""".""." .. " " ".""", B.3.2 

Tocil .mounll of dil<ounl., .. 10 •• 1I0 .. ·.nc ... nd re rurne d sal •• B.3.3 ,,,,,,,,, , , .. 
Ii'" 

Toc.1 .diusernenll (sum 01 i tem s in 8.3) .. , ".".""".""."." .. ". 

I( the amounts (eported abcve include any i ncuree d in cenne crion 
wi th ,ood. purch a s e d for reule ( ••• 9.1) pi .... check he .. o 
Adjust.d ve lue of .hipm.ncs of goods of o ... n manufacture (8.2 I e s s B.4 or 8.2 if 8.4 i s z e ro) 8.5 

-------------------------.--------------------------------.------------------------------------------~--.-------------_ .. _-- 
8.6 Amount re c e ive d in pl~'m~nt (or work done on mllerials &nd products cwne d by other establishments (incJudinl 

rho s e [rem anr other •• cablishm_nt of rour own company) " .. """" """ "" " .. "."." "" " " .. " .. 

8.7 Tolol volue ol,h;pmenh 01 good. 01 own ,"onuIQc"". ond omount rec.lvod lor work dono (8.5 + 8.6) 

l-BOI-I8.1 
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9. SELECTED HOH-MA.HUFACTURING RECEIPTS (,der to InuNction 9 in ,he Reportin, Guide) 

Value 01 shipments 01 goods purchol.d and laid in lomo condition al purcho •• d 
(purcha s e s 01 such goods should b. rcpotted in question 1.1) 

9.1 Total valu •................................................................................................................................................................... , ..................•. 
Specify bela .. the major products included in this valur and ,i\lt e srimare or percent.le which each reptesenll 
of this valu. 

Nam. of product Es rima ted % 

9.2 Book value or new construction by own labour (or,. (or own us. 
(only th a t amount charged [0 the Fixed Assets Accounts - thi,s s hou l d a t least include material costs reported in 
que s ricn 1.2 and labour included in 14.1.4) . . 

9.3 Book value of machinery and equipment monufoctured by own labour lorce lor own ul. 
(only that amount c h ar ge d to the Fixed Assets Accounts - this should at least include materi.1 costs re pcrted in 
quesrion 1.3 and labour included in 14.1.4) " , , , , . 

9.4 Revenue f,om .ole of eleclriclty ' . 

9.5 Revenuo from 100 .. or rental of mochln.ry and oqulpment manufactured by thl. eatobll.hmon' . 

9.6 Alf othor revenu. from producli and .. ",Iell te ac lude non-op.ratina re venue s such .s interest, divid.ndl, ere.) ........ 

9.1 Total 01 iteml In·9 .. 

Canadien dollars 
(omi r cents) 

10. Grand total of mon"focturing and IOlocted n~-man"'.c"'rln; outpUtl (8.7.9.7) .. 

SUPPLEMENTA.RY 

11. Rev.cuo Irom loa .. or ron tal of property; landi, bulldin~l, offic .. , otc .. 

12. Rev.nuo Irom leo .. or rental of mochlnory end equlpm.nt othor Ihon tnot Includod In 9.5 obc •• (i fro<ll mlchin.ry 
0/ e ll kinds, en,in.s, tNC" of III 'yp.s, trlil.rs, rra c tors , other equiprotnt, e tc.} , .. 

sr AHDARD 

\. 

~-3301-18.1 



-101- 

14. EMPLOYEES OF THIS ESTABLISHMENT (reler re soclion 14 in lhe Reportin, Guide) 

Set report in, inlttuction. 
1.2.2 and 1.2.3 on p",e I 

01 lhi. lonn 

Grall 
•• Jariel, 

.... sr., com 
missions, 

henultl, etc. 
(ami I cents) 

A\'erase number 
employed 

durin, reportin. 
period 

Number of man .. houra 
(please provide r ... ensble e s tims te 
where record. ate not maintained) 

Mile Female Worked Plid 

14.1 Employ ... 0' ,hi. location 

14.1.1 Executive, administrative 
Ind III .. Slalf 

14.1.2 Employees in manulacrurin. 
cper e ricn •.............. 

14.1.3 Ours ide pie c ewcrke ... Please in· 
elude amounts paid (0 outside 
pircrworkC'fI an section 6.8 ........ 

14.1.4 Other producrion and related wer 
k e r s , Jncludins employee. en&a 
led in construction and produce 
cion of machinery and equipmenl 
(or own use 
( se e 9.2 Ind 9.3) . 

14.2 Employ ••• a' o,her loca'ion. 
14.2.1 Employ ... in manulacrurin. 

operations " . 

14.2.2 All ether employe ••.................... 

14.3 TOll1 ·.mploy ••• al ether 
location •........................................ 

xxxx xxxx 

xxxx xxx xxx xxxxx 

xxxxx 

xxxxx 

xxxxx 

14.4.3 A"<lI,' plid vacuion in number or weeks per yelr 
OR 

• 

xxxxx 

xxxxx 

xxxxx 

Major activity 
carried on 

xxxxx 

14.4 Suppl.menluy inlonnation 

Employ.e' in 
administration. 
s a l e s , ere. at 
this location 
(s ee J 4.1.1) 

Ernp loye e s in 
manu(acturinl 
operations at 
this location 
( s e e 14.1.2) 

1~.~.2 Numb e r 01 hou .. in standud work ..... k 

14.4.J A ve n,e hourly rite of pay in dollar. and c enr •.............................................. " . xxxxxx 

14.4.4 Vlcalion ply II r. 01 elrnin ••................................................................................................... 

14.4.5 Numb e r 01 plid .lItulOry holiday. per year . 

15. Employ e e s al orh e r locuion. included in rhi ... rurn (IlliCh "pulle sheet ir ne c e s slry) 

Le ee+ren 
{s ue et and number, municipality 

name, province) 

Tolal (should "tr e e e ·ith 14.3above) 

Statistic. 
Can .d. use 

Gros. 
sahHiel, 

wages, com 
ml s s i on s , 

bonu ses, etc. 
(omil «nI.) 

A"CU8e number 
emp loyed durin. 
reporting period 

1.1.1. Fe maf e 
_. 

_____________________________ -L ~_~ ~ ~ -L __ 

Sumbu ....................... _1 __ 
=-------========================~~~~~===========-=.=--==:_----=~-=-- --- 

5-)305-18.1 

16. Wotklng ownerl and parin., •........................ 



{ . HC/lll/.E28/n.24l 
Smith, J. B 
The impact of 
environmental 

c.l tor mai 
dcwg 

} 


