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0 0 Résumé 
C) 

Hydro-Québec a mis sur pied des programmes d'économies d'énergie qui sont partie 

intégrante de son plan de développement 1993. La société d'État p~voit investir 1.9 

milliard de dollars (de 1992) entre 1992 et 2000 et 2.0 milliards de dollars entre 2001 et 

2010 à cet effet. L'entreprise escompte ainsi une diminution de la demande de l'ordre 

de 9.3 TWh en 2000, soit 5.4% de la demande p~vue sans ces programmes et de 18.0 

TWh en 2010, soit 9.1% de la demande autrement p~vue. Hydro-Québcc se propose de 

substituer les investissements en économies d 'énergie à des investissements dans des 

projets hydro-électriques. Dans cet article, nous effectuons une analyse coOts/bénéfices 

de ces programmes en tenant compte des critères financiers particuliers sous-jacents aux 

tarifs d'électricité payés par les consommateurs. 

En résumé, les programmes d'économies d'énergie d'Hydro-Québcc devraient générer des 

bénéfices en valeur présente de l'.ordre de 2078 à 4479 millions de dollars, scion les 

hypothèses d'économies effectivement ~alisées. Sur une base annuelle, les gains varient 

entre 179.3 et 386.5 millions. La plupart des bénéfices sont réalisés par les clients alors 

que le producteur ~alise des gains marginaux . Le gouvernement, quant à lui, sort perdant 

dans cette histoire. 

Summary 

Hydro-Québcc, which is a large govemment-owncd electric utility serving the Province 

of Québec, launched several energy savings programs as part of its 1992 development 

plan . It intends to spcnd 1.9 billion $ from 1992 to 2000 and 2.0 billions$ from 2001 

to 2010 on this endeavour and lt expccts electricity demand to be reduccd by 9.J TWh 

in the ycar 2000 or 5.4% of the demand which would othcrwisc be prcdictcd and by 18.0 

lWh in the year 2010 or 9.1 %. The utllity proposes to substitutc lnvestmcnt in energy 

savings for investrnent in new hydro-electric power projects. ln this papcr wc pcrform 

a cost-benefit analysis of Hydro-Québec energy savings programs while taking into 

nccount the pnrticular financlal crit.eria undcrlylng electricity rate~ paid by the consumer5. 

We find that Hydro-Québcc energy savings programs should lead to prescnt value benefits 

ranging from 2078 to 4479 millions $ according to the assumption about rcalizcd 

clcctricity savings. On an annual basis, the range is from 179.3 to 386.5 millions$. 

Most of the bcnefits accrue to the consumers white the utility realizes marginal gains and 

the govemment is a net loser. The level and the distribution of the bcnefits among the 



thrcc parties ar ive to the size of electriclty demand rcduction associated with the 

encrgy savings, programs. 0 
JEL: Q4 

Keywords: Energy savings, elcctric utilities, electricity demand, cnergy policy 

INTRODUCTION 

The increasing cost of generating capacity and the growing environmen cerns have 

lcd to the implementation of energy savings programs whlch are now an integral part of 

rcsources dcvclopment plans of most clectric utilities. 1 Sincc thcir inccptlon, energy 

savings programs have givcn rise to extensive debates about how much energy will be 

saved and about the assoclatcd costs ln order to arrive at the aupply function of the so­

callcd ncgawatts. Estlmatcs of thls type rcly on engineering studles and on subjective 

evaluatlon of conaumers wllllngneas to partlclpatc. Eneray aavlnga programs sponsored 

by electric utllities have bccn launchcd on the basls of such cost and benent assessment 

and ex post performance cvaluations arc starting to becomc available.2 ln genera1; the 

ex ante estimates do not incorporate the quantity changes which could follow from 

consumcrs reactlons to the resultlng chcaper energy scrvlces.3 

There ls anothcr type of prlce reaction whlch has also been overlooked. Most 

encrgy savlngs programs are lmplerncntcd under the assumptlon that thcy arc golng to be 

net revenue neutral to ensure that program non-participants do not cross-subsldize 

program bencficlarles. Such clalms fall to takc lnto account that energy savlngs programs 

expenditurcs by electric utilitics arc part of revenue requlrerncnts and hence lnnuencc 

clectrlclty rate8. Encrgy savlngs expenscs to reduce electriclty demand and gencrating 

equipment investment expenses to providc service for a growing dcmand can be sccn as 

two competing ways of satisfying consumer demand for hcat, llght or air conditlonlng. 

Each type of investment expenses rcceivcs a particular treatrncnt under revenue 

requlrerncnts which underlie elcctricity rate determinatlon. The resultlng rates influence 

electricity demand, thus providing additionnai benefits or costs. 

Our objective is to conduct a cost-bencfit analysis of Hydro-~bec overnll 

cncrgy savings programs while taking into account programs cffccts on electriclty rates 

and hence on electricity demand. Hydro-Qufbec ls a large govcmment-owncd corporation 

which generates, transmits and distributes elcctricity in the Province of Qufbec. Ils rates 

are subject to govcmment approval. Threc parties are innuenccd by the introduction of 

energy savings programs: the consumers who arc supposcd to be the bcneficiaries, the 

utility which can postpone the use of new gcncrating equipment, and finally, the 

govemment which collects spccific taxes on clectricity consumption and production. The 

1 
1 
:j 
11 
1 

1 

! 

1 
,j 
! 



0 0 
sum of the effects on the three parties dctermines the overall effect of Hydro-Québec's 

energy savings programs on Québec economic well-being whole. 

The presenta1ion proceeds in lhis order: 1he first section describes Hydro-Québec 

energy savings programs and the undcrlying economic rationalc. The second section 

introduces the simulation modcl used to analyze invcstmcnt developmcnt plan, clcctricity 

production, rate dctermination, and clectricity demand. The details with respect to this 

particular application of cost-benelit analysis appear in section threc while section four 

provides the rcsults. 

Herc is an ovcrvicw of the main conclusions: Hydro-Québcc cncrgy savings 

programs lcad to prescnt value benefits ranging from 2078 to 4479 millions $ according 

to the assumption about rcalized clectricity savings.4 On an annual basis, the range is 

from 179.3 to 386.5 millions$. Most of the bencfits accrue to the consumers whilc the 

producer gain is marginal and the governmcnt is a net loser. The sizc and the distribution 

of the bcncf111 omona the three parties are qulte sensitive 10 the clcctricity dcmand 

reductlon uuoclutcd wlth the eneraiy aovlnais progrums. 

SECTION ONE: Hydro-Québec energy savlngs programs 

Hydro-Québec is a large electric utility with sales of 144.5 1Wh and gross 

income of 6.8 billions$ in 1992. lts total gencrating capacity was 33 573 MW al ycar 

end, including 5 428 MW obtained through a long term firm contract wi1h Ncwfoundland, 

o neighboring province; 94% of availablc capacity is from hydro sourccs.s From 1982 

10 1992, the average annual growth rate of total sales was 3.4% whilc the growth rate for 

sales within the province was 4.3%. If wc set asidc the rclativcly small planncd purchascs 

from indcpcndcnt power produccrs, i.e. 760 MW, all capacity additions arc cxpcctcd to 

be utility-build hydro power stations.6 

Hydro-Québec is a Iole corner to the implcmcntation of cncrgy savings 

programs. ln the dcvclopmcnt plan prcscntcd by the utility in 1992 for the pcriod 1992 

lo 2010, encrgy sovings programs arc an cxplicil part of the balancing act betwecn 

clcctrici1y dcmond and suppl y along capacity additions, intcrruptiblc service and purchascs 

from indepcndcnt power producers. The govcmmcnt-owncd cntcrprise cxpccts to spcnd 

? 

1.9 billion S from IQ92 to 2<Xl0 and 2.0 billions S from 2001 0 1,0 on various cncr(ty 

savings programs which will apply fairly cvcnly to the rcsidcntial, commercial and 

industrial scctors. 1llc consumcrs arc supposcd to match about half the amount which 

will be providcd by the utility. As a result of the joint encrgy savings efforts by the 

utility and the uscrs, clectricity demand is expcctcd to be rcduccd by 9 .3 TWh in the ycar 

2000 or 5.4% of the dcmand which would othcrwisc be prcdictcd and by 18.01Wh in 

the ycar 2010 or 9.1%. Table 4 shows the annual cnergy savings in column (2) and the 

annual Oow of programs expcnditures in column (3) from 1992 to 2010 according to the 

plan set by the utility. The information conccming cnergy savings programs cxpcnscs is 

more precisc in the first ninc ycars than in the cnsuing ycars and only an aggregatc figure 

is available for the later pcriod.7 

The principles which l~d to encrgy savings cstimalcs by the ulility ore quite 

slandard.8 Flrst, the entcrprise asscssed potential cncrgy savings by considcring all 

cleclricity uses such that the cost of the encrgy savlng measure is gaugcd 10 be lcss than 

the marginal production cost, i.e. the cosl of dcveloping ncw supply to salisfy thal 

pnrticulnr dcmond.9 This lncludea all cncrsy aavlnss mcasurcs which can be consldercd 

10 be optimal from a social alandpolnt. Thcre ls lhe addltlonal problcm of allocalins the 

cncrgy savings cost burdcn between the utility and the bencficiarics wilh the implied 

participation raie of the latter. Hydro-Québec plans to covcr about Iwo thirds of the cost 

of energy savings mcasurcs and it cxpccts that such a sharing agreement will make one 

third of potcntial cncrgy savlngs to be rcalized. lt must be pointcd out that Hydro-Québcc 

is a low pricc seller and a low cost produccr. This tends to rcducc polcntial cncrgy 

savings and the willingness of consumer to undertakc cxpcnditurcs in ordcr 10 savc 

electricity. 

Hydro-Québec's sharc of cnergy savings programs costs may cxcccd the 

difference hctwecn marginal expansion cost and average revenue, ~o the program 

implcmenlation ls not neccssarily net revenue nculral al lcost in the short lcrm. The plan 

is 10 substitutc cncrgy savings programs in the ncxl fcw ycars for capacily additions ove, 

the longer term. According to the utilily, clcctricity priccs with cncrgy savings program! 

should not cxcced prices withoul ,lhem in the long tcrm and may be lowcr. 
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Our is 10 analyze lhis particular lradc-off wilhin the framework of cos!-

bcnefi,1 ile laking into account the financlal regulatory constraints which 

undcrlie electricity price dctermination in the Province ofQutbec. Even if Hydro-Qutbcc 

is not subject 10 the overview of an indepcndent regalatory commission, somc financial 

critcria arc applicd by the govemment to cvaluatc whethcr total revenues and hence 

clectricity tariffs are at the appropriatc levcl. Two critcria in particular are used cxplicily 

for such a purposc, i.e. dcbt/equity ratio and intcrc,1 coveragc. 10 The interrelationships 

betwecn cncrgy savings programs cxpcnsea and the financial criteria yield average 

elcctricity priccs over lime. This may providc an additlonal beneflt or cost whlch can 

only be 1akcn into accoum in a dynamic analysis embodylng the fccdback cffcct of 

program cxpcnscs on electricity pricc and hencc on elcctricity demand. 

Hydro-Qutbec claima that Ill encrgy aavlnga programa wlll provlde bencfils 10 

the consumers and the utility; however, there la another passive party which ls the 

govemmcnt. The lauer collects spccific taxes on the consumptlon and the production of 

elcctricity, namcly, a 3% sales tax in lieu of local taxes, a 0.05% propcrty tax, a 0.48% 

capital tax, and a 0.5% guarantcc fce on dcbt financing. Taxes are part of the value 

associatcd with clcctricity use and it is of interest to dcterminc the net cffect of cncrgy 

savings programs on governmcnt revenues. 

Bcfore dcscribing the implementation of the cost-bencfit analysis of the cncrgy 

savings programs by Hydro-Qutbec, let us introducc brietly the analytical framework lhat 

is uscd to trace the evolution of Quebec elcctricity market up to the ycar 2010. 

SECTION TWO: The analytlcal rramcwork 

ln ordcr to mcasurc the effccts of the energy savings programs as planncd by 

Hydro-Qutbec, we nccd a modcl which allows to conduct comparative analysis and which 

encompasscs the main fca1ures of elcctricity rate determination for the govemment-owned 

clcctric utility. Ahhough there is no direct rate overview by an indcpcndcnt regulatory 

agcncy in Qutbec, the govcmmcnt, which ia responsible for electricity rates approval, 

relies mostly on two financial critcria to assess tariff changes, i.e. intcrcst coverage 11 

and dcWcquity ratio.12 Thcsc two ratios arc incorporatcd expllcitly into the dividcnd 

formula which detcrmincs the amount paid by the utility to the govemrncnt as cquity 

4 

0 owncr; no dividcnd is paid if one of lhe finnncinl crilcrin i~ no! ~nlislicd( ·1rici1y mie~ 

retlcct average costs with modifications brought by the 11pplication of I ve financial 

critcria. A vcrage costs include opcrations and maintenance, clcctricity purchascs, taxes, 

capital dcprcciation and net intcrcst paymcnts. 

To trace the cffccts of cnergy savings progroms on clectriclty rates, dcmond, and 

production, we make use of the CANREM modcl. Although sornc parts of the modcl 

are based on optimizlng principles, such as cnergy dcmand and production dispatching, 

the overall model ls not an optimlzlng one. ln particular, thls ls the case with respect co 

the equlpment devclopmcnt plan. Hydro capaclty additions arc lnlroduccd ln order to 

satlsfy sornc tcchnical critcria such as pcak capacity rescrvc and avallable cncrgy. 

As il can be sccn from Figure 1, Che model has thrce main components: cneray 

and clcctrlclty dcmand, production, and finances. The price of electricily la the key 

variable whlch links together the thrcc componcnts. Rates arc set so as to cover avera1e 

costs and 10 satlsfy the two aforcmcntloncd nnancial criteria at lcast in a stable cconomic 

envlronmenl. 13 Elcclricily dcmand clasticilics with respect to pricc and incornc play 

an important rolc in the cvolullon of clcclriclty demand and Chey arc rcproduced ln Table 

1. lt can be secn chai pricc clastlcitics are quitc low ln the short run. bue not so ln the 

long run duc lo strong substitution possibililics with oil producls and natural gas. Exccpl 

for induslrial clcctricity demand in lhc long run, ail incomc claslicitics are lcss than one. 

If wc take inlo account the relative contribution of cach scctor 10 lolal clcctricily demand, 

the long run incomc elaslicity is 0.80. 

Two types of cxogcnous information arc parts of a simulation run over a aiven 

horizon: first, thcrc are the macrocconomic variables such as Gross Domcsllc Product, 

Inflation, intcrcst rates, cxchangc rates, and population growth. Second, thcrc arc Che oil 

and naturel gas pricc forccasls. ln this papcr, we adopt Che forccasts for thesc variables 

as prcscnlcd by Hydro-Qutbec (1992c) in its dcvcloprncnl plan for the pcriod. 1992-2010 . 

and thcy arc rcproduccd in Table 2. Il can be obscrvcd that Hydro-Qutbcc cxpccts 

cconomic growlh lo slow down and the priccs of crudc oil and of natural gas 10 incrcasc 

ovcr lhc ncxl Iwo decadcs. Thcsc variables, 1oge1hcr wilh Che cosls of gencration, 

transmission and distribution cquipmenl, dclcrminc average priccs of clcctricily chrough 



lhc ç .,,.,,;,w pro,Klod by go,emmeot ,nd henœ ;"""'"'' lhe demand ,ç;, 
electricity. 

SECTION THREE: The coet-benent analy1l1 or ener1y 1avln11 pro1ram1 

The first stcp in the analysis of the cffccts of Hydro-Québcc cncrgy savings 

programs is the construction of a base case scenario in the absence of encrgy savings 

mcasurcs. The base case scenario incorporatcs the cxogcneous information provided in 

Table 2. Theo cnergy savings cxpenditurcs by the utility arc introduced on the cost sidc 

and cxpectcd cncrgy savings arc nctted out from the clcctricity demand which would 

othcrwisc be predicted undcr the base case. Adjustmcnts are brought 10 production 

cquipmcnt rcquired to satisfy the lowcr dcmand and invcstmcnt cxpenscs arc reduccd 

accordingly. The ncw plan of invcstmcnt cxpenses by the utility, i.e. cncrgy savings and 

production lnvcstmcnt cxpenses, interact with the financial critcria to dcterminc the ncw 

clcctricity pricc path ovcr the planning horizon. ln tum this lcads to furthcr dcmand 

adjustmcnts which must be incorporatcd in the cost-bencfil analysis.14 The first two 

columns of Tables 3 and 4 prcscnt the Information wlth respect to the cncrgy aavlnga 

programs whilc the third column shows the production invcstmcnt cxpenscs. Thcrc ls an 

obvious tradc-off betwccn the two types of invcstmcnt cxpenscs. 

Thcrc cxists a widc range of opinions ovcr consumer willlngncss to particlpatc 

into cncrgy savings programs and hcncc ovcr thcir cffcctivcncss. Studics such as Joskow 

and Marron (1992) in the U.S. and Vclthuijscn (1993) in the Ncrthcrlands show that 

rcalizcd encrgy savlngs out of utility sponsored programs arc quitc oftcn much lowcr than 

the forccusts based on cnaincerins studica. A 50% reduction from the ex ante appralsal 

to the ex post mcasurcmcnt is quitc common. ln order to aascss the impact of lowcr than 

c11pectcd cneray aavlnaa, wc construct anothcr sccnarlo which lncorporatcs the aamc 

cncrgy savings expcnscs and only 50% encrgy savlngs relative to Hydro-Québec encrgy 

savlnga plan. 

Little information is availablc about the frcc riders, that is, consumers who 

would have adopted the encrgy savings mcasurcs wlthout utility assistance. The longer 

is the horizon, the more scvcrc is the frcc rider problem. ln that scnsc, cncrgy savings 

ossociated wilh utility-sponsorcd mcasurcs can be sccn as lcmporary bccausc thcy would 

6 

have heen reali1.cd any way ovcr the long run. ln ordcr .c _) rc the cffccts of this 

phenomenon, wc construct an additional scenario in which utility-spon:;orcd cncrgy 

savings programs gcncratc savings only for tcn ycars and lapsc aflcrwards. The 

information with respect to this accnario appeara in Table 6. Figure 2 shows the 

cvolution of cncrgy savlngs undcr the thrcc accnarioa conaidcred in this paper. 

Our purposc is to mcasurc the changes in cconomic wcll-bcing for the 

consumcrs, the produccr and the govcmmcnt duc to Hydro-Québcc cncrgy savings 

programs from 1992 to 2010 undcr cach cncrgy savings sccnario. 

1. the consumen 

The cost-bcncfit analysis of the cncrgy savings programs incorporatc thrcc 

changes for the consumcrs: 

Il. 

lowcr bills rclated to lowcr clcctricity dcmand; 

consumer surplus variations associated wlth the pricc cffccts. Wc makc use of 

the Slutaky compensatlng variation whlch ls the addcd amount or the savings 

on clcctriclty purchasca duc to the pricc change; 15 

and consumer sharc of cncrgy savings program costs. Wc adopt Hydro-Québcc 

assumptlon that consumcrs will bcar about one third of total costs. 

the proclucer 

The produccr makcs use of two types of gcncrating cquipmcnt ovcr the plannin 

horizon, that is, the cqulpment whlch ls alrcady availablc in 1992 and the one which i 

coming on llnc up to 2010. For the flrst type of cquipmcnt, wc use the quasi-rcn 

approach undcr the 111umption that the alrcady avallablc equipment has no alternative u 

hcside clcctrlcity production. So profits arc simply revenues minus operoting cxpensc. 

ond taxes. For the second type, we have to dcduct invcstmcnt cxpcn~cs whlch ar 

variable ovcr the planning horizon. 
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m. 
ment is a passive panner whlch rccelvea benefits ln the form of 

spccific taxes on the production and on the consumption of electricity. 16 Dividcnds arc 

not taken into account since they are part of producer surplus. 

The end of the planning horizon 2010 has bcen sclected in ordcr to makc use 

of ail the information providcd by Hydro-Qu~bcc (1992c) latcst dcvelopemcnt plan. The 

four sccnarios yicld diffcrcnt combinations of capital stock which is built up from 1992 

10 2010 and of clcctricity dcmand reduction duc to cnergy savings programs. Thcsc two 

asscts arc of somc value to socicty and wc nccd to take them loto account in the cost­

bencfit analysis. Obviously, the dctcrmination of the value of thesc asscts requircs that 

wc probe furthcr into the future. To close the analyais, il is aasumcd thal the uscful lives 

of the stocks of capital in the form of clcctricity demand rcductlon which exist in 2010 

arc twcnty ycars and that thcy arc 1ubjcc1 to lincar dcpreciatlon. 17 The 2010 clcctricity 

pricc undcr the relevant sccnario la used to convcrt the strcam of dcmand rcduction lnto 

prescnt value which is thcn addcd 10 consumer benefits. As for the production equipmcnt 

which cornes into service between 1992 and 2010, wc assume a 3% compounded interest 

rate dcprcciation ovcr the uscful lives18 and the prcscnt value of the net asscts in 2010 

is deductcd from gross invcstment expenscs to arrive al net investment cxpenscs ovcr the 

planning horizon. The annual flows of bencfits and costs arc exprcssed in prcscnt value 

tcrms for the ycar 1992 by using the rcal rate of discount 6.3% which is also the rate uscd 

by the utility to asscss various projccts. 

SECTION FOUR: The raulta 

Tables 3 10 6 contain the simulation rcsults undcr the four sccnarios and thcy 

show the cvolution of the rcal price of clectricity, demand, generatlng capacity, rcscrve 

and net sccondary tradc. The laucr is introduced becausc it acts as the marginal market 

relative to the domcstic market. If the utility is short of cncrgy in a givcn ycar, it buys 

sccondary power from the U.S. and convcrscly, if il has cxcess cncrgy, il sclls sccondary 

power on the samc market. 

The evolution undcr cach sccnario is best scen by focusing the aucntion on the 

price of clcctricity. As il can be scen from Table 3, the price of electricity would fall at 

8 

0 the average annuai rate of 0.47% from 199210 2000 and 0 .75% over lhc f, "·'~·-wing decade 

If therc werc to be no encrgy aavlngs programs. Dcmand would grow a pcr year; 

this rate cxcccds by 0.68% the rate whlch would rcsult from cconomlc srowth alonc with 

no price change. The utility would have cnough gencratlng capaclty, even ln the ncxt fcw 

yean, although il is generally short of energy as the ncgative net secondary trade shows. 

Figure 3 illustrates the cvolution of the pricc of electricity with and without the 

energy savings programs as planned by Hydro-Qu~bcc. lt ls seen thal the energy savings 

programs call for higher prices up to the year to 2000, for lowcr prices betwcen 2001 and 

2005 and for highcr pricc agaln aftcrwards. Contrary to the assertion by Hydro-Qu~bcc 

( 1992a). the two prlcc paths do not mcrgc over time and the energy savlngs sccnarlo 

prcscnts hlgher prlccs at the end of the planning horizon. The dctermination of electricity 

prlce through financlal crlterla such as lntercst coverage and debt/equlty ratio lntroduccs 

wave-llke motions ln the cvolution of prlce whlch obscure simple comparisons. Since lhc 

prlccs of elcctrlclty arc higher ln the first period, the net dcmand rcductlon is largcr ln the 

ycar 2000 than the amount predlcted by Hydro-Qu~bec, I.e. 9.91Wh vusus 9.3 1Wh, as 

it can be obscrvcd by comparlng rcsults in Tables 3 and 4. The utility has a highcr 

rcscrvc margin and lt has cxccss cncrgy to unload on the sccondary market. The highcr 

clcctricity pricc al the end of the planning horizon brings also a largcr dcmand rcduction, 

that ls, 19.9 lWh versus 18.01Wh. Ovcrall annual elcctrlcity demand growth la 2.22% 

rathcr than 2.76% and capaclty drops by 3629 MW or 8.0% by the ycar 20!0 relative to 

the case whcrc no cncrgy savings arc prcscnl. 

The 50% cncrgy savings sccnario whlch is presented ln Table 5 has lcss cncrgy 

savings and more capaclty additions and hcncc more production investmcnt cxpenscs. 

This lcads to highcr elcctriclty prices in comparison with the realization of 100% cncrgy 

savings. So clcctricity dcmand incrcase is only 7.21Wh rather than the whole 9.01Wh 

in the ycar 2010. The differencc is due to highcr priccs. 

Table 6 displays the rcsults with respect to the sccnario whcrc cncrgy savings 

arc considcrcd as tcmporary. The cffcct is to cause cncrgy savings to be realized tcn 

years carlicr than otherwise with no lasting effect. This sccnario is idcntical to the one 

put forward by Hydro-Qu~bcc up to the ycar 2001, thcn savings in 1992 arc nctted out 

9 
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of the savings in 2002 and so on. This rcduccs drastically the cfficicncy of the cncrgy 

savings programs in the long run. This sccnario has more capacity additions with the 

samc encrgy savings cxpenscs. So il has highcr priccs which lead to lowcr clcctricity 

dcmand in 2010. 

Table 7 prescnls the rcsults of the cost-bencfit analysis under the three encrgy 

savings sccnarios. 1t can be obscrvcd that elcctricity consumcrs would be the main 

bcncficiaries of the programs implcmcntcd by Hydro-Québcc if the world unfolds as 

predicled by the govcmment-owncd corporation. Most of the gains tùc the form of bill 

rcduction while the change in consumer surplus is rclativcly small. A fairly large share 

of the gains cornes from bill dccreasc after 2010. The gains accruing to the producer arc 

rathcr marginal. The savings rcalizcd with respect to invcstmcnt expenscs arc nearly 

offset by the losscs of variable profits. The losses of tax revenues are fairly large. 

Smaller elcctricity dcmand generates lcss sales tax and also less capital tax and guarantee 

fccs. The last two taxes arc linlccd to Hydro-Québcc sizc which is made smaller by the 

energy savings programs. For socicty as a wholc, the net gain in prcscnt value is 4 479.0 

millions $ or 386.5 millions$ on cquivalcnt annual basis from 1992 to 2010. This 

umount reprcacnts 0.~4% of ODP in 1992 or S.6% of Hydro-Québec sales in that ycar. 

A lowcr cfficicncy of the cncrgy savings programs yiclds fairly dramatic 

rcduction in consumcrs bencfits. This would be the case in particular if encrgy savings 

turn out to be only 50% of Hydro-Québec forccasts in the respect. Consumers benefits 

would amount only to 1 318.5 millions $ rather than 4 686.6 millions $. The produccr 

and the govcrnmcnt would gain from the largcr soles. For socicty as wholc, the cncrgy 

savings progroms would slill providc positive bcnefits evcn if thcir efficicncy werc to be 

rcduced significantly . 

CONCLUSION 

The economic rationalc bchind cncrgy savings programs is that marginal 

dcvclopment costs ore obovc clcctricily priccs, so thcrc is a margin which can be uscd 10 

reducc demand while the consumcrs and the producer sharc the gains. lt is this simple 

r111ionale which lies behind the encrgy savings programs launchcd by Hydro-Québcc. ln 

this paper, wc conductcd an ovcrall cost-bencfit analysis of thcsc programs while taJcing 

1 () 

into accounl the particular framcwork which lcads to c1,crminati,on for the 

government-owncd utility. We found that, if Hydro-Québec plans unfold according to ils 

forccast, the consumers would capture most of the gains, whilc the utility would be a 

marginal bencficiary and the govcmmcnt would be a net loser. The sizc and the 

distribution of the benefits and losscs among the thrcc parties arc quitc sensitive to 

assumptions with respect to the cfficlency of the encrgy savings programs. Consumers 

gains would dccrcasc white the producer and the govcmment would bencfit if the 

efficiency of cncrgy savings programs wcrc to fall . 

Since the cconomic rationalc behind the cncrgy savings programs is a faulty 

pricc signal, that is, clcctricity pricc being lcss than marginal devclopment cost, wc may 

ask why wc should nol be moving toward the tirst best solution. ln a prcvious paper by 

Bernard and Chatel ( l 98S), it was shown that the first best would lead to much larger 

welfare gains. Howcvcr, the consumcrs would be the main losers . The implemcntation 

of the energy savings programs by Hydro-Québcc docs nol give rise to such a problcm. 

lt must be kepl in mind that the consumcrs clcct the govcmmcnt which approves the 

elcctricity tariffs of the governmcnt-owncd utility. 
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Table 1: Prlce and lncome ElutlcltJa of Q~bcc Electridly Demaod 

Pricc lncomc 

Residcntial 
Commercial 
Indu striai 
Street lighting 

S.R.: Short run 
L.R.: Long run 

Source: C.W. Carr (1992) 

S.R. 

-0.30 
-0.33 
-0.14 
-0.1.5 

L.R. 

-1 .2.5 
-1.33 
-1.02 
-1.0.5 

S.R. 

0.17 
0 .38 
0 .6.5 
0.06 

Table 2: Macroeconomlc variables (averaae annual growtb rate) 

Pcriod lnOalion Househokb Oil Natural Real lntcral 
Pricc gu GDP flltc• 

price 

1992- 2.4 1.7 2.0 5.0 2.9 9 .8 
2000 

2000- 3.5 1.0 1.2 5.0 2.4 9 .8 
2010 

1992- 3.3 1.3 1.6 .5 .0 2.6 9.8 
2010 

a A vcragc over the period 

Source: Hydro-Qu~bec (1992c), (1993) 

L.R. 

0.40 
0.67 
1.36 
0.41 

E.xchanac 
llllC 
($CAN/$US) 

1.25 

1.24 

1.2.5 



Table J: Noe savlngs 0 Table 4: Hydro-Q~bec ener&Y savlnp 0 
v- -., H-ObmJJ - ..... ~ c_., - NnSecond-, , ..... ,. .... .. _ ..,,WII v- a-., H-Q - ..... ~ 

TWII MW M .. lo T...i. TW1I Ùl**J - .... _, 
TM, I!- Il- • s ..... a-., 

.. _ ..,,WII TWII MW ...... TnâTWII 

MIN.._l Ml-l 
TWII s ..... ·- .. ·- Mll-1 

Ml-l 

0.0 1992 0.00 1232.63 4.92 136.0 29130 13 0.0 

1993 0.0 0.00 1042.64 4.86 143.8 30044 15 -1.0 1992 0.5 118.00 1175.66 4.92 136.0 29130 13 0.0 

1994 0.0 0.00 943.51 4.78 150.2 31312 18 -1.0 1993 1.0 201.58 924.02 4.86 142.3 30044 17 0.0 

1995 0.0 0.00 1161.28 4.64 155.9 31998 16 -1.0 1994 1.7 235.89 694.63 4.78 147.9 31312 20 1.0 

1996 0.0 0.00 1441.57 4.56 161.0 32298 14 -1.0 1995 2.9 248.47 730.66 4.67 152.1 31998 20 2.0 

1997 0.0 0.00 1967.49 4.60 165.6 32308 14 -2.0 .,- 1996 4.6 223.81 832.92 4.60 155.9 32298 18 2.0 

1998 0.0 0.00 2322.85 4.65 169.8 32773 13 -3 .0 1997 6.0 220.97 1()()().03 4.65 IS8.9 32308 20 3.0 

1999 0 .0 0.00 2607.89 4.69 171.1 32773 Il -3 .0 1998 7.1 205.34 1369.51 4.69 161.9 32773 19 2.0 

2000 0.0 0.00 2619.07 4.74 173.l 33388 Il -3.0 1999 8.4 185.04 1772.26 4.74 161.8 32773 19 3.0 
~ 

2001 0 .0 0.00 2469.52 4.78 176.0 35490 16 -3.0 2000 9.3 200.00 1942.09 4.73 163.2 32773 18 2.0 

2002 0.0 0.00 2510.62 4.85 178.9 36797 18 -1.0 2001 10.1 200.00 1882.4S 4.68 166.3 33373 17 0.0 

2003 0.0 0.00 2518.60 4.92 181.7 38532 21 0.0 2002 10.8 200.00 1660.87 4.71 169.6 · 35070 20 0.0 

2004 0.0 0.00 2738.35 4.75 185.6 39195 19 2.0 2003 11.6 200.00 1550.76 4.65 173.4 36384 21 0.0 

2005 0 .0 0.00 2555.34 4.59 191.4 40397 18 -1.0 2004 12.5 200.00 1578.24 4.59 176.7 37361 21 1.0 

2006 0.0 0.00 2263.51 4.54 197.4 41489 17 -1.0 2005 13.3 200.00 1632.23 4.54 181.0 38470 20 0.0 

2007 0.0 0.00 2079.31 4.48 203.6 43073 17 -1.0 2006 14.2 200.00 1813.98 4.56 185.0 38883 18 0.0 

2008 0.0 0.00 2238.44 4.43 209.9 44273 15 -1.0 2007 15.1 200.00 2108.78 4.S5 189.1 39662 17 -1.0 

2009 0.0 0.00 2763.63 4.42 215.9 44273 12 -2.0 2008 16.1 200.00 2405.48 4.55 193.1 40027 15 -1.0 

20!0 0.0 0.00 2888.89 4.39 222.0 45118 10 -3.0 2009 17.0 200.00 2594.86 4.51 197.7 40567 13 -2.0 
2010 18.0 200.00 2659.73 4.51 202.1 41489 13 -3.0 

Aven1e annual 1rowlh rate Averaae annual arowth rate 

1992- -0.47 3.06 1.72 
2000 

1992- -0.47 2.30 1.48 
2000 

200(). 
-0.75 2.52 3.06 2000-

2010 2010 -0.49 2.16 2.39 

1992- 1992-
2010 2010 

-0.63 2.76 2.46 
-0.48 2.22 1.98 
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Table 5: 50% energy savlngs 

Y• ..., H-Ql!aaJy 
s-., Sa.top 

TWli !xr-
MII-S 

1992 0.3 188.00 
1993 0.5 201.58 
1994 0.9 235.89 
1995 1.5 248.47 
1996 2.3 247.87 
1997 3.0 223.81 
1998 3.6 220.97 
1999 4.2 205.34 
2000 4.7 185.04 
2001 5.1 200.00 
2002 5.4 200.00 
2003 5.8 200.00 
2004 6.3 200.00 
2005 6.7 200.00 
2006 7.1 200.00 
2007 7.6 200.00 
2008 8.1 200.00 
2009 8.5 200.00 
2010 9.0 200.00 

A venac annual arowlh raie 

1992-
2000 

2000-
2010 

1992· 
2010 

-.. _ 
~ 

M1a-s 

1193.33 
937.05 
748.42 
869.20 
997.43 

1285.17 
1668.48 
2036.09 
2170.58 
2126.10 
2157.14 
2159.83 
1990.00 
1871.50 
1999.82 
2173.90 
2482.19 
2716.69 
2907.20 

C 
Pllco ~ c.i,.c11, -.. Net 

f,\WI, TWII MW Mqlo Seœadory 
~ Traie 

TWh 

4.92 136.0 29130 13 0.0 
4.86 143.1 30044 16 -1.0 
4.78 149.1 31312 19 0.0 
4.68 153.7 31998 18 1.0 
4.59 158.2 32298 16 1.0 
4.64 162.0 32308 17 0.0 
4.68 165.5 32773 16 -1.0 
4.73 166.1 32773 15 0.0 
4.77 167.6 32773 14 -1.0 
4.82 170.0 33988 16 -1.0 

.. 
4.89 172.6 35782 19 0.0 
4.96 174.9 36384 19 0.0 
4.79 178.3 37774 21 0.0 
4.63 183.6 39297 21 0.0 
4.58 189.1 40207 19 0.0 
4.57 194.2 40941 17 0.0 
4.53 199.4 41489 15 -1.0 
4.52 204.6 42078 13 -2.0 
4.53 209.3 42673 11 -3 .0 

-0.37 2.64 1.48 

-0.51 2.24 2.67 

-0.45 2.42 2.14 

r 

18 

' 

0 1 

1 

' 1 Table 6: Temporary eneray 1avlnp 
,..1 

H-Q-,Y - - ~ c.-ar -Yr• e.tty 

Sa,·irlp S..lop 
.. _ 

f,\WII TWli MW Mqla _, 
~ Traie TWh I!- 8-

TWli Ml-S Mi-S 
1 

1992 0.5 188.00 1175.66 4.92 136.0 29130 13 0.0 

1993 1.0 201.58 924.02 4.86 142.8 30044 16 0.0 

1994 1.7 235.89 694.63 4.78 148.5 31312 19 0.0 

1995 2.9 248.47 750.83 4.65 152.9 31998 19 1.0 

1996 4.6 247.87 854.74 4.60 156.1 32298 18 2.0 1 
1 

1997 6.0 223.81 1127.01 4.64 159.0 32308 19 3.0 
1 

1998 7.1 220.97 1448.04 4.69 162.0 32773 19 2.0 1 

1 
1999 8.4 205.34 1973.17 4.73 161.9 32773 19 3.0 

1 2000 9.3 185.04 2197.70 4.75 163.2 32773 18 2.0 

2001 10.1 200.00 2260.89 4.72 166.0 33373 17 0.0 1 
1 

2002 10.3 200.00 2166.40 4.76 169.4 35070 20 0.0 

2003 10.6 200.00 2100.84 4.73 173.2 36384 21 0.0 
1 

10.8 200.00 2059.65 4.66 177.0 37361 20 0.0 1 2004 
2005 10.4 200.00 1949.50 4.61 182.2 39297 22 0.0 

2006 9.6 200.00 2246.75 4.63 187.8 39662 19 0.0 

2007 9.1 200.00 2514.05 4.60 193.4 40567 17 -1.0 

2008 9.0 200.00 2841.26 4.59 198.6 40941 14 -2.0 

2009 8.6 200.00 2973.66 4.55 204.4 42078 13 -3.0 

2010 8.7 200.00 3399.60 4.62 208.8 42673 12 -3.0 

A vcraac ,annual arowlh raie 

1992- ... ... ... -0.44 2.30 1.48 ... ... 
2000 

2000-
-0.27 2.50 2.67 ... ... 

2010 
... ... ... 

1992· 
20IO 

... ... ... -0.35 2.41 2.14 ... ... 
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Table 7: Cost- analysl11 or cnergy savlngs (mllUons $) 

Hydro-Qua,ec plu 5°" eaeraY aavinp 

Preaent Annual Praent Annual 
value equlvalont value' equlvalent 

Co,u,,,,..r$ 
• 8111 aavlnp 

1992-2010 4045.75 349.14 2536.13 218.86 
2011-2030 1691.44 145.97 728.13 62.84 

- Consuma- aurplua 122.43 10.57 -772.77 -66.69 
- eo.i 
- Total 

-1173.02 -101.23 -1173.02 -101.23 
4686.60 404.44 1318.46 113.78 

Prodvur 
- V lriable profita 

- Nec lnveatmenl eapen1e1 - l 379_85 -119.08 -94.06 -8.12 
· Total 

Guwmt#ffl 1580.15 136.36 1066.40 92.03 
200.30 17.29 972.33 83.91 

-407.93 -35.20 -213.08 -18.39 

'TOTAL 4478.97 386.52 2077.72 179.30 

20 

0 
Temporary diaplacement 

Present Annual 
value equlv1len1 

3517.06 303.51 
376.26 32.47 

-372.01 -32.10 
-1173.02 -101.23 
2348.29 202.65 

-547.42 -47.24 

1308.28 112.90 
760.86 65.66 

-288.59 -24.90 

2820.56 243 .41 

·'"-

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Nota ü 
For a prcscntation of the adoption of Dcmand Sidc Management programs by 
U.S. elcclric utilities, sec Mitchell (1992). 

For a critical analy1i1, ace Joakow and Marron (1992). 

For an exception, sec Dumagan and Mount (1993). 

Ali monetary amounts are in terms of 1992 Canadien$. 

Sec Hydro-Qu~bcc (1992d). 

H ydro-Qu~bcc ( 1992c ). 

For the purpose of this study, the aggrcgate amount is dislributcd evenly from 
2001 to 2010. 

Hydro-Québcc (1992a). 

Hydro-Québcc did not considcr substitution to othcr energy sources such as 
natural gas or oil products as a way of rcducing elcclricity consumplion. 

The two criteria will be describcd more al length in the followlna section. 

lnterest coverage is defincd as the ratio of lncome beforc intercst paymcnt over 
gross intercst payment. Il mcasurcs the capacity of the utility to cover intcrcst 
payment without borrowing for such a purpose and its expcctcd value is at lcast 
one. 

The target value of the debt/cquity ratio is cqual to or lcss lhan 3/1. At lcasl 
25% of investmenl expenses have lo be paid out of net incomc. 

For a more detailcd prescntation of the mode!, sec Bélanger and Bernard 
(1992). 
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, . 

1 . 

15. 

16. 

No clcctricity dcmand adjustmcnts arc made duc to the changes in the prie 
cncrgy services. Dumagan and Mount (1993) found thcsc additional cffccts to 
be small ln the residcntial scctor. 

See Varian (1984, p. 144). Hicks compcnsating variation is also uscd 
frcqucntly for such purposc. For small pricc changes, Hicks and Slutsky 
compcnsating variations arc approximatcly cqual. 

No allowanccs arc made for non clcctrlcity spcciflc taxes sincc their net effccts 
would cmbody activities transfcr from one scctor to the others. This is a task 
which gocs bcyond the limits of the prcscnt analysis. 

17. The annual dcmand rcductions undcr this assumption arc displaycd in Figure 2. 

18. This ls the assumption made by Hydro-Québcc. 
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