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ABSTRACT

Thi s paper investigates differences in cos t structure between large public,
small public, and small private elec tric utilities in Newfoundland and
Labrador, Canada . Th e objec tive is to exa mine whether scale and ow ners hip
structure matter for productive efficiency. \Ve use es timated share equations
fro m translog cost fun ctions to caleulate elasticities of input demand and
substitution, technica l change, sca le economics, and perform a goo dness-of-fit
' test ' of eco nomic efficiency . Much of the evidence in the literature favo ur
private ow ners hip on efficiency gro unds . In the case of Newfoundland and
Labrador, this study does not. We offe r severa l plau sible exp lanations for this
finding that generalize beyo nd this sample.
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INTRODUCTION

It is a trui sm to say that governme nts have long deem ed eontro l over
ene rgy to be too important to be left to markets. Ca ptiva ted by the expected
sca le economies of eve r larger power plants located at grea t di stanc e from
mark ets. and accepting that integrated power systems must be regulated ,
governments have often tolerated product ion, tran smi ssion and distribution
inefficienci es and the environmental degradation that many power
de velopments have left in their wake . However , in recent ye ars the
ownership-e ffi ciency nexu s has attracted renewed and growing public interest
and in man y jurisdi ction s, governme nts are extrica ting them selves from the
bu sin ess of running natural monopolies in the ene rgy sec tor. There are severa l
reasons for thi s. First, there is the cla im that ' unbundling ' ge neration,
tran smi ssion and distribution in large vertica lly integrated monopolies,
reduc ing regul ati on and crea ting a competitive elec tr ici ty tradin g environme nt
wi ll co mbine to lower prices to end-users without co mpromising avai labi lity
and rel iabi lity. But does privat ization or deregul at ion ac tua lly lead to
improved effic iency? The empirica l literature is not unequi vocal on th is point.
In part icular, the quest for efficiency gai ns by means of privati zat ion or
de regulation has failed to establish co nc lusive evi dence relat ing produ ct ive
efficiency to the structure of ownership. Mos t of the theoret ical and empi rica l
literature, on electric utiliti es at least, has exa mined the narrower issue of
w he the r privat e owners hip leads to higher effic iency than state ownership.
T he latt er issue is rea lly only a subse t of the forme r (V illa longa, 2000) .
According to thi s view, the bro ader question involves a political ,
organ izational and economic tran sition pha se to a modified modus operandi.
Most of the pertinent ex isting literature, the present study included, have
focused on differenc es in the modus operandi und er different managem ent
sce narios, rather than on the tran sition itself. The distin ction has gained
cur rency as it stresses the unsurprising fact that in the politi cal process, factors
o ther than economic efficie ncy typ icall y domin ate publ ic policy out com es.

Second, a pressing reason for publ ic co nce rn about electric ut ility
owne rship issues stems fro m the growing demand for energy, and the
co mpe titive forces set in mo tion in recent years by the Unite d States Federal
Ene rgy Co mmission that dr ive a sweeping restructuring of the elec tric ity
industry across North America.' In Europe , co untries are moving toward
deregulation at variable speeds. At present. only Great Britain, Germany and
Sweden have co mpletely de regu lated energy markets. This trend has

I The trend towa rd a more competi tive . dereg ulated electrici ty market was pioneered in
Europe . notab ly England. Wales, and Norway. See e.g. Green ( 1999) and Klitgaa rd
and Reddy (2000). By the end of the 1990s this wa s the prac tice also in about 50
pe rcent of the U.S. states.
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imp licati ons for public pol icy also in Canada since access to the em er gin g
nat ion a l and intern ational elec tric ity trad ing env ironme nt is und ermining old
captive utilit y mark ets and reg ulatory structures, forcin g pro vin cia l
governme nts to comprehensively rev iew ex isting energy po licies, inc luding
deregul ation or possible privatization of public elec tr ic utilities." But in the
face of the rece nt Ca liforn ian experience, deregula tio n and privatization may
be losing some of its a llure , in some Ca nadia n jur isdictio ns at least, as mean s
to improve the effic iency of the elec tric utility indus try . Havin g in recent
yea rs enco untered stro ng public oppos ition to pri vati zati on of a major
publicly-owned utility, the Governme nt of Newfoun dland and Labrador
appears to have abando ned the priva tizat ion option and is now co nc luding a
pub lic consultatio n process regarding a proposed lon g term plan to ensure an
adequa te supply of compe titive ly priced energy usin g other mean s. T he
Province of Ontario plans to unveil its own energy plan in 2006 . So me of the
common core issue s con cern the typ e of generation capac ity to be used , how
it sho uld be regul ated, and whe the r pri vate industry sho uld be inv ited to build
and operate this new ca pac ity (Department of Natural Resources, 2005).

Third, the emergence of cleaner and more reliable micro power alternatives
to grid power is creating a ce rtain frag me ntation of the electric power
ind ustry, as we ll as ten sion amo ngst various interest groups on account of the
perceived env iro nme nta l impacts associ ated w ith micro-scale hydro
development s, w indmills , and the harvestin g and burning of bio-fu els. In thi s
process, the ow ne rship-efficiency issue remains a foca l point of public poli cy
as electricity generated from hydro and nuclear sources in pa rticular form a
bridge to a greener future . Since the marginal cost of operating ex isting suc h
power plants can be very low, these sources can continue to produce power
until the end of their usefu l lives unl ess tight ened envi ronme nta l standa rds
mak e thi s unaccept abl e.

Fourth, decision s about the structure of the indu stry have impl icat ion s for
the feasib ility of mo dified reg ulatory regimes, pricing, future supply systems,
and even the usc of electricity as a too l for regional economic development.
Yet, the use of disco unted electricity for thi s latter purpose seems to be in
decline due to full ut ilization of lower cos t energy sup plies , trade agreeme nts
banning subsidies , and a ge nera l trend toward mark et liberalization.

~ As anticipated by Snelson International Energ y ( 1996). some Canadian pro vinces have
moved toward a competitive and pri vati zed electricity market. But this move has
been slow. partl y because of the unique mix o f crown-owned and investor-o wned
utiliti es in Ca nada. Alberta and Ontario have taken action to restr ucture their
electricity indu stries. New Brunsw ick and British Columbia have beg un unbundling
in public utiliti es. Hydro-Quebec has already done so . Nova Sco tia Power was
privatized in 1992. The other Canadian provi nces have not ye t made any major
changes to the structure of the e lec trica l sectors (Department of Natural Resources,
2005).



()6 Energy Studies Review Vol. 14. No. J

The present study extends earlier work by Wernerheim and Na darajah
( 1998) to a comparat ive ana lys is of the size-ownership-effic iency nexus in
thr ee seg ments of the electric utility industry in Newfoundland and Labrador;
' large-sca le public utiliti es ' , ' small-sca le publi c ut iliti es ' , and 'sma ll-scale
pri vate utilities.' We specify and estima te the effect of size/owne rship on the
relat ive economic efficiency in each of the se indu stry cat egori es separately. A
well established approach is employed invol ving the share equations of three
and four-input tran slog cost functions to calculate a relati ve effic iency index,
and to estimate returns to scale, technical change, and own- and cross-parti al
elasticities of input demand and substi tution.' Segmented corpora te dat a for
some public utilities made ava ilable by Newfound land and Labrador Hyd ro"
(N LH), and data published by Statistics Canada a llow us to impr ove
substantially upon previous estima tes , although some da ta issues remain , as
discussed below.

The analysis fo llows standa rd practice, assuming that the pri mary long
term objec tive of publ ic po licy toward the electric ut ility indust ry is eco nom ic
effic iency. Th e objecti ve is to exa mine whether, and in what direc tion, sca le
and ow nership affec t product ive effic iency in the three utility ca tego ries
identified. As such, ours is an indi rect approach to the vexing qu estion of
whether private (inves tor-owned) electric ut ilities arc more effic ient than their
publ ic-sector counterparts. Thi s pap er does not address reg ulatory and
mark etin g issues, investment financing aspects, or royalty regim es. The only
dim ension of economic effic iency that conce rns us here is the cost of
supplying electricity as mani fested in differences in produ ction structure
ac ross the three utility categories. Eve n if factor s oth er than cost minimization
are relevant to poli cy-m aking as previously sugg es ted, we beli eve that
kno wledge about the effic iency of the different utility segments can usefull y
inform the public debat e. Th e remainder of the paper is organized as follo ws.
Section two discusses the related studies . Seetion three sets out the structure
of the electricity indu stry and the poli cy contex t in which we frame our
analysi s. Sec tion four introduces the mod el and the measure of efficie ncy .
Sec tion five discusses the data and estima tion procedure. Sec tion six present s
the empirica l resu lts. Sec tion seven co ncludes.

3 Mo st earlier studies have focus sed on the effects of ownership structure on productivity
and technical progress. and concern fossi l-fuelled steam-electric generation either by
investor-ow ned utilities or public utilities in the United States. Mor e recen t work has
been base d on tle xib le functio nal forms and frontier cost function specifica tions (see
e.g . Fare et a l, 1985 ; Nelson 1990'1 ; Sc ully 1998; and Diewert and Nakamura 1999).

4 NL H is the Pro vin ce's largest cro wn corporation, and Canada's fourth largest utility.
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1. RELATED STUDIES

Why might ownership and scale matt er from the standpoint of economic
effic iency of electric utilities? The literature that bears on this issue in one
way or anoth er is ex tens ive . It has been surveyed by Vining and Boardman
( 1992) and oth ers cited belo w. Thi s is not the plac e to att empt an updatin g of
the se comprehensive accounts. In the interest of brevity, we limit ourselves to
citing the resul ts of those empirica l, primari ly Nort h American, studies
spanning the last forty years or so that have focused specifica lly on the
re lative efficiency of pri vate versus pub lic e leetric utility ownership . In their
review of more than 90 comparative ownership studies of a wide variety of
indu stri es, Vining and Boardman ( 1992) conclude that ownership matters for
both technical and allocative efficiency . They find that on balance, the
evidence favours private ownership on efficiency grounds . Our review of the
evi de nce for the electric ind ustry is far less co nc lusive (Ta ble I).

Ta ble 1. Empirical resu lts on relative efficiency of public and private electric
utilities

Public utility more efficient Nodifference/ambiguous Privateutility more efficient"

Meyer (1975) Shepherd (1966) Moore (1970)

Neuberg(1977) Mann (1970) Wallace and Junk (1970)

Primeaux (1977) Yunker (1975) Peltzman (1971)

Pescatrice &Trapani (1980) Spann (1977) Tilton (1973)

Fare et al. (1985) Dilorenzo & Robinson (1982)
De Alessi (1974a), (1975),
(1977)

Cote (1989) Edison Electric Inst(1 985) Pollitt (1994), (1995)

Koh etal. (1996) Atkinson & Halvorsen (1986)
Foreman-Peck andWaterson
(1985)

Kwoka (1996) Homes(1990)
Kumbhakar and Hjalmarsson
(1998)

Wernerheimand Nadarajah Hjalmarsson and Veiderpass
Scully (1998)

(1998) (1991)

Kwoka (2005)

NOles:
a/ See also Mann and Mikesell ( 197 1): De Aless i ( 1974b): Nelson (1990 a): and Newbcry
( 1997)

On the one hand , private ownership in a un- or deregulated environment
should theoretically attain superior results to pub lic ow ners hip as private
ow ners can influence managers by divestin g ow nership shares. This does not
app ly to pub lic ly owned ut iliti es , and moreover, such utilities may be subject
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to manipul ation for polit ical reasons that may promote inefficient subsid ies ,
over-employ me nt, or other preferential treatment of constituents.
Managem ent do es not have to be efficient because cos t reco very is ensure d
through cost-based rates.' On the oth er hand, while regul ators do not have full
information about private sec tor cos ts, the overseer of the publicly owned
utility has full information. Ass uming that both the regulator and the public
owner seck to sati sfy the public interest, one might perhaps expect that
publicly-owned enterprises outperform the pri vat ely-owned one because of
acc ess to manageri al information (Kwoka, 1996). Another possibility rest s on
the ' no difference in effic iency' argument. According to Vining and
Boardman (1992) there are two ways of reaching the conclusion that
ownership does not matter for alloca tive effic iency . The first is to argue, as
does Whitehea d, ( 1989:9) that " there is no inherent reason why enterprises in
priva te ownership should ope rate more efficiently than those in publ ic
ownership ." Th is argum ent ass umes no difference in the product ion of socio
political output (produced in addi tion to ' core ' output.) But as the autho rs
po int out, thi s is contrad icted by the pro po nents' view of pub lic utilities as a
po licy tool. Th e second argume nt is that public util ities are technicall y and
allocative ly effic ien t but prod uce soc io-po litica l output, which is not taken
into account in standard efficiency studies . The problem with this argume nt is
that the extent to which publ ic util ities raise employment, wages, and produ ce
other soc io-politica l output necessaril y comes at the expense of pro fitability.
In the case of Ne wfo undland, this study does not find support for the
hyp oth esis that the eco nomic effic iency of privat e electric utilities is superior
to that of public utilities. Several plau sibl e explanations for thi s finding are
offered.

2. INDU STRY STRUCTURE AND POLICY CONTEXT

Ca nada's elec tric power indu stry con sists of provincial Crown
co rpo rations , investor-own ed utilities, municip al distribu tion utilities,
industrial ge ne rato rs, and so-ca lled non-util ity generators. Ye t, almost all
aspects of the industry are und er the authorit y of provincial govern ments . In
most provinces, the industry is highl y ve rtica lly integrated with generatio n,
transmi ssion and distr ibut ion provided by a few dominant ut ilities.
Interconnect ion s exist between provinces , and be tween provinces and the
Uni ted States, but they are ge nerally sma ll relative to the capacity of the
ind ustry in eac h province. The exceptions are the individual gene rating plants
(such as Churc hi ll Falls , Labrador) bu ilt to export power (Departme nt of
M ines and Energy, 200 2).

5 In Newfoundland, bot h pub lic and private uti lities are reg ulated this way as disc ussed
below.
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Turning to Newfoundland and Lab rador, the Province has three pr incipa l
electrica l sys tems : the Island Interconnected System: the Labrador
Interconnect ed System; and a diese l generator service to isolated areas in
Labrador and on the Island . These systems are operated by two regulated
uti lities, NLH and Newfoundland Power (NP). NLH is a Provincial Crown
corporat ion" with the mandate to generate and transmi t electricit y in the
Province and to provide distribution and reta il services to customers in
Labrador and in areas of the Island not serviced by NP, an inve stor-owned
utility. ' N LH owns and operates app roxi mate ly 80 per cent of the ge nerat ing
capacity on the Island. Thi s inclu des 900 Megawatts (MW) of hydroelectric
power and an oil -fired thermal pla nt (490 MW), whic h is used on a sea sona l
pattern according to rainfa ll.

On the Island System , NP is the primary retailer of electricity, supplying
about 85 percent of electricity customers. It purchases about 92 percent of its
supply from NL H and generates the balance itself fro m sma ller hydro
generating faci lities. A lthough NLH is primarily a who lesa ler of electricity , it
also se lls power to five large industrial customers (fo ur on the Island xand one
in Labra do r"), to rura l retail custome rs on the Island not serviced by NP, and
to diesel- serviced customers in iso lated co mmunities . On the Labr ador
System, power is gene rated by Churc hill Fa lls (Labrador) Corporation (CF(L)
Co) from whic h the Pro vince is ent itled to 300 MW, which NL H purchases to
supply customers in Labrador. An y unused portion of thi s power is resold
(exported) to Hydro-Quebec und er the current Recall Sales Agreem ent
(Department of Natural Resources, 2005) .

(, NlH is the parent company of a group that includes Churehill Falls (labrador)
Corporation (CFlCo). NlH owns 65.8 percent of this Corporation, and Hydro
Quebec owns the remaining 34.2 percent. CFlCo owns and operates the 5428 MW
Churchill Falls plant. The Twin Falls Power Company (TwinCo) owns 225 MW of
output as compensation for the diversion of water into Churchill Falls from
TwirrCos original plant at Twin Falls which is mothballed. This power is used by
Iron are Company of Canada (I0CC) and Wabush Mines. which own TwinCo
together with NlH (Department of Mines and Energy, 2002).

7 NP is a subsidiary of Fortis Inc, which also owns Maritime Electric. the principal
supplier of electricity on Prince Edward Island, a 50 per cent interest in Canadian
Niagara Power Company, which distributes electricity to Fort Erie. Ontario and
through interconnection. supplies the city of Cornwall, Ontar io and New York' s
upstate system. Fortis also has investment in one US generator. and two utilities in
latin America.

S Abitibi-Consolidated, Comer Brook Pulp and Paper Co. and North Atlantic Refining.
The paper mills also generate electricity themselves. as do three "non-uti lity
generators" with small hydro and wind plants.

9 Iron are Company of Canada (I0CC) is supplied under a separate contract with the Twin
Falls Power Corporation. which has its own entitlement from CF(l) Co. 10CC also
buys additional power from Nl H.
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In 2004, Newfoundland and Labrador had a total of 7,427 MW of
electrical generating capacity of which 90 percent is hydroelectric (Table 2).
The Island' s share was 1,925 MW with about 65 percent in the form of
hydroelectricity. Almost 96 percent of the provincial supply comes from
hydroelectric sources. The total provincial electrical energy consumption
(demand) was about eleven tcrrawatt hours (TWh) with about three-quarters
on the Island and the remainder in Labrador. The hydroelectricity share of
total end-use energy demand across user groups ranges from zero percent
(transportation ) to 67 percent (residential). The balance is made up of
petroleum products and coal & coke.

Table 2. Newfoundland and Labrador installed operational generating
capaeity", and electricity demand & suppll, 2004

Capacity fu!QQjy Demand

All systems: MW MkWc % MkWc

Hydro 6,682 39,595 95.6

Thermal 745 1,792 4.3

Wind <1 <1 0

Total capacity 7,427 Provosupply: 41,387 Provoconsumpnons: 11,039

minusexports' : 4,903 plusirnoorts': 16 0.04 plus exportss: 30,363

AvailableProvocap 2,524 Total supply 41,403 100 Total demand 41,402
Noles:
al Excludes the 22 5 MW of generating capacity at thc Twin Fa lls hyd roelectric faci lity in
Labrador which has not operated since thc wa ter wa s divert ed to Churchill Fall s. Exc ludes the
isolat ed hyd roelectri c generating ca pac ity at Mcnihck in Labrado r.
bl some numbers do not sum due to rounding errors ,
cl milli on Kilow att s
dl includes end-use electr icity co nsumptio n and related system and tran sm ission losses.
cl CF(L)Co ow ns and op era tes thc 5,42 8 M W hyd roelect ric ge nerating fa c ility at Churchill
Falls and re lated tran smission in Lab rad or. The maj ority of Churchill Falls e lectrica l capac ity
is committed und er long- term export co ntract to Hyd ro-Qu ebec, A total of 525 MW arc
available for do mestic usc on the Labrador interconnected sys tem of which 22 5 MW are
co mmitted to Twi n Fall s for the min ing operat ions in Lab rad or West and 300 MW for the
Lab rad or interconnected sys tem.
fl Labrad or Strait s Region
gl expo rts to Qu eb ec and associated sys tem and trans missio n losses
Sources: Newfoundland and Labrador Hy dro; and Department ofNat ural Resources (2005 )

It is a looming electricity shortage that is the ' prime mover' behind the
electricity proposals in the Provincial Government' s recent Energy Plan.
Growth in the Island 's electricity supply is expected to run ju st under one
percent per annum in the medium term. At this rate, existing capacity can
supply Island needs until at least 2009. By 20 12, it is anticipated that Voiseys
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Bay Nickel will begin operating a full-scale hydromet plant on the Island,
which alone will result in a significant rise in overall demand. This creates a
need to plan for faster generating capacity expansion, The type, scale and
ownership of any nell ' capacity arc some of key issues to be determined, and
about which the public is currently consulted (Department of Natural
Resources, 2005).

The electricity industry in thc Province faces several challenges that relate
directly or indirectly to productive efficiency, scale and ownership . They
include the high cost of fuel for thermal generation, the high cost of
developing new and alternative generating sources and new transmission
infrastructure, as well as the direct and indirect costs of meeting increasingly
more stringent environmental protection requirements. Preparation must also
be made for further integration of the industry with the North American
system in the future, and adaptation to the quickly changing North American
electricity sector (Departm ent of Natural Resources, 2005).

Interestingly, it has been noted at least twice previously that the present
industry structure is inherently ineffic ient (see Table 3 for the utilities
included in this study) . Reasons given arc the duplication of services, and
extra cost in servicing boundary areas . To rectify this, the 1973 Report of the
Study Group on Energy to the Provincial Planning Task Force recommended
merger of the various investor owned utiliti es/distribution companies on the
Island. A subsequent analysis by NLH of the 1989-91 offers by Fortis Ltd to
acquire some of NLH's transmission and distribution assets concluded that
the acquisition of NLH's distribut ion areas and assets would achieve
efficiencies by reducing annual operating costs by about 55.4 million.

While all the earlier distribution companies now form part of NP, NLH
retains a patchwork of areas where it provides distribution service. 'The
fragmented nature of this territory is widely considered to be part of the
reason why NLH does not recover the cost of servicing these customers when
they pay the same rates which arc charged to NP customers, based on NP's
cost of service ' (Department of Mines and Energy, 2002). Perhaps in response
to these findings, government policy since 1989 has been that NLH should
avail of the private sector for power generation when the cost of doing so is
less than if NLH itself were to install additional plants.

Government policy has also attempted to make better usc of provincial
hydro electric resources. The total provincial electricity supply in 2004 was
4 1,400 Gigawatt hours (Gwh), But 72 percent of it was exporte d from the
Churchill Falls Labrador facility to Hydro-Quebec under a long-term (1969
204 1) fixed-price contract. Regrettably for Newfoundland, there arc no
provisions in the contract for inflation or increasing operating costs. Repeated
failures to renegotiate this deal coupled with the effects of deregulation
elsewhere, and greater access to international energy markets, have lead to
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negot iat ions between NLH and Hyd ro-Quebec (ini tiated in 1998 and on
go ing) about a 2.000 MW deve lopme nt on the Lower Churchill River. This
s ite is held to be the leas t-cost hydro electric site in North America .

Table 3. Structure of the electric utilities in the study sample". by utili ty
ca tegory, Newfoundland and Labrador.1 998

Utility Utility Category
Installed Plant size
capaci ty" rangeb No. ofplants

Churchill Falls
Labrador Corp

Large-scale public
Hydroelectric

5,428,500 5,428,500

Small -scale public
Hydroelectric &
thermal-

Newfoundland &
Labrador
Hydroelectric Corp

Newfoundland Light & Small-scare private
Power CoLtd hydroelectric

1,579,020

%hydro: 60

89,955

560-628,000

560-12,750

11

%hydro: 55

21

Notes:
a/ Excl ude s Dear Lake Power Co Ltd., Iron Ore Co mpa ny of Ca nada, and Abitib i-Co nso lidate d
Inc.
b/ A ll applicab le ge ne rating technologies. lamcplate ratin gs in kilowatts
c/ Inclu ding six hyd ro plants, one stea m plant. and four inte rna l co mbustion pla nts
Source: Ne wfoundland and Labrador Hydro . and Statistics Canada (! 998b). Table 4

In cons idering the role of the private industry in developi ng new
ge ne rating capacity and associated infrastruct ure , it is worth notin g that the
entire elec tric ity ind us try in the Province is reg ula ted by the Board of
Commissioners of Public Utilities (PUB), with exception of the Churc hi ll
Fa lls generation, ex po rt sales, and the indu stry-owned genera tion. Th e PUB
se ts ra tes based on applica tions from utilities and ev ide nce present ed at publ ic
hearings regarding the required rate of return on capi ta l inves ted. It has been
recogn ized by Governmen t that while th is approach aims to contro l pri ces and
ut ility profits, it pro vides limi ted long-term incen tive for utilities to become
more efficient or to encourage conse rva tion (Departmen t of Na tura l
Resou rces, 2005).

3. TH E MODEL AND THE MEASURE OF EFFICIENCY

Co nside r an elec trici ty producti on process that ge nerates an obse rve d data
se t (Wiil, Xi iI, Qil) , forj =l ,...k and i=l ,...n , where "ViiI is the price of each of k
inputs denoted )'0il' The subsc ripts i and t denote the firm (utility ca tegory) and
observation respecti vely. Q il is a (scalar) measur e of output. Ass ume that the
objective of the ut ilities is to minimize cost subject to the dem and for
e lectricity and the production technology. It is well-known that if the data
sa tisfies the weak axiom of cost minimization (W ACM), which is a necessary
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and sufficient condition. there exists a production functi on that would
generate the obser ved cost minimi zin g deci sions (Diewert and Parkan, 1985).

In reality, exact optimizing behaviour is rarel y achieved, We therefore usc
a goodness -of-fit ' tes t' rather than a con ventional test to investigate the
charac ter istics of cost minimizing behaviour." An ass umption of nearly
optimizing behaviour form s the basis for the former test. and it is ju st as good
as one of exact optimizin g behaviour since one only needs to define a
reasonable de viation between the actual cost incurred Wi,Xi, and the minimal

costs g iven by the estimate of a cos t function C( H~ ,Q, ,T; fJ) implied by

some parametric production func tion Q= f t X, T;fJ) descr ibing the true

technology, where T is an index of the level of technology representing the
way in which feasible input combinations are affected by technolog ical
progress (multi -factor productivity), and fJ is a vector of parameters (Varian,
1990) . We construct an efficiency ind ex for each of the three utility categories
in the ve in of Afriat (19 72) and Varian (1990). If there is a violation of
WACM , the measure of depa rture from cost minimization by utility i is g iven
by the efficiency index

where Ei, is the percentage difference bet ween the cost of the ob ser ved
production pro cess, and the cost of any oth er pro ce ss. As such. it is a measure
of what the cost sav ings would ha ve been had the utility utilized inputs X,
(predicted) rath er than Xi (actual) with factor pri ces Wi' That is, Ei, is a
ca lculation of the extent to which a utility category ' s actual cost differs from
the minimizing level predicted by the model. If E; is small (say, five percent
as sugges ted by Varian) , the utility is said to be 5-p ercent efficient in its
production beh aviour and is a nearly cost-minimizing agent, II

To investigate the rel at ive productive efficiency of the utility categ ories,
and the category-specific characteristics of cost minimizin g behaviour suc h as
elasticities of input demand and substitution, factor-bias in technical change,
and scale economics require information about the predicted cost structure

10 Conve ntiona l tests are based on exact opt imizing beha viour in the sense that e ithe r the
test statistics calc ulated from the data pass the test or not. If not. the hypothesis is
rej ected . and the deviation between observed and op timum choices is ignored . The
reason is that alth ough the non-zero errors may provid e info rma tion about errors in
optimization. they may also capture various data problem s. Additiona lly, they
inc lude random clements unrelat ed to efficiency.

I I It should be clear that the efficiency measure is conditiona l on the assumption that the
true technology is of the particular param etr ic form specified by the cos t func tion.
See also Fox ( 1999) .
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and actua l costs inc urred. In specify ing the econo me tric model we ass ume that
the electric utilit y acts as a price-t ak er in all markets, att empting to satisfy the
ex pec ted gross output at the lowest cos t. 12 The prices and levels of output are
thus treated as exogenous va riables in the es tima tion of the unknown
param eter s. If the firm minimizes the cost wit h respect to all inputs on a
convex input structure there ex ists a tota l co st function, du a l to some arbi trary
production function, that relate s the minimum product ion cost to ou tp ut
quantity, inp ut prices, and the state of technology. 13 The tra nslog cost function
is a continuous, twice-differe ntiab le second-order approximation to such an
arbitrary co st function (Appendix A) . In terms of the tran s log, the act ua l co st
C, is related to the minimum co st C,* as follows

In C = In C' t II
11 11 If

whe re the error term ViI includes the cos t inefficiency as we ll as statistical
noise. Technical progress in utility category i is evalua ted as

O'ln c; .
- a = - Ca , T au In T t I a j, InWj i , t a,/, InQ,) (2)

.I

This specifica tion represent s the rate of technical progress (regress) by
positi ve (ne gative) va lues of the L.H. S, which in turn measures reductions in
cost over tim e in percentage terms (Kumbhakar , 1997.) Pure technical change
is refl ect ed by the at and an terms, and the sc ale augme nting technical ch ange
is embodied in the a'l t . Th e non-neutral technical cha nge is ca ptured by the
a j l terms." Specifically, the factor bias of technical change is manifested in

Ie Sec c.g.. Christensen and Greene ( 1976); Kurnbhakar ( 1997) ; and Hisnan ick and Kym n
( 1999) . The non-econometric evidence surveyed by De A lessi (1974a ) sugg ests that
pri vate and pub lic utilities behave different ly. (See also Teep les et aI.19 86) . Bu t
indications to the cont rary co me from extens ive testing of the Averch-Johnson
ove rca pitalization hypothesis, whi ch impli es that the inte rnal transfer price of ca pita l
to the generating plant is Icss than thc external cos t of cap ita l to the firm. Joskow and
No ll ( 1981) review the evide nce for the electric indu stry and do not find
unam biguous support for this hypoth esis. For a di fferen t view. sec Co urv ille ( 1974) .
C[ Spa nn (1974). and Murphy and Soyster ( 1983). Thc development of electric ity
establishments may includ e fea tures not procured at least cos t. causing a discrepancy
between financia l cost and truc eco nomic oppo rtunity cost.

13 Cost minimization doe s not req uire that the utilities know their demand curve . The
procedure is also inva riant to the deg ree of compe tition in the output market. We arc
conccmed with both investme nt and operating decisions: assuming that an
appropriate mix of base-load, cycling and peak- load capaci ty is install ed . and tha t
the equipmen t is operated to opt imize sys tem stab ility and rel iability. Thi s ensures
that the facilities themselves will have been built at minimum cost.

14 The (}11 rep resents the bias of techni cal change with respect to the j th factor since
(1.;I=aSjiIClIIT=i/ II1C/ ahl lVi i1all1T=a!hlC/ alll Tahl lVjil=(l.tj.
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the movement of cos t shares ove r time. Teehni eal change is 'bi ased ' if it alters
the equilibrium factor shares holding factor pri ees constant (i.c., ajl "* 0). The
technology exhibits 'factor-usin g ' bia s if ajt>O, and analogo usly ' factor
savi ng ' bias if ajl<O. It fo llows that if tech nical change involving the j th
fac tor is fac tor-using (saving), an increase (decrease) in \Vj will reduce
(increase) technical change . This impl ies that neutral technical change
increases the productivi ty with which all fac tors are used , whereas biased
technical change increases the ave rage productivity of some factor more than
others .

Nex t, since returns to sca le are defined by the shape of the average cos t
curve , a natural measure of the scale eco nomies is the reciprocal of the
elasticity of the cos t wi th respect to output. Using the dual cost function (A I)
adm its of any degree of re turn to scale in production, and we estima te the
returns to sca le as

RTS == 1- In C' l In 0.II 11_11

= 1- (ac, + a qq In Qit +I a .iq In Wjil + « ; In T)
.i

(3)

If the returns to sca le arc increasing (decreas ing) , the elasticity of cos ts
with respect to output is positive (negative). " Wh en returns to sca le are
constant , tota l cos t and output increase at the same rate , i.e ., RTS=O . The final
charac teristics of the cos t structure cons ide red are the Allcn-Uzawa parti al
elasticities of substitution, and the related input ow n- and cross price
elastici ties . The Allen-Uzawa partial elastici ties of subs titution (a j,) for ut ility
category i ca lculated from the cost structure following (Binswanger 1974) are

(f jkt = ( a jkt + S jlS kt ) I S jlSkl ' j :t k and

a jjl = (a .iii + SJ, - S jJ I S Jt '
(4)

(5)

If a jk> 0 (a jk< O) forj "* k, then the inputs j and k are subs titutes

(co mplements) in product ion. If the cos t fun cti on is Co bb-Doug las, then

(!.jk=O=(!.ic, in eqn (A2). Thi s imp lies in tum that a jk = I . The related input ow n

and cross price elasticities are then immediate

'1 jkt = (J jkt S jt ; j :t k , and

15 When RTS>O « 0), conventiona l meas ures of total fac tor pro ductiv ity growth
overestimat e (underestimate) the effects of technica l change.
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Intuitively, the percentage change in variable input } caused by a
percentage change in the kth input price is equal to the technical substitution
possibility between inputs} and k weighted by the kth variable input's share in
cost. The partial substitution elasticities arc symmetric by Young's theorem,
unlike the input price elasticities (E:jk i- E:kJ To test for statistical significance
we hold the cost shares Si; constant at their means over the sample period and
obtain the asymptotic variance s of thc elasticities of substitution (Pindyck
1979).16

4. DATA ISSUES AND ESTIMATION PROC EDURE

For each of the three utility aggregations in our sample, the model
comprises a set of share equations derived from a translog cost function. Each
of these three models are estimated separately. The share equations give the
shares of the inputs in the value of output and the rate of technical change as
functions of relative prices and time. The models are estimated on annual time
series data for the period 1963-98. The data come from Statistics Canada
(1998a-d), Newfoundland Statistics Agency (1994) , the annual reports of
CF(L) Co, and the annual reports and other corpora te sources within NLH.
The small-scale private utility data that we use span the period 1963-97. Some
private industry data dates to 1956. But inconsistencies between sources and
other reportin g problems, partly due to the amalgamation of these utilities in
1966 render these early data incomplete and unreliable for the present
purpose. The small-scale and large-scale public utility data cover the periods
1968-98, and 1972-98 respectively. Although significant investment in what
were to become the large-scale public plant (CF(L) Co) had taken place prior
to 1967, commercial public utility generation did not begin until that time."

The data consist of annual observations by utility category on output and
up to four input aggregates; labour , capital, fuel and materials, depending on
the technology mix specific to the utility category. The generation technology
(i.e., input-m ix) differs between our utility categories, and within, in the case
of small-scale public utilities. The responsibility for transmission and
distribution rests primarily with the public utilities. Unfortunately, data
segmented by function were unavailable for any of the electric utilities,
although the industry as a whole is regulated. While plant-specific (or
technology-specific) data on factor usage exist for public and private utilit ies

16 As noted by a referee, since the relevant shares are the pred icted shares, using the ac tua l
shares and treat ing them as constants can be expected to understate the associa ted
standar d errors.

17 For the historical aspec ts, see Zuker and Jenkins ( 1984) ; Baker ( 1990) and ( 1994).
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alike, they arc unavail able for the present purpose. Acc ording to an NLH
source, accounting and record kee ping pract ices have result ed in a certa in
' pooling ' of the data made available by NLH for thi s study. However,
co nfident iality concerns and changes in accounting practices over time limit
bo th avai labi lity and comparab ility of relevant his torica l data . Similar
circumstances apply to the priva te uti lities. The upshot is that the aggregated
annual time-seri es used in this study were the best data ava ilable (cf. Griffin,
1977 ; Daly and Rao,1985).

The data on labour measures the num ber of emp loyees in full-time
eq uiva lents. To tal employee expenses were divided by the tota l num ber
employed in order to obtain an implicit price index of labour services in eac h
of the three uti lity ca tegories . To resolve the di fficult y of determining the
price of capita l when equipment is not rented , we usc variations of the ' net
asset approach ' employed by Da ly and Rao (19 85) and oth ers. The capital
stock is defined as the sum of total asse ts minus current liab ilities. For the
pri ce of ca pita l services, an oppo rtunity cos t of capita l was calc ulated by
dividing interest paym ent s plus depreciation by net assets. This approach has
the advantage of allowing category-specific changes in the ca pital stock to be
reflected through the depreciation rate. The opportunity cost of capita l is
mea sur ed as interest payments plus depreciation in do llar terms and in
percent age terms for 'sma ll privat e ' and ' large public ' uti lities respecti vely as
a result of variations in data rep orting practi ces. Al terna tive approaches to
measuring the cos t of capi tal were co nsidered " but abando ned in favo ur of
the net asset approach, which allows full usc of ava ilable da ta in construc ting
measures that arc cons istent across utility aggregations. Th e fue l input is an
aggrega te of four types of diesel o il. An index of fue l outlay was computed
using the ave rage price of the fuel grades used. The Divisia index was used as
an agg rega tion procedure . The pri ces used we re the implicit prices, i.c., the
average cos t per uni t ob tained by dividin g total expenditure on a part icu lar
fue l grade by total quantity consumed. Intermediate non -fue l material inp uts
represent operation, ad minis tra tio n and maintenance expenses. Fo llowing
Diewert and Nakamura ( 1999) and others, we use the implic it GNE defl ator to
obtain a unit measure of ' materia ls .' Output, fina lly, is mea sured in ki low att
hours of net ge neration by elec tr ic ut ilities co nnec ted to the provinci al power
grid. The mean s of the cost shares by utili ty catego ry and input ca tegory arc
shown in Table 4.

IS For alterna tive approaches. sec Atkinso n and Halvorsen (1980) and (1984) . To estima te
a restric ted cost funct ion (with cap ita l he ld fixed) wou ld be inappropriate here given
the signifi cant periodic investments .
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Table 4. Cost shares" by utility category

Category/Share SK SL Sr.1 SF

Small-scale private 0.493 0.352 0.156
(0.063) (0.052) (0.067)

Small-scale public 0.579 0.129 0.168
(0.096) (0.048) (0.111)

Large-scale public 0.782 0.119 0.099
(0.064) (0.036) (0.035)

Notes:
al The shares ofcap ital/K) . labourtl.) . materialstM) , andfueltF) respectively are
measured at the mean ofthe data. Standard deviations in parenthesis.

We follow the usual ad hoc practice (sec e.g. Binswanger 1974), and
assume an additive random error structure that satisfies Zellner's seemingly
unrelated regression (SUR) model." It is expected that the model will have
auto-correlated disturbances since the rate of technical change is not directly
observab le. Some of the preliminary estimations yie lded non-zero off
diagonal elements of the variance-cova riance matrix of disturbance terms.
However, attempts to correct for autocorre lation by transforming the data
using a first-order autoregressi ve process in which rho was estimated with the
other parameters in each of the three utility catego ries rendered values of rho
not statistica lly different from zero. All estimations were therefore done on
the original data. Chow (1960) tests indica ted some evidence of structura l
breaks in the data at the .05 level for all utility categories. Attempts to correc t
for this problem failed on account of the small number of observations in each
data set. We recognize that this can be expected to bias in either direction the
efficiency measures used in this study.

19 With the cos t function homo geneous o f degree one in input pri ces the cos t shares are
homogeneous of degree zero and sum to unit y. The error term s of the share
equations thus sum to zero. rend ering the varianc e-covariance mat rix singu lar. The
equations are therefore not independent. One arbitrarily cho sen share equation must
be dropped befo re the SUR pro cedure can be iterated to co nvergence (Berndt and
Sav in,1975). The para meters of the deleted equation(s ) can be es timated residually
by invoking the ass umptions of homogeneity and sy mmetry. When the convergence
criteria (Dryhmes 1971) are satisfi ed the values of the resu lting estimat es are
asy mptotically equiva lent to maxim um likelihood estimates. It should be noted that
the es timates based on the share equations a lone do not yield all the parameters of
the cost function. The efficiency of the estimation may there fore improve were the
cos t function estima ted j ointl y with the share equations. Un fortunate ly, insufficient
degrees of freedom preclude this in our case .
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5. RESULT S

Since there is no reason to assume a priori that the und erl ying production
technology in any utility category is hom oth etic and hom ogeneous, several
statistica l tests we re perfo rmed to se lect the model that best represent s the
structure of produ cti on of electrica l utilities in eac h ca tegory . Jud ging by the
RC and the asy mptotic t-values for the parameters, the fit of the thre e model s
(one for each owner ship/size cat egory) vary but arc genera lly acceptable. The
category-specific estimates of cost efficiency, technical change, input
demand- and substitution elasticities , and returns to sca le are reported belo w.
Th e key parameters arc statistica lly significa nt and have the expected signs
except in the cases ind ica ted below.

Homotheticity and Hom ogeneity

'liVe test fir st whether the cost structure is homothetie tran slog since this
bear s on the inclusion of the output va riable in the share equations
(Takayama , 1985: 149). Th e estima tion result s for the unconstrain ed models
(Ta ble B I) show that for small pri vate ut iliti es 80 percent of the par am eter
es timates arc significa nt at the con venti on al levels . Th is rate fall s to 47
percent and 45 perc ent respectively, for large and small public ut ilities. In all
three utility categories mo st of the a jQ terms arc significant at least at the .1
level. On the basis of these results, the null hypothesis of an underlyin g
homotheti c technolo gy is rej ected for all categories.

Technical Change and Factor Bias

All utilities except the large public show technological progress over the
sample period (Table 5) . Th e large public utilities were built to the currently
installed capac ity in the mid 1960s, and they continue to operate with the
hydroelectric equipme nt install ed at the time. Turning to the con stituent
compone nts of technological progress, we rej ect Hick s neutrality for all
utilities except for the small public utilities, wh ich interestingly show negative
pure technical change . Th e second test aims at checking wheth er the
technological change exhibits any factor-bias (i .e. , whether G.i l i 0). The effect
of the es timated bia s of technical change is indicated by the sign of the G.i l

terms, Th e parameter s ca n be interpreted as changes in the va lue sha res of
eac h util ity category w ith respect to tim e, holding prices constant. T his
component can be attributed to changes in technology rath er than to
substitutions among inputs. Onl y small pri vate utilities exhibit non-neutral
technical change. The factor bia s (Table 5) appears to be in broad agreement
with the pattern of cost shares for the thr ee utility categ ories calculated on the
raw data (Ta ble 4) , as well as with result s reported for elec tric utilities
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elsew here in the literature." The scale augmenting tec hnica l change is zero
for the large public ut ility only. Thi s is as expected since the size of that
faci lity has not changed .

Table 5. Technica l cha nge" by utility category

Small-scale private Small-scalepublic Large-scale public

Technical change progress progress zero
asthe sum of:

Pure zero negative zero
Non-neutral posifive'' zero zero
Scale augmenting positive positive zero

Noles:
al estimated at mean of the data. +1- values significant at 0.05 level
bl the factor bias is capital- and labour- saving. and material-using

Elasticities ofSubst itution

Unitary substitution elas tic ity is rejected for all utilities. The es timated
substitution elasticities (Table 6) indicate pair-wise substitution possibilities
between all inputs, affecting in turn the distribution of the value of the output
among the input s. The Al len-U zawa elasticit ies of substitution show that K
and L are substitutes in a ll three ca teg ories. K and M are co mp leme nts in
large pub lic utilities , but substitutes elsewhere. Land M are subs titutes in all
public utilities, but complements elsewhere , For small pub lic ut ilities F and K
are complements, as are F and L, wh ereas F and M are substitutes .

ro Var iation s in the patt ern of factor bias in the literature stem. in part, from the number of
input s cons ide red. Gollop and Robert s (1981) report K-neutraL L-saving, and F
using bias: Go llop and Robert s ( 1983) and Stevenson ( 1980) report F-us ing . and L
and K-saving bias: Ne lson ( 1986) report estimates for three time periods: first. K
saving. and F-using bia s: sec ond. F-using; and third, L and K-using, and F-sav ing
bias: Jorgensen and Fraumeni (19 83) repo rt K. M and L-saving , and F-using bias;
Daly and Rao (19 85) report K and Lsaving, and F and M-using bias . We merheim
and Nadarajah (199 8) report K and M-using bias for pr ivate utilities. Hisnanick and
Kym n (1999) report F-using and K-ncutr al bias. and techn ical progress for priv ate
utiliti es.
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Table 6. Estimated Allcn-Uzawa elasticities of substitution" by utilit y
category

Parameter

a l l

OKK

OFF

OMM

Ol K

Ol F

OKF

OKM

OFM

small-scale private

Estimate

-0.04'
(0.1947)

-1.1 269
(0.2574)

25.783'
(93.239)

1.11 47
(0.0215)

-4.5667*
(4.3456)

0.7408*
(0.2)

small-scale public

Estimate

-3.1072t

(1 .5424)

-0.6402+
(0.2606)

24.229'
(61.198)

-22.342
(18.622)

0.6812+
(0.1755)

-3.7852+
(4.8187)

2.6097*
(1.0724)

-0.1588
(1 .1363)

1.7656
(0.4808)

2.0686
(1.765)

large-scale public

Estimate

-3.6115+
(1 .3193)

-0.0156'
(0.0598)

11.723+
(30 .044)

0.4358'
(0.1964)

1.1901
(0.1816)

-0.7548+
(0.883)

NOles:
a/ Estimated at mean of data . Stand ard deviations in parenthesis.
* significa nt at the .0 1 level
+ significant at the .05 level
t s i~n i fi can t at the .1 level

Elasticities ofInput Demand

The curvature res trictions imposed by cost-minimi zing behaviour require
that the Slutsky matrix of compensated price derivatives (second-order
der ivatives of the cost function) be negative semi-definite. It follows that a
necessary (but not sufficient) condition for co st-mi nimization is that the
diagona l terms (Ta ble 7) be negat ive. That is, all (co mpe nsated) ow n-price
elastic ities Di i must be negative. The fac tor dem and struc tures for the three
categories all have Di i terms with the expected sig n except mater ials for sma ll
private and large public utili tie s. and fue l for small pub lic util ities. The
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finding for fuel ean be explained in large measure by the laek of substitution
possibil ities in the face of volatile crude oil prices over the sample period. It
may also be related to the fuel procurement practices of some electric utilities.
Very substantial inventori es of fuel relative to quantiti es annually used are
often maintained. These tie up financial resources in fuels and inventory
maintenance. Weak incenti ves for least-cost procurement have also been
linked to automatic adj ustment clauses although the evidence appears mixed
(Joskow and Schrna lcnsec, 1983; and Zucker and Jenkins,1984:17).

The r:K K term in small private utilities has the expected sign but is not
significantly different from zero. If our models are in fact correctly specified,
then a plausible explanation is the (implicit) assumption of negligible
differences between ex-ante expected and ex-post realized prices of capital.
But if expectations are not rea lized regarding the purchase and disposa l prices
of non-adjustable inputs, future interest rates. tax rates and depreciation rates,
the ex-ante user cost can differ significantly from the ex-post user cost
observed from accounting data (see Diewcrt (1991) and the references cited
therein). It is thus possible that our capital cost measures do not reflect the
real cost of capital employed.

Another explanation centres on a short-run/long-run distinction involving a
variable that is not in our model, installed capacity. The cost of installing new
generating capacity is primarily an irreversible capital cost: the cost is sunk
once the capacity is installed. If one therefore concludes that the short run
marginal cost is zero, then a sunk cost argument requires that all generating
(and in our case transmission/distribution) capacity be util ized once installed.
In reality this is not the case . Although the price of capital is sensitive to
wasteful duplication of faciliti es, investment in capacity is essentially a
function of expected future demand for electricity. Given the extreme
lumpiness of investment in capacity in all industries in our sample, and given
the aggregate nature of our data, capacity usage may be a better means of
capturing this capital aspect. After all, furt her capital expenditure will depend
more on the size of installed capacity and less on its price, whereas capacity
usage depends on current demand. Interestingly, Daly and Rao (1985) found
that their empirica l results were not materially affected when capacity
utilization was omitted from their cost function."

~ I A strong indication that our results would be similarly unaffected is that the proportion
of electricity purchased in total operating expenses for small public and private
utilities remained stable over the study period at about two percent and 65 percent
respectively. No electricity was purchased by the large public utility in the sample
period. However. the omission of installed capacity and/or capacity utilization
constitutes a potential estimation problem that bears further testing using more data.
and more detailed modelling of the investment process than available data permit us
to employ.
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Table 7. Estimated own- and cross-price elasticities of input demand"
by utility category

Utility
cate 0 Input: Labour Capital Fuel Material

small-scale
Labour -0.0219' 0.5362 -0.5143'

private (0.0512) (0.0639) (0.0918)

Capital
0.4016 -0.5273 0 . 1 256~

(0.0524) (0.0628) (0.0691)

Fuel

Material
-1.6913 0.35 1 7~ 1.3394'
(1.8128) (0.0995) (1.1897)

small-scale
Labour

-0.4264t 0.40 13~ -0 .2501 ~ 0.2752
public (0.1861) (0.1439) (0.242) (0.151 3)

Capital
0 .0954~ -0 .3466~ 0.0625' 0.1887
(0.0502) (0.0836) (0.0981) (0.0899)

Fuel
-0.44 1 ~ -0.1729' 0.4015' 0.2124
(0.6521) (0.795) (1.3502) (0.1284)

large-scale Labour -0.44 42~ 0.3309' 0.1133
public (0.1586) (0.1463) (0.0316)

Capital
0.0579' -0.00852' -0 .0494~

(0.032) (0.0479) (0.025)

Fuel

Material
0.4949~

0.8061
NOles:

at Estimated at mean of data. Standard deviation in parentheses.
* signi ficant at the .0I level
~ si; nificant at the .05 level
t significant at the .1 level

Returns to Scale

Calculating the return s to sca le from (3) assuming an industrial structure of
natural monopoly reveals some interesting differences across utility
categor ies. Amongst small utilities, those privately owned indicate increas ing
return s, while public utilit ies appear to exhibit decreasing return s on average
over the sample period (Figure I). But the evidence suggests marked scale
economics for the small publi c uti lities in recent years, and in the early years
immediately following the inception of the publ ic utilities in the province.
Large public utilities, on the other hand, exhibit increasing returns to sca le on
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average over the sample period." These results arc in agreement with those of
Koh et al. (1996). Testing for statistical significance, we fail to rej ect the null
hypothesis of increasing retUI11S to scale for large publ ic utilities and small
private uti lities at the 0.0 I level of significance. For small public utilities, we
accept the alternative hypothesis at the same level of significance of constant
returns to scale.

These results arc consistent with the two existing Canadian studies of
which we are aware. The first is by Daly and Rao (1985) who report scale
economies for Ontario Hydro, a public utility." In the second study for
Newfoundland, Wcrncrheim and Nadarajah (1998) find scale economies for
private utilities, but diseconomies of scale for the aggrega te electric utility
. d 14111 ustry .:

By our maintained hypothesis of uti lities operating on the declining
portion of their respect ive average cost curves, we have no reason a priori for
expecting differences between utility categories in the extent to which capital
embody exploitation of scale economies. An interpretat ion of our results on
scale economies consistent with the apparent factor-bias differences reported
above is that the scale estimates reflect different patterns of Iearning how best
to exploit scale economies. Rose and Joskow (1990), for example, show that
large firms and investor-owned utilities arc likely to adopt new technology
earlier than their publ ic sector counterparts.

22 These esti mates arc somew hat higher than most electric utility sca le esti mates reported
in the literature. For exa mple. Ne lson (1990b) estima tes the elast icity of sca le with
respect to output £ ('Q at .943 1; His nanick and Kymn ( 1999) report a va lue of . 164;
Go llop and Robert s ( 198 1) repor t a range: .68-.9; as do Nelson and Wohar ( 1983) :
.9274-.9672; and Neub erg ( 1977) : .9539-.9878 . Joskow (1987) reports scale
eco nomies in generation; Christensen and Greene ( 1976) find that most util ities in
their sample exhibit sca le eco nomics, but the larger firms supplying most of the
output show only minimal sca le eco nomies. Although mos t studies find sca le
eco nomies at the plant level. it is not clear how important they arc. at what level they
arc exhausted, or how they derive from uni t- or multi-uni t economics (Joskow and
Schma lensee 1983) . Tra nsmission capabi lities transform scale economies at the plant
level into eco nomics at the sys tem-level. but in almost all cases, data limi tations
make it impossible to distinguish empirica lly estimates of sca le eco nomics at the
generation-level from sys tem-level eco nomics.

23 The size of the power plan ts in their sample is large by our definiti on. It should be noted
that in highly trend ed time series the elasticity of scale and the rate of techni cal
change are generally correlated, and the latter . therefore is diffi cult to identi fy
unambiguously (Fuss and Waverman, 198 1). Conseq uently. our estimates of the
retums to sca le may be biased downwards and upwards respectively. This bias as ide.
we recognize that est imating retu ms to scale from time se ries data is not entirely
satisfactorv for obvious reasons.

2~ The aut hors fail to report separate estimates for the public utilit ies for lack of adequate
data .
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Figure l. lnt ert emporal Return s to sca le by indu str y ca tegory . 1963-98
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Thi s might affect the tim e lag before technical change produced economics of
scale, or the ex tent to which investment in (small) pub licly-own ed plants that
are sma ller than minimum efficient size wou ld continue . Regarding the large
publicly-owned plant in Newfoundland, it is conceivable that legal constra ints
on the expo rt of electrici ty referred to above combine with a local market for
elec tricity that is simply not large enough to fu lly exploit existing sca le
eco no mics in the electricity indu stry.

Another explanation for the differences between ut ility categories observed
here is suggested by the work of Kwoka (1996) . Usin g a nov el approach to
attribute costs to generation versus transmi ssion, Kwo ka argues that
eco no mic s of sca le tend to appear hor izontall y at the distr ibuti on and
transm ission levels but not at the generation level. The fac t that electricity
transm ission and dis tribution costs are born e primaril y by pu bl ic ut ilities in
Newfoundland may explain why this category is also rea lizing the stronges t
sca le eco nomics .

Efficiency Score

Th e efficiency inde x ( I) track ing the effi ciency score by utility category
over the sample period (F igure 2) sugges ts that the per form ance of large-scale
public utiliti es ran ks fir st, in absolute and relative term s, in the integrated
sys tem activities of generation, transmi ssion and distribution . Sma ll-sca le
public utili ties rank second. Sma ll-sca le private utilities appea r relati vely less
efficient than their publicly-owned counterp arts. Sma ll-scale private uti lities
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rank third also in terms of the variability of their performance. The effic iency
scores for the large- sca le public category show a remarkabl e 0.2 perc ent
mean divergenc e from cost minimizat ion over the sample period. The mean
cos t divergence for small-sca le publi c and small-scale private utilities is also
surprisingly low: 1.3 percent and 2.4 percen t respective ly. Apart from a
period in the late 70s and ear ly 80s, the small-scale utilities performed we ll
within the 5-perce nt limit suggested by Var ian ( 1990) as an appropr iate cut
off point. Moreover, there is an indic ati on of increasing effic iency
improve ments ove r time, and a converge nce across utility catego ries.

Figure 2. Intertemporal efficiency scores by industry category , 1963-98
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We caution that these results shou ld be viewed in relation to the R2 statistics
(Table B I) since the effic iency scores depend on the accuracy of the pred icted
cos t shares. That said, these efficiency result s are a possible manifestat ion of
what Teeples et al. ( 1986) call the ' A lchian-C larkson theory of public-private
performance stating that public managers, on ave rage, may be more
constra ined than pri vate mana gers in makin g decisions about input choice and
the distribution of the ben efit s of production. But mean levels of performance
may be irre leva nt as pointed out by Teeples et al.: the var iability wi thin eac h
fonn of ow nership may be the key be hav ioura l difference.

CONCLUSIONS

Using separa te data for small-sc a le publi c, large-scale publi c, and sma ll
sca le private e lectric utiliti es in Newfoundland and Labrador this paper see ks
to test the hypothesis that private (investor-ow ned) utilities are more effic ient
than the ir public sec tor counterparts , and that the sca le of the operation



Wernerheim 87

matt er s. Using a goo dness -or- fit test rath er than a co nve ntiona l statistica l test,
we do not find support for this hypothesis. In reference to the production
effi c iency bench-marks report ed for other indu stries in the literature, the three
ut il ity categ ories in our sample all ap pea r to be operating at very high levels
of efficiency . In terms of the re lative efficiency pe rformance, the large-scale
public utilities ran k ahead of the sma ll-scale public utilit ies, foll owed in tum
by the sma ll-scale pr ivate utilit ies. Ind ications of economies of scale are
found for large public and small pri vate utilities ove r the sample peri od ,
whe reas the sma ll publi c utilities see m to ex hibit constant returns to sca le
(co ns istent with cos t minim ization in long run competiti ve equi librium) on
averag e ove r the sample period. Th e problematic methodological and data
issues disc ussed abo ve notwithstanding, we find that size (scale) and
ownership do not see m to be cr itica l determinants of eco nomic effic iency for
elec tric utilities in Newfoundland during the period 1963-1968. Whilst thi s
ma y strike one as surprising, severa l plausible reasons may be advanced.

Th e first turns on differences in ind irect or largely hidd en subsidization of
key input s between utility catego ries . For exa mple, the debt of public elec tr ic
ut ilit ies is guaranteed by the provincial government, reduc ing the risk to
lenders and lowering the cos t of capital. In some cases the capi ta l costs of
publ ic utilities may have been long forgo tten. Moreover, public utilities are
not required to earn an (aft er-tax) return on equity comparable to that in
pri vate utiliti es. Thi s further redu ces the cos t of capital. Sinc e public utilities
are not required to pay federa l income tax, and generally do not pay
prov inc ial incom e tax25

, the before-tax rate of return co uld be lower still.
Th ese factors may comb ine to increase the capita l-intens ity beyond wha t is
requi red for economic effic iency . Lower rates can be charge d to users, which
in turn increase demand and thu s possibl y also the size of the public util ity."
These aspects beg the que stion wh y a mature, well-capit alized industry such
as the e lectric ity indu stry should receive subsidies such as governme nt
liabil ity insura nce in the first place. This issue is broadly co ns istent with the
reason s for inefficiencies in terms of cos t recovery in the sma ll-scale public
catego ry noted in previou s studie s. Althoug h this utility category is efficient
in our sense , thi s may help explain why thi s category neverth eless had a lower
effic iency score than the publi c large- scal e utilities. Thi s would a lso be
consistent with private utilities (a lso subject to regul ation and simi lar cos t
rec overy) ranking third in tcnns of relat ive effic iency.

~ 5 In Newfo undland and Lab rador the large public utiliti es pays no tax. The small public
utiliti es have paid pro vincial and some muni cipal tax only since 1993. wherea s the
sma ll priva te utiliti es have done so ove r the entire study per iod.

~6 It has been arg ued that standard cost comparison studies therefore cannot show ' true '
public-pri va te efficiency differences. For a strong defen se. see Teeples et al. (1986).
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Second, the geographic mo nopoly of most electric ut ilities tends to
preclude direct competition in the product market. Generally speaking, wh ere
substanti al sca le economies, high entry barrier s or ext ern aliti es are present ,
public ownership ma y be preferred . In our ca se thi s argument gains more
forc e when reversed: the larg e public utility is arguably enjoying its superio r
relative pe rformanc e less on account of its owner ship structure. and more on
account of func tions tha t emphasize generation over tran smission and
di stribut ion (i.e ., its export or ientat ion, and favo ura ble geographical locati on ).

Third , as in the present study, the est imated characteri stic s of pro duction
and efficiency may differ by scale for the same ownership category . Uti lit ies
with lower transmission/di stribution co sts may thu s appear more efficient than
the y are in fact. However, the circumstance that the private utility in our
sample has low er tran smi ssion /distribution costs than its public sector
counterpart does not appear to render the former more productivel y efficient.
We venture that this is re lated to the very substantial proportion of electricit y
purchased by the private utility from the public utility. Th e purchase price
presumab ly inc ludes a charge for transmission.

Fourth, our res ults reflect the ' average' perform an ce of the firms or pla nts
that make up eac h util ity ca tegory. There is no reason to expect a priori tha t
all firm s within eac h category perform at the same level of efficiency . Thi s
may result in an indeterminate bias of the results upwards or downwards .

Fifth, some of the differences in relative performance can be trac ed to
limitations in the data typically used in the analysis of electric utilities. One
such problem that we face is that between the form of ownership and the
accounting conventions used, it is generally not po ssib le to identify separately
the cost attributable to the various interconnected function s of generation.
tran smission and dis trib utio n (Se th 1984: 179; and Lee 1995).27MO~'eover, the
same corporate enti ty (w het her private or publ ic) often produces elec tr icit y
using different configurations of mu ltiple tec hno logies (hydro, nuc lear,
thermal , wind, gas turbines.) The tec hno log y- specific data pertaining to
gen erating capacity and output level can be identified, but the ass ociated input
data generally cannot. Failure to control for the factors that bear on the
efficiency -scale-ownership nexu s, ev en within a given ut ility catego ry ,
(tec hnology mix , output level, installed capacity, and the regulatory
en vironment) may produce resul ts that it would be misleading to att ribute to
ownership a lone. Finally , the common caveat applies : structural breaks in the
data, possi ble measurement erro rs in the var iab les , any om itted variables, and
effects not contro lled for may have po lluted the estimates to a deg ree that is
impossibl e to specify.

27 Cf Kwoka (1996); Gunn and Sharp (1999) ; and Salvanes and Tjotta (1995) ,
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In the final analysis, the apparent superior relative performance of pub lic ly
ow ned systems rou nd in thi s stud y might lie in the abi lity of reg ulato rs to
mo nitor clo sely manageria l operations, thus pro viding the regulator wit h
reli able information on the utility ' s ope rating cos t and investment
requirem ent s. Th e effect may be to offset or mask some of the aspects of
economic inefficie ncy referred to above. Consequently, subject to the caveat s
noted. we do not find compelling support for public ownership of ele ctric
ut ilities. The reason , and most important concl usion or this anal ys is, is that
data problem s are the mo st likely source of the discrepancy be tween the
efficiency findin gs reported in the literature on electric utiliti es. Thi s s ignals
that grea t caution should be used before drawin g polic y conclus ions regarding
the ' best' ownership struc ture. It would be an omiss ion not to emphas ize thi s
point.

APPENDIX A

Th e translog cost function can be written

In Ci: = ao+LO J In Wji, + aq In Qi' + a,T
j

+I -, InWjit InQil +I aj, InWjil T + «; InQilT
j j

where

= 1, LaJ"k =
} .

o'If k, L jajq = 0, and La j , = 0
} . (A I)

are the necessary and suffic ient conditions ensur ing that C;/*0 is homogenou s
of degree one in input prices." Th e tim e va riable denoted T captures any

1S For the cost function to be dua l to a well-be haved product ion function the second-order
coe fficients of the Hessian of the cost function must a lso be sy mme trica l (i.c.,
Uj k=Ukj) . Thi s reduces the number of coeffic ients to be estimated as they impl y the
restr ictions set out abov e.
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Hicks-neutral techn ical change. The othe r va ria bles arc as de fined abo ve.
Symmetry requires that a jk = a kj '

It is we ll-k now n that the flex ible func tiona l form avoids a priori param eter
restri ct ion s that may bia s coefficient es timates affec ting factor substitution,
hom ogeneit y, hom oth eti cit y, and technical change. We impose and test the
standard linear parameter restriction s in turn :

Homothetieity : a j 'l = °
Homogeneit y : a j 'l = 0, a 'l 'l = °
Hick' s neutrality: a , = a ll = °
No techn ological change: a j t = 0, a 'l t = 0, a t = a ll = °for allj. q. and

Unitary substitution elas tic ity: a jk = 0, a j 'l = °
For the cost function to be well-behaved for a ll input pr ice co mbinatio ns it

must be both mo notonic and conca ve" in the input pr ices. That is, an inc rease
in an input price must lead to increased total co st, and the predicted cost
shares must be non-negat ive at eac h data point. By Sheppard's lemma
(Diewert 1971), the corre spo nding cos t share equations arc

S iil = «, +I a j k In Wki1 + a j q In Q il + a jl T
k

(A2)

where Siil -

O'lnCi~

O'ln T1!iil
=

rVii1X j il

c:
11

LSii
j

is the cost share, and wh ere :K; is the cos t-minimiz ing derived demand for the
jth input obtained by di fferenti atin g C*i/ with respect to the price of the j th
input. The term a.;k is the response of the share of j th input to a proportional
change in the pr ice of the kth input. Consequently, if aSjillcln Wki/=a.;k>O
(a.ik<0). then ith cos t share increases (decreases) wi th an increase in the pri ce
of the j th fac tor. No te that the share equat ions (A2) allow both non
hom othet icity and non-neut ral technical change .

29 Though not globa lly conca ve. this cost function is concave at the point of appro ximation
if the Hessian matr ix [o2C/oWjoWd is negative sem i-de fi nite: or altematively, if the
matrix of Allen-Uzawa part ial elas tici ties of substitution (Ta ble 6) is negative semi
defi nite.
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APPENDIX B

Table B1. Parameter estimates by utility category'

Parameter small-scale SE small-scale SE large-scale SE

private public public

° l 101.45' 21 .77 -23.012 44.97 -10.965 15.1

OK 70.933' 13.62 -60.034~ 49.87 -23.54 24.85

OF -7.1773 58.53

OM -171 .38" 16.81 91.224 87.1 4 35.505 29.54

°T -27,405 11 6,600 2,013,200.0' 1,01 2,000 -322,170.0' 17,754

0 0 1,804.4 1,677 10 ,691 .0~ 4,416 442 .68 ~ 203.46

On 3,942.1 151 00 -263,050.0' 132,900 42,485.0' 2,208

° 0 0 -2.2206 3.248 13.591 ' 3.866 0.107 0.152

0 QT -233.1 3 216.2 -1,425.5~ 585.8 -58.386~ 26.752

a l l 0.217' 0.049 0.047t 0.035 0.045~ 0.024

° Kl 0.019 0.015 -0 .0 19~ 0.01 -0.047' 0.017

° I F -0 .045~ 0.01 9

° l M -0.237' 0.044 0.016 0.044 0.001 0.03

° KK -0.004 0.014 0 .042~ 0.018 0.162' 0.034

° KF -0.0593* 0.0164

° KM -0 .01 5~ 0.008 0.036 0.028 -0 . 1 15~ 0.042

OFF 0.0973' 0.0343

° MF 0.0069 0.0486

OMM 0.252' 0.043 -0.059 0.089 0.1W 0.061

I
Cont'd
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Parameter small-scale SE small-scale SE large-scale SE

private public public

° KQ 0.047 0.038 -0.10T 0.052 0.026t 0.01 2

O FQ 0.0872t 0.0576

° MQ 0.04t 0.024 0.079 0.082 -0.023t 0.015

all -13.142' 2.807 3.095 5.945 1.425 2

° KT -9.365' 1.742 8.063 6.61 9 3.306 3.291

OFT 0.919 7.776

° MT 22.507' 2.178 -12.079 11.59 -4.732 3.913

2 0.71 0.62 0.93R capital

R
2

labour 0.47 0.64 0.94

R
2
materials 0.93 0.2 0.63

R 2ruel 0.79

No tes:
1/ Asymptotic standard errors (SE). The sample sizes are, respectively. N=35. N=31. and N=27
* significant at the .0 I level
t significant at the .05 level
t significant at the .1 level
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