THE UNIVERSITY OF ALRLRTA

CANADIAN INTCRFUEL SUBSTITUTION MODEL

4

by o,
N .

(::::) 'ROBERT ACTON ” .

- | “A THESIS |
SUBMITTED TO- THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE *

MASTER OF SCIENCE
IN
AT LIED SYSTEMS ANALYSIS

,///// DEPARTHENT (OF CHEMICAL ENSINEERING
‘ * EDMONTON, ALBERTA |

SPRING, 1975



| iad

€}

ABSTRACT

A wathematical model has been developed to simulate the
interfucl substitution precess in-Canada. This process- is

‘represented by the-consumer when he enters the energy -~

warketplacc to bargain for a fuel form to satisfy his energy
recds. - S o

The model was used to analyze the past behavior ' -
patterns of crergy consumers and to pr‘jetf some possible’
future scenarios of energy;consumptipn under differing

h&potheses.
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CHAPTER I
INTFCLUCTION

'

Th= Cepartment of Energy, Mines and %esources of the
Caradian»govennment has already clearly stated (8) the n=2e&d
fcr a comprehensive understanding of the dynamics‘of enerqy
sugpply and demand in Canand. Thenicorrectly pcint_iwﬁ that
this understanding nUSt include kncwledge regarding thew
1nteracf10ns th:t the cnergy sector has Ulthln a wide ranga‘
cf ccmplex Caradlar scc1al and €economic structires. From
thié perspective the.Departmenn cf Energy, Mires and

Resources has.propcsed a gualitétive framework cf important

‘factors to be ccn51derrd when Icrmulatlng enorcy

pcllcy (U)l

" The nac%¢51ty cf cledrly specifying a franework and the

’ ccrrcspondlng ccmpcnon s for analysis is well Iecogn;ze&

here. Howevor, the fcllecwing thesis is based cn the

cch1ct10n thatqan equally essential and useful 1ngred1ant

in the analyC1s methcdology is the. uti llzatlon of 'larga-,

ccale'2 mathematical models, partlcularlly in instances such

A3

as energy podlcy formulatlon whers many of tke important

ccxrponentc are aaclly quantlﬁ;ed The functions that 'large-

scaie'fmathomatlcal rodels perfcrm include: .

§ o e s = e = . i e = S o it

1'csee figure I.1

‘2 large-scale mod2ls are defined hnra as multlple,'open

syctcm mcdels,
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- Since it is a relatively simple task ‘
to divide large-9cale mathematical
models intc suk-components, these mcdels
tfacilitate easier ccmpcnent by comporent
analysis within the framework of a Lroad
perspective,

~ ~ The quantifigation of variables

’ required by mathematical models produces
more ccncise definitions of abstract -
mental ccngkpts, : ‘
- The quantitative results produced ty
large-scale mathematical models yield an
understanding of the relative importance
of jinterrelated factors and the impacts
that input changes may cause.
= Irn the particular case of enerqgy
Fclicy analysis, it is vital that the
available information concerning futtre
expected quantities such as €nergy
supplies, demand and prices be as
quantitatively accurate as possible.

xr

Therefore, the primary.cbjeétives of this ‘thesis are to
expand the 'infcrmaticn kase required to formulate energy
Fclicy ard tc illustrate the use of 'large-scale!

mathematical mcdels as valuaktle tools in this [IoCess.

°

With ;hesé objectives in mind, é mathematical model -
desér@bing the interfuel substitution process in Canada was
'developed. Only the tehavicr of the consumer is depicted in
th}s médel wherein irterfuel substitution refefs‘to the
frccess in wﬁiéh ccnsgmefs'ége engagé@ whén they enter thg
marketplaceltc bargain for eﬁefgy fofms to satisfy their
€Nn€rgy reqﬁirements. This Frocess is a major factor.iﬁ
determinihg'éneigy ccnsumpticn pattefns and must be
‘understood befc;é.;oliéy’decisicns afféctiﬁg.enérgy

consumers can be made.

&



CHAPTER TII

LITEFATURE REVIEW
'
Not.until recently have eccnomiet and gcvernmcnt
gcllcy analysts bacome ccncerned with problemE r~lateA\i3”
interfuel substituticn. This statement is fully supported by

the fact that an insignificant quantlty of llterature on

thlS tOplC was puh11Ched befcre 1970.

Enérgy proﬁlemé in the first halfjof this'century were
greatly snmp11f1ed by the facts that there was generally an
abundant supply of cheag energy and the enV1rcnmental
imfpacts of energy prcjects were relatively small -
Technoloqlcal changes since 1900 have contrlbuted to a
ccntinual exp;ielon and dlvers1f1catlon of the Canadian
energy‘base. In eddition to ooal beiné a vaiuatle €pergy

=curce, these technclogical changes. have resulted in crude

011, n¥tural gqgas, and electrlcwty also belng 1lportant

€nergy fcrms avallable te the ultlmate users of energy 1n,

Canada. Even the prcducers cf electr1c1ty have a wlder;oi//

chcice of prlnary energy forms avallable to-them as a resulr
cf these technologlcal changes. Ihe electr1c1ty producers of
tcday may chogse from hydro,- natural gas/, crude 0il, coal or
ruclear pcwer as prlmary sources of energy for electr1c1ty

'generatlcn . : S | L
¥ | e L

* It was thealntrcductlon of these alternatlve fuel forms

that gav: rise tc the first real occurences of 1nterfue1



" SN N 5 |
competltlon in Canada. How ver, the situation. that existed
until very recently ﬁT’ be described as a "consumer's
market" where energy Froducers were competing with each

“cther for a chare of the markeb\ ThlS rontality still

existed rn 1C68 (9) -

L 4

In the late 1960's the emergemig of env1rcnmental
h

already complex nature

-

cf the 1nterfue; ccmpetitiqn process. Canadians began to

. -

acquire a consciousness,of the--impacts that resource

ccncerns added a new dlmen51on to't

'develoFment(including‘energy resources) -and sutsequent
'consumptzon have cn_cur. natural environment There can be no
‘question that environmental ccncerns have affected the

develcpment and- ccnsumptlcn patterns of energy resogrces.-

! e

.

~_

: . ' 4 . i \’ .
New c1rcumstances since 1972 have fundamentally altered.

the C1tuat10n regardlng energy resources in Canada. It 1s
ncw recogn:zedothat Canada is enterlng a period
characterlzed by the scarc1ty of. lov-cost enercy- There 1is

an 1ncrea51ng“pre sure to re-examine our future energy

regu1rements and tc deflne mcre clearly the criterion tha+ .

S

_Chould be emplcyed in satlsfylng our energy demands.

Included in the decielon criterion there must ke the :,.,

ccnelderatlon cf the technolcglcal restrlctlon s, comparatlve

eff1c1enc1es (19,33) and cocts, g;d the env1rcrmental

1m;actc cf fuel utllizatlon. Manlfestatlons of these new

concerns and-issues are avallable in the form cf recent -

. e

ccnferences and governmernt studles (3,14,15,16,23). N

-
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-ty Samuelson ang Scott (24). That 1s, through the ' N
AN

w

the last decade there have

Despite the fact that i
teen an increasing proliferationhof studies and reports
acddressing the.issues of energy demand and interfuel
suhstftution, the theoretical foundatlons of these endeaVOLq

muct st111 be ccnsidered in their 1nfant stage Gcnzalez"

. e

{9) and rose (<2) have analyzed and dlscussed the
determlnants and the consequences of nterfuel competition
frem the Ferspective’ of classical demand theory as outlined

N

1dent1f1catlcr of the price of fuels and thelr substitute

CQJsumer tastes and consumer 1ncomes, it lS possible to

qualltatlvely trace the 1mpacts that price, taCte or 1nc0me

changes w111 have ¢n the ccnsumptlon of partictlar fuel s,

~their suhstltutes, and their ccrplements,

Impcrtant contrlbutlcns tcwards understandlng the.

utlllzatlon cf energy resources have been made by studles
"apfplying an econcmlc analy51s to the environmental problems

-(€,14) . However, these develcpments_have been'cf a more

cpectrum cf 'recources' and the =pec1f1catlon cf thelr

1nd1v1dual characterlstlcs.

--- In addition, suhstantlal theoretlcal advarces have been

'made through the use of mathematlcal simulatior technlques.

Searl (25) hag descr1bed several energy models whlch have

been developed in the Unlted States. Foell (8) .and Palmedo -

_(18) have demcnstrated how the use of the mathematlcal

" models can gulde the prccess cf energy reseatch and aSSlSt



in policy formulaticn. Although the B hrens (2) modél of .

natural resource utilization does not 1scus§ energy usage

Al

F¢r se, his nodel structure does 1dent1fy, 1n\a yery

aggregated way, the critical factors to be exaArined in the

[

analy51s cf any natural, ncnrenevable resource. On the other

hand, Baughman (1) and Khazzcom (11,12) have Ekcth conducted
studies on very sp%cific, vell-defined aspects of energy
Froblens. Martin Baughman has ccnsfructed a model of the
interrglationShip cf éneréy éupply,.demand and pricé in thg

United .States. His work in th area of interfuel

=uh¢t1tut10n Ly consumers 1s cne\of the first quantltatlve
yapproaches to this subject. Khazzdom 1s currently in the
prccess cf ccnstructing several 1ndependent szngle-equatlon
models of{eneigy demagg\in Camada.‘Thése modeIs describe
sector-by-sector &ehénd for individual energy"sburcés. It is
expected that Khazzocm uilllintérreiate these ucdgls'onCe hé

has constrhcted eduationé“for'ali';he sectors and all the.

energy fcras.

A very d1fferent approach to energy dpmano problems has

et

heen precented tky Ccllins Harren andxgpznlak (5) . They

" consider the'pos51b;llty of'inter-secfér cooperation, rather

than competition; in the.uti;izatioﬁ of fuels. As a result;
they have developéd a scheme for the optimai allocation of

\érude‘oil,’ﬁatural gas, and coal among the‘pouer; plastics

-ané steel industries.

Since the field of energy research withinp its present.
~ecntext ig sc new a literature review is never'cbmplete.

B 0

1
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a

Several times each year new ideas, approaches and results’

are emerging.
This thesis was completed with the understanding that

the above menticned uo:ks constituted the major

centrikutions tc energy demand research thus far.

- —_—



CHAPTER III ~ A

a

GENERAL LESCRIPTION ANL DEVELOPMENT OF THE MODEL

Three basic stages are invclved in develcring a flarge-
scale' mathematical mcdel. In the first stage the
theoretical foundaficns of’tﬂé model are outlined in é
gualitative manner. It is in this stage of model development

that the model assumpticns, levels o;{éggregation, and tte

major variables ;hdﬂtheir interrelationships are identified. /
The second stage of fﬁe.uddel development ceonsists of
éuantifyiné the variable'interrelationshipé in a,;difable
sathematical form.'Finally, in thé third sfage, the Valldlty

cf the ma*hematlcal model is tpsted and the model as it

ex1£ts is either accepted, acceptaed subject to improvepents,-

cr rejected. Although thé .Stages of model develcpment have

been descrlbed as cccurr1ng}1n a single sequentlal process,

(/ o .

these stages are generally rcllcued in a repet;tlve fashlon .
as the mcdpl hullder ccnverges cn a valld model i.e.
'thecry, mathematlcal rnpresentatlon, valldlty, theory,

rathematical representation, etces

The develcpment of the Canadlan Interfuel Substltutlon'

Mcdel will be descrlbed wlth reference to the three stages

ct model develcpment.



T (i.e. natural gas glpeline) or single-fuel conversion

10

A. THECRY .

The tasic ccncepts required to understand the economics
ct energy demand and interfuel substitution have already
been outlined and exgandeﬁ_upon by Khazzoom (11) and

\

Eaughman (1). The development cf these fh@OIl€~, as

extensions of the c1a551cal demand theory, originated arourd

1€63 (4) . In crder to save the reader time, a summarized

acccunt cf the theory will be presented here. .

g " . . .
The total demand for energy resources exists in two

furdamental fcrms - captive demand.and free-derand.

Captive demand is that part‘of the total demand which

i= immobilized by Fast commitments. These past commitments

< .
- ;‘/”

Tay include investment in singie-fuel transportation systems

equzpment {i.e. electric =tove). Becauce of thece
ixmmlfments, the ccnsumer is nct in a p051t10n of

ccn51der1ng 1nterfuel substitution.

On the cther hand, frek derand is that pcrtlon of the

~tctal demand vhlch is free from any comm1tment= and may be

satisfied by any numkter of~energy fuel forms qspendlng on

the eccncmlc and techncloglcaI conditions prevailing at the

, _time. Ihe free demand cf any given sector is equal to the _

sum of the replacement demand and 1ncrementa1-demand fp
that. partlcular sectcr. Replacement demand crlglnatgs from

ccnsumers who vere, in the past, commlttod to a partlcular

. fuel, However, these consumers are no longer tled to any one

=,
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-
fuel and they Are now entering the enerqgy marketplace in

search of pecssible Substitute fuels. The oonsumers who

Ay

- possess replacement demand behave as if they were in the
€nergy marketrlace for the f:rst time. That is, they ‘
CChSlder all fuels as po<51b1e substitutes 1nclud1ng the
partlculaz fuel that they utlllzed _prior to nterlngithe.
uarketplace. Increnental demand is that portior cé total
derand made up of pew consumer neede or incremen;al growth
in total demand, Because cf the sensitiwity of tree ‘demand

- -
tc market condltlons, it is cften referred to as the 'market_

sensitive' -demand. !

\
\

\

The ratic cf free demand tc captlve demand for energy
I€sources in Canada has generally been: very small 1n the"
Fast. This 51tuatlon is partly explained by the fact that
'the costs of ccnversion equipment have been relatlvely hlgh
ccmpared to the fuel co=t= As a rasult, consuners have been
coemmitted by larqe 1nvestments tc their particular - \
ccnversxon equ1pment and they are unable or unﬁllllng to
make Spcrtanecus, shert- -range decisions concernlng fuel-
choices.,ﬂowever, it is pcssible that the . ratlc cf freev
vdemand tc cartive demand Hlll 1ncrease in- the fﬁture 1f fnel

Frices eecalate at a faster rate than conver51cn equ1pment"

)

CCsts.

The crlterla that energy consumers with free demand
employ ir corpitting their demand to a partlcular fuel form
are identical tc those 1dent1fied_in classical demand

- thecry. These criteria ccnsist of a relative ccmparison of

A4
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*

lfpel prices and the prices of their complements (i.e. fuel-
ccnsuminq appliances) and a consideration‘of the non-
eccnomic.requirements (i.e. tastes) of the consumer.‘A
contemporary eiample of the effects “that changing tastes iay
hgve on the gnterfuel sqbstitqtion process is the rise of.
envilonmental ccncerns producing demands for cleanef enérgy
fcrms. In add1t10n, it muvt be remembered that ccnsupg£§ ay

diminish thelr free demand, and hence thelr tctal gemand,
M\for energy fuels by substituting I&bour}oricapital for their

requirements. Exauples'bf'this ucuid be the sutétitution:bf

higher quality ipsulation for space‘heating’orithe "

: ‘ - S
substitution of a bicycle for an automobile,

")

This concludes the summary of the basic t}eoretlcal
ccncepte requ1red tc analyze the ~demand for energy and the

1nterfuel Substituticn process.’As the resuits and

>

ccnclu51cns are discussed in later chapter, more detalled

theoretlcal cbcervat10n= will be made.



_‘as primary enerqgy forms since they are co

. . [
A mathematical rodel ‘which 51mu1ates the interfuel

rd

=ubst1tutzon prccecs for energy de mand in Canada has bennl
developed The model with 1ts levels of aggregatlon,

framework, and mathematical ctructure .has been ahopted in

W

ite basic forrm from- the work dcne by Baughman (W\. The only
major structural changes that have been made tc the Baughman

pcdel relate to the nature cf the ‘distribution

multipliers'. The disttfibuticn nultipliereﬁare a set of

mathemat1cal relaticnshigs whlch 51mulate concumer behavxor

w

i the energy marketrlace. These multlpllers determlne uhat

'prcpcrtlcns cf the tctad free denand for energy will be
'satisfied by each of the fuel forms avallable. A more.

o

detailed - descrlptlcn of the distribution multlpllers will be

given later1.

Energy demand in the, mnodel is assumed to afij%'from

fcur sources ;/re51dent1al and commerc1a1 space hegating,. -

————

: 1ndustr1a1 prccess Weatlng, ;ransportatlon,‘and eIeéfr1c1ty

generatlon. In turn, these energy demands are acsumed to be

catlsfled by scme ccnblnatlon of the four. "end uee" energy

fcrms avallable - crude 011, ccal natural gas, énd
electrlclty. Crude 011, coal ‘and natural gasearewreferred to

c : R i
”_erted dxr ct%x—

~.

T D . > T i . e > S~ ——— . o o

1 refer to Appendix P .-~
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. - | | | w,
" ‘ ' ; o
a i ‘ . .
tcrm because it is proadced from primary energy sources such
. ! _— . ’ ' !
as crude cil, ccal, patural gas, uranium and hydro.

]

For conveyience, all energy demands and their
ccrresgonding supplies are treated in the model in their BTU
(Exitish Thirial Unit) equiyalent,fotms. The cchersioh

factors\are greéented in Appendix A. o

Figure III,1 graphically deplcts the model’ wlth 1ts
tcupdaries, levels cf aggregatlcn, and 1nterrelat10nsh1ps of

ariables. »
i

The demand eectcrs fepresented~iﬁ the model, with the
exception of the eiectricity generating .sector, all have
1dent1ca1 mathematlcal structures. The electricity

generatlng sector ulll later ba_ treated separately. Thus,

""""""" “ o

the prlmary ccncumlng sectore (transportatlon, ;e51dene1¢l_

and commercial, and industrial) each have within them three

major suk-ccmponents:

1.(determinéticnvcf sector ffee‘deméndv o

2. calculaticn of disttibution'multipliers

3. determination of current sector demamrd for each

fuel;‘

Q

In the grocess cf simulating the sectors! interfuel

" sukstitution tehavior the model calculates, iﬁ_g seqﬁentiel

fashion, the values ¢f the three sub-components for eache

tire pericd and returns the new values in, preperation for
| - ) T = ) T .
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the calculaticns at th2 next time reriod.

Since the mathematical notation for subscripts, which
is employed in the fcllowing explanations, is'slightly

irreqular it uill now be "briefly 1xpoundpd upcr. Tho

kS

varlable =ubscr1pts are representad by m and n and they
1dent1f& two tasic characteristics of the variatles with
which they are asscciated. The subscript m identifies the

4 , - . . ’ . .
- demand sector (residential-commercial, transpcrtation,

industrial cr electricity generating) which the variable
refers to while the suoscript D identifies the particular

€nerqgy scurce (coal, oil; gas or electricity)~hhich the -

variable refers to.

©

1. EETEE&}@ATION OF SECTOR FREE DEMAND

As«cu*lined in cectlon III A the sector free demand is

ccumposed cf tuc ccmpcnents - replacemeat damand and
/incremental demand. Accordlng to its respectlve components,

sector free demana.(market sensitive degand) may be

d€scribed as follous.‘

SCm(t) = .ICE(t) ¢ BRCm{t) : (III.1)
ILm(t) = EGm x TDm (t) © (III.2)
EDm(t) ='[@CLRID(t) x mDp(t)] . {IT1.3)
“where * ‘m = the demand sectcr in ‘question
' b = the energy fuel in question ©o :

- MSDm = the market n51t1ve demand fcr sector o at

time t. s
D = the incremental domand for sectcr m
'RDmp = the replacement demand for sectcr m.
= the rate of grouth of energy oemand for
sector m - 7 -
TDm = the total €nexgy domand of sectcr m
- BmCLRTIn =_the cormitment liberation rate for

a
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ccnsumers of fuel n in sector Jul
mbDp = the demand for fuol O by sectcr Ji

That is, the market sen51t;ve‘demand of sector n (MDSm)
‘equals the sum of the 1ncrcmenta1 demand (IDm) arnd thtl N

hl

'ireplacemcnt demand (i um) for that sactor.

o

The incremental demand fdr th° total sectcr'(IDm) is
clmply the sector rate of growth (RGm) multlplled by the
tctal sector demand |TDm) in the glven yoar. Fcr each A
'primaryiccnsuming sector the rate of growth (RGm) is an.
€Xxogenous lnput and equal to’ the avarage rate cf grouth that
‘ex1=ted fcr that:sectcr in the’ period 19“5 70 Iherefore,
the lncremental damand for each. prlmary sector is'an’

_ excgenou= 1nput tc the model .
. - - o ;o

" The replacement demand .for sector )] (Rdd) is de;érmlned
ty‘the summaticn of iwp Eroducts of the consumer commltment
likeraticn ratec for fupl n (_CLRTn) and the current
ccncumptlon cf fuel o in s=ctor m (mDn){ The ccncept'of
conmltment llberatlon rates as employodbln *he 'Canadlan\
;rterfuel Substltutlcn Modal' is very broad Since the
nctlon of the c0mm1+ment liberation rate, as uced here, is’
cyncnymods with the rate at -which consumers unlcck past

n

-conmitments tc enter the marketplace; it is okvious that

o - kcs <1ble reasons. fcr unlccklng past commitments would

1nc1ude phy51cal dpprec1atlon of °qu1pﬂ§‘k, eccnomic
beneflts, techncleglcal cbcoleccance and converlence. In th°
model- the corsqigr conmltmert liberation rates (mCLRTn) are

€Xxcgenous 1nput



2. CALCULATICN CF DISTRIBUTION MULTIPLIERS .
4 -

The functlon that the dlstrluutlon multlpllers perform
“in each demand .sector is to determine what fractlon of the;‘
sector's free demand is satisfied by each fuel form in gach

>

tlme period.

m'I_here are several functicnai forms which may‘be used to

"IL€fresent the dlstrlbutlon multlpllers. Regardless of which

furctlonal fcrm 1s accepted there are two general
ccnetrarnts Bhlch muct be satlsfled by the distribution

wultlpllers Hlthln each demand sector. First, all.of the-

: dlstrlbutlon'multipliers must be non-hegative and secondly,w

the sum cf all the dlstrlbutlon multlpllers within any glven

~demand Sector pust. egual 1.0 for every tlme perlod

Only twc functlonal fcrms for . the dlstrlbctlon~‘
'multlpllers ¥ill be dlecuesed here. These two Eorms will” be
referred to ae the Baughman functlonal form and the -
Mcdlfled Khazzccm functlcnal form. ‘The attempte to derlvei

distribution multlpllers tfor the Canadlan Interfuel

.cuhstltutlcn Mcdel aesumed that these functlone were

<tr1ctly econcmlc functlcns in “that they could adequately be

represented by prlce varlables alone.

Theé%aughman'functicnal fcrml, ‘which was disoarded as

! Martin Eaughman, Eynamic Energy System. Hogglggg_- :

Interfusl Comretition, Report #72-1, Energy Analysis and .
Elanniag Groug, Schccl of Englneerlng, M.T. T., Cambrldge,
Macss. August 1972, p. 63. .

"



‘an acceptable fcrm for the Canadlan Interfuel substitution
"Mcdel 1c Justlfled prlmarlly on the basis. of cne ornits'
characterlstlcs. The distribution multlpllers \ere
constralned by def1n1tlon tc be non-negatlve since = _ .
Eaughman'c furctlons vere represénted by log-linear'
relatlcnshlps. The structure of the Baughman d1=tr1but10n

multlpllerQ for each“gemand sector are as follcve'

in(d) = lA X g P ' S (III.0)
“ﬁhkre_ ln(d) = natural logarithm of d T
- d = n x 1'satrix of distribution multlplrers ! -
h = number of fuel forms available :
- A =nxn matrlx of price coeff1c1ents, all values

are assumed to be constant.
= Dh.x d-ratrix cf fuel prices.

tmf
I

Re- arranglng eguatlcn ‘IIXI.4 yields,\ - ) I .

‘/L \

d-= CEXE (AxD) | R = &
. where € =8 x 1 patrix of constants. | A
- ' EXF(.xP) = expcnent of- (AxP)

';_; In order tc ensure that the sum of the dlctrlbutlon

mnl&lpllere if_1,0, Eaughman d1v1ded the 1n1t1a1 estlmates’//;/)/

by thelr sum for each tlme perlod. Thls, in effect,
- S
F"DCIEaIIZGQ the 1n1t1al estlmate and guarantees that the sum

ct the d1str1but1cn multlpllers wlll be 1. O

- AN -
=

Unfcrtunatelyl the valldlty of the Baugﬁhan functlonal

fcrm, as 1t appllee tc the Canadaln eltuatlon, came under

—

serious questzcnlng after &arameter estlmatlonastudles'uere

. ik
) conducggﬂ/the 51gns of mcst of the estlmated parameters
- were d fferent frew thoee that uere predlcted ty 51mple

eccnomlc theory. In- addltlcn, many of the parameter

! N *-1‘4"

veetlmatee vere found to be 1n51gn1f1cantly d1fferent from

- =



. . ; } "“ . £ .
zerc in a statistical sense, For these reasons it was
decided te¢ reject the Baughman functional form ahd'search

. fex a. mCIG approprlate form, to su1t the Canadlan Interfuel

cuhstltutlcn Hcdel.

The work completed by Khazzcom (11 12) suggests that

fthevlnterfuel decmslcn procees is more accurately deplcted
by a ccmparlson of the relatlve fuel prlces rather than a
ccmparlscn of the absoluto fuel prlces as suggested ‘by
'Eaughman. AS a result of Khachcn s flndlngs an attempt was
made to represent the dlstlbutlon multlpllerc as polynomlal
{unctlcns of the relatlve fuel prlces. Thls functlonal form.
1c referred tc as the Modified- Khazzoom funct1cna1 form. It.
was clear frowm the results~of the 1n1t1a1 paraueter |
estlmates cf the Modlfled Khazzcom functlonal form that the‘
ceC1s1on crlterlon fcr allocatlng free demand was dependent
‘on #more than simply the relatlve prlces of fuelsg In splte
of thls acknowledgement it was dec1ded that a ccmplete .
.spec1flcatlon cf thz dlstrlbutlon multlpllers aould be a -
major undertaklngmwhlch could not be justlfled Blthln the
'*framework of thls the51s. Therefore, attempts were mado to
repxesent the_ ncn~pr1ée varlatlons in the dlstrlbutlon
multlpllers Hlth tlme serles varlables. This approach proved

-successful in most’ cases. . ;.‘ ) e
- - ) ) o : \

ot \
SR LR

Thus, the Modlfled-KhaZZOOm dlstrlbutlon Hultlpllerﬁ
‘for the. Canadlan Interfuel Subetltutlon Model Fossess the

: follonlng general structure'

“/{'
T

. ¢

«



pdp (t) = a0 + al [PRRATIC (t) ] + a2 [PnRATIO(t) ]2

}.

+ a3 [TIMNE] o - art.e)
. where 'gdg(t)'z the dlstrlbutlon multlpller for fuel n in
sector m

ak = estimated parameters of 1ndependent
"variatles.. k =:0,1,2,3. = :
PnRATIO(t) = the rat&c of . the prlce cf fuel n to
. the gecmetric mean of other fuel prices. '
. '_TIME*— time series variable. :

As a recplt of the success achleved in ectlmatlng the

parameters for the. Modlfled Khazzoom funct1ona1 form with

‘the additional tlme series varlables, these d1=tr1butlon

multlpllersl uere accepted for use in the - Canadlan Interfuel

cubstltutlcn Hodel Cne unav01dabln drawback Ef these‘

- functlons was the nece551ty cf 1mp051ng, in an 'art1f1c1al'

Lol /‘

manner, ‘the ncn- negatlve and un1ty constralnts of the
d1=tr1but1cn multlpllers. Ihe non-negatave conetralnt was’ :
=atlsf1ed by equating the value of the dlstrlbutlon

multlpller to elther its 1n1t1a1 estlmate or ze€ro -

‘whichever is larger, The unity constraint was satisfied by -

,;emPIOying the Same ncrmalizing prdcess which Bamghman used.’

| 3.?n£iER:iNAIIom OF CUFRENT SECTOR DEMANL EY EACH FUEL

In the 51mulat10n of the’ prlmary energy demand sectors
?’

the determlnatlon of the current secto%’demand for each fuel

,represents the f1na1 step for any glven tlme per1od Here,

the cumulatlve»results of earller calculatlons are

summarlzed as the 'updated' eetlmates of the cect‘“‘by’*f7

_..-____‘.....-_..__-4.___...

! tefer té Appendix B for complete derlvatlon .cf ‘the .-
_Modefied- —=Khazzocm functicnal form and the correspondlng
statistical results cf parameter estimation. .

21
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[

sector demande tbr each energ& form'are presented.

(.

The structural fcrm'from which these new estimates are

calculated for the primary”energy‘demand sector is as

fcllows:
d[mCn (t) ] S o R
-—=-=-=-= = - [pEDn(t) ] + [mdn(t) x MSDm(t) ] . (I11.7)
where mDn = the demand fcr fuel n Ly sector n .
e DRCN = the replacement demand for fuel n in-
' sector m
ndn = the distribution multiplier fer fuel n in
- sectot m

‘MSDm = the market sensitive demand in sector . m'
"fherefore,~the instantaneous rate of change df demandi
for fuel-n ky cectcr m at time t is equaldto the'repiacement
,demand for fuel n.in sector m subtracted from the proportlon
) cf market sen51t1ve demand uhlch is allocated to fuel n in ..
sector m. Clarlflcatlon of this equatlcn ulll ke glven later‘-
in th1= chapter when a detalled descrlptlon of"’ the e
Res;dent1a1 and.CqmmerCLal demand sector equaticns wiilibee.
'presenteda dy'integratiné-this eguatién'over time it'is
.poes1ble to cttaln the level of demand for fuel! n in eacf‘

.sector m.

U

Thus, the operatlcn cf the model as it 51uu1ates the
1nterfue1 substltutlcn procets cf the prlmary demand sectors
may be summarlzed as follovs. Flrst the value= of the -

fexceenous varlbles,for each‘sectcr.are determlned. The
fedcéenqus variablee are the.total_éectertenergy\demand, rate

cf growth of total sector demand, individual fuel prices'and
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the consumerts commltment llberatlon rate for. each fuel
Hath this 1nfcrmat1cn the model calculates the total markét,

sensitive (free) demand for each'sector- converts this free
. : : \

demand through the dis trlbutlon multlpllers lntc demand for K

Farticular fuel forms and ‘then estlmates the current sector

demand for each fuel.

Houever,fas mentioned earlier,- the electIJC1ty
generatlrg sector is a spec1al cas2 since it ccnsumes o .

.energy, proches energy and has more fuel formc avallable to

it’ than any cther secter. The electr1c1ty\genexat1nq sector
receives, as output frcm the prlmary consumlng sectors, the
tctal and 1ncrementa1 demands for electricity. The .
iquantltles of electr1c1ty produced from hydro and nuclear

.pcwer are given as excganous 1nputs to the model. Hlth thls*i

' .o

1nformat10n tte model is- able tc determlne what proportlon..

cf the free demand is satisfied by fossil fuels. Then, the -f

calculatlcns prcceed in much the same manner ae‘for the -

prlmary ccnsumlng sectors to determlne the electr1c1ty

4

generatlng sector s demand for each -0f- the . fossil fuels.

4

Having ccmplexed a general descrlptlon of the

etructures of the prlmary demand sub-models and the

+

electr1c1ty generatlng sab-mcdel a detailed deecrlptlon of.
--cne of the prlmany-demand sub-models and. the electr1c1ty

generatlrg sub-models wlll now be glven., ' L -

Fot illustrative purposee, the re51dent1a1 .and

—

ccrmercial space heating sub-médel_ulll be listed—and
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. discussed in full detaill. The sub-model listirg qiven'beléw

will be in mathematical notation.

RESIDENTIAL ANL COMMERCIAL DEMANL SUEBE~-MODEL

- The residenti. .nd commercial demandvis modeled as an
bl

- expcnentiyl grcwth prcc e. The rate of changé of the sector
1% A3 SL _

demand is given by

d[ FCB(t) ] .
————————— = RCDEG x RCD(t) (III.8)
at P '
ECL(1945) = .38 _ L (II1.9)
FCLEG = .071 . | . (IIT.10)
' where - RCD = the level cf the residential-ccmmercial
demand initialized at .38 Q's2 fcr the year

1945, . s
RCDGR = rate of growth of RCD modeled at 7.1% per
year in the base case. ..

The rate c¢f change._cf the ccnsumption. of fuel n.in the

. . . . . N
re51dent1alsCCmmerc1q% sector is given by

a[ KCDR (¢) ]

---------- = -RCCQRD(t) + [RCDDE(t) x RCMSD (t)] (I11.17)
dt S ‘ o
“fcr n.= W,X,Y,2 (cdal, gas, cil and electricity
, resgectively) ' -
where RCDp (t) = the level of residential-ccrmercial
: B ccnsumpticn cf fuel n at time t. .
" RCLDpRD(t) = recidential-commercial replacement

oo 3 . demand for fuel n at time t which also equals
' the rate cf decline,of consumption of fuel n
if ncne cf the}marfét'sensitive demand is
supplied by fuel n at time t. ’

RCMSD(t) = residential~ccmmercial market sensitive
. demand at. time t. . o
RCLDp (t) = the residential~ccmmercial demand

distribution factcr multiplying the markest”
sensitive demand for each fuel at time t.

-1 seérﬁppetdix C fcr ccrrlete listinglcf,the mcdel,, -
=2 cne Q ccrrespends tc 1015 BTU's. - °
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. A
o= The initial lewel of consumption for cach of these
fuels is N _
@, Lol . ' .
initial sector demand for coal,

RCDW (1945)

.52 Q's | | . ' (III.13)

RCDX (1945) ,
‘ initial sector damand for natural gas.

RCDY (1945) = ,03 Q's ' o (III.14)

initial sector demand for crude.oil.

06 Q's | . (III.15)
initial sector demand for electricity. -

RCD7Z (1945)

nn

\

The replacement demands are givenwby ©
RCDnRD(t) = RCDn(t) x RCnB : . MIII.16)

for n = ¥,X,Y,Z.
where RCDnRD = .the Eesidential—commercial teplacement
' . demand for fuel . :
kKCnb = the commlitment llberatlon rate for
consumers of fuel n. .
.

) . | '
The residential-commercial marKet sensitive demand-=is

the sum of the incremental demand and replacemént demahds;

it can be w:ittenvas
RCMSD(t) = [RCDRG x RCD(t) ] + ZRCDQRD(t) : (III.17)

‘uhe:e RCHMSD (t) = residentidal~commercial market son51t1va
: demand at ‘time t.

The. di'stribution multipliers are calculéted_in a,tvoi‘
step procédure. First the initial estimates'are conmputed,
then they are norméllzed so thelr sun is equal to unlty.
ThlS is in llne Ulth the assumptlon that total consump*lon

in 2ach qonsumxng'sector 13‘1ne1astlc. First, the estimates

are.gifen by



RCDDn1(t) = and - [anl x PnRATIO(t) ] + [an2 x PnRATIO(t)?Z]

L

+ [an3 x TIHE) ~ (II1.18)
for n. = W,X,Y,7.
where ' RCDDn1 = initial estimate. of the distribution

multiplier, for fuel n at time t,

ank = estimated coefficients for distribution
multiplier of fuel n for k = 0,1,2,3*

PnRATIO(t) = ratio of th2 prica of fuel n to the
geometric mean of the fuel prices of the
other thre2 fuels at time t,

TIME = time in years initializ=2d at 1945,

The sum of these initial estlmates is given by

~

RTOTAL (t) = 3RCDDAI (t) ~ | (III.19)

‘and the normalized distribution multipliers are given by

~

RCDDR(t) = RCPDD1 () / RTOTAL(t) T (II1.20)
for n,\\\,x . Y,2,. S n _ e
" where RCDDn (t) = the normalizea dlstrlbutlon multlpllor

which is used-to allocate the free (market "<
sensitive) demand at time t. A

" Therefore, the ahove are the basic equations for the ;
residential'and”commercial demand sub-nmodel..

ELECTRICITY GENERATING SUB-MODEL

The elec+r1c1ty generating sub-model is q‘lte -similar,

’/

in structure, to that J%st described for the primary
consuming sectors. However, besides generatlng elecﬁrlcity

A}

from the fossii fuels, the model must take.into,account the”
role of th= nuclear -and hydro generatlcn. The;additionale
' electrlcal power generated by nuclear and hydro sources 1n
each tlme period is an exogenous lnput. Therefore, the : ;;;//‘.
quantlty of market sensltlve demand which ~S§$45f1“d.iQL—____

hydro and nuclear sources 1n sach tlme perlod is : ' s

predetermlned. Once. the markef sen51t1ve demand is

' B ) K . - - | N .
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determlned endogenou sly, the quantlty of elcctr1c1ty which
must be generated fron fossil fuels is calculated by
subtracting tho incrcmental hydro and nuclear-generatibn
from the total market senSLtlve demand. Then, the ch01ce of
fossll fuel nmixes is made in thersame manner as in the
primary demand sectors. The market sensitive demand for the,
elecﬂr1c1ty generatlng sector is 51mply the sum of . the
1ncrementaludemand for’ electrlcity of the primary demand

sectors and the replacement demand of the fossil generated

electrlclty. C

The,incremental electricity demand can be written as
s e con

ZDG1(t) = Z(lncrements in electrical consumption'from each
prlmary consumlng sector) (ITI 21)
where ZDG1(t) = the 1ncremental electr1c1ty demand at_
: ~ time t, , .

The fos51l fuel replacement demands-are glven by

ZFRRD {t) = 2Fn(+) x ‘ZFnB . (111 22y

-

for n = w,x;,and Y.

where ~ ZFnRD (t) = thé replacemeht demand in electr1c1ty

for fossil fuel h at time ¢,

- ZFn (t) %z.the gquantity of total electrical output
supplled by fuel'n at time t. :

ZFpB = the commitment liberation rate ror
consumers . of fuel n in the electr1c1ty
generatlng sector, L

~~4‘,"'5,

The fractlonlofvelectrlcal output supplled by nuclear
power i assumed to’ be the same. as the fractlon of total

capac1ty made up of nuclear power. , _— _ -

ZFN(t) [1 0 - FCF(t)] X 20(t)’ e - (III. 23)
where - ZFN( (t) = the el‘gtlcal output produced from
- nuclear ‘generation (Q's/year) at time t.
FCF(t) = the fraction, of capacity ‘made up of

f0551l fuel and hydro plants at time t,
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20 (t) =

28

total nlectrlcal outrut at tlme t.

- The electrlcal output produced- fronm hydro generation

(2FH) is exogeno

function,

%

e

>

ucly ‘fed into thn model via a Dynamo table

.

‘The fossil incrementalldemand is derived by'eubtrgctlng

the increments in ‘nuclear and hydro output from the total

fgrow*h in elecfrlcal output,

ZFFG (t) =

where

znc1(ty -

ZFFG (t) = the
supplied_

ZDG1(t) = the
time t.

AZFN/At =‘ﬁhe

(AZFN(t)/At)

-hls is

growth in ele
by fossil fue

urltten as

- 1AZFH(t)/At)

qirzu)

ctrical output to be

ls at time t,

total growth in electrlcal output at

growth in out

gereﬁatlon.

AZFH/At. = the

generatlon.

put supplled by nuclear‘

growth in output supplled by nydro

The fossil market sensxtlve demand is then the sum or

the f0551l 1ncremental demand and the fossil replacemcnt

demand

'ZFSD(t) =

‘where

It 1s p0551ble that a shift from fossi

hydro or nuclear generatIon may

or —

P

ZFFG(t)VQ’"EZFnRD(tI

ZFSD (t) '= the -
t1m° t.
ZFFG (t)

»

-

=

T

(III 25) !

fOSoll market censnzlve demand at

- the fossil 1ncrementa
ZFnRD(t) = the replacement dema

.a

3

\\n Vgua*lon IIT. 2u would be . negatlve.

The dynamicé‘offtle

.

ot

I demandvat time t,
nd of fusl g'at‘ ’

1 generatlon to-

occur, in whlch caSe ZFFG(t)

v

fossll fuel demands 1n electr1c1ty

=

are nowy given by the oame equatlons as those for the’ Primary

demand qectors.

The,consumption'of,theiprimqry fuels (in Q!

E]

o . z

O

¢

S

s) in

-5
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electnglty genoratlon is easily obtalnad from the mquatlon';
‘o

'n'IOZ(t) = [2FD(t) x HRF(t) ]/ (.0094) , - © (111.26)
fcr n = W,X,Y. '
where nI0? = the consumption of fuel n in the

-elactricity sectcr at time t. :
ZFn(t) = the cutput cf plpctr1c1+y ;rcduced by
. fuel 1 at time t.°-
HRF (t) = the fossil heat rate in millions of BTU's
. Fer kilowatt-hour at time .t. The same heat
. - rates that Baughman used were assumed here.
.6094 = the lossless ccnversion rate. 1nam11110n
- of ETU's per kilowatt~ hour.

This concludes the deécrirtion of the electricity

generatlrg sector. ﬁlthough Cﬁ%y‘Ib3~£EEi§EEfjal commerc1al
[

demard sector and ‘the electr1c1ty genarating sector were
-described in'detail here, a complete listing cf thea.total -

. . 0 . Loy o . .
mcdel is available in Apréfdix Ccr. :
. . o T § .
A

The task cf transformlng the qualltatlve theory of

1nterfu+l =ub=t1tutLon into a correspondlng quantltatlve

<

fcrm is completc. The flnal Ctage in th° develcpmcnt of ‘the

Canadlpn Inte;fuel Substltutlon Model consists of testﬁng

the.validifyvof the mathematical model.

2 e

! the. listing in A;pcndlx C is given in Dyname (21) format.

'ﬂ' ?‘
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The prcﬁlem of validating mathematical mcdels in the

social sciences is very ccmplicated and it has received

v

little attenticn in the past.

First, we must have a clear Understandiné of the-term
'validity!t Mdny,social scientists havo'lmp11c1tl! acceptad

the‘concept cf validity That quates 'valld' with *truer.

° L0
'

When applied to mathematical m dels, this afpprcach has v,

several drawbacks. It is improper to ccnsider these models
in such strong terms as being sither true or false. A social

-

"~ ncdel can never be prcven unconditioda{ly-true. In addition,
tiis apprcach fails tc reccgnize the benefits gained fronm

ccnétructiqg the mcdel bty over-emphasi'zing the final
% . ) .
results.

%,; Probably the most satisfactory definition c¢f. thke ternm
validity in tke ccrntext cf the Canadiah Interiuel
» Substituticn Mcdel is:

A mcdel is valid if it is. usaful for a clearly
- stated purpose. And, for causal descriptive
+ models, a purpose calls for a model which
" describes reality with sufficient accuracy to be
. useful for 1nVestlgat1ng alternative social
- fpoliciesi. .

‘.
’

(yith'this”definition in mind, an outline of the model
v

aiidaticn»prtceduré can be described. Generally speaking,

y

1 Feter k. Sange "scpe Issues in Evaluatlng the vValidity of
fccial System Mcdels", Eroceedings of the Summer Computer
Simdlaticn Ccrnference (Mcn+rea1 1973), P 1116

<
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tuc broad categorlcs cf mcdel testing technlquec exist: the
tects ct who]e mcdel behavior (Macro tpsts) and tests

xelated o] the structural components (Micro tests). Within
\

each catp ory there are several tpsts which may ‘be employed.
. )

An exhaus;lve valldatlon prccedure was nct 1m;1ement9d duo
tc time ccnetrazntc although the tesfs conducted here are

'

ccnsidered suff1c1ent. o y N

MACFC TESTS B o

i. Easic Assumpticns. cf Model Structure

Under this headiﬁg the basic assumptions tnderlying the
rcdel structure are examined and if they are unacceptable
e

the necessary¢changes are made.

ACSUHPTICN Iz Enprgy CONSumer dec151ons can be adequataly

.mcceled uhen the levels ¢f aggregatlon are such that there

exist four nat1cra1 =curce< of. energy domand

~(transportat10n, r€51dent1al and ccmmerélal irdbstriél and

electr1c1ty cennratlcn) uhlch are sa+1sf1ad by four forms of

-

energy fuels (crudc c1l,‘natural gas, coal, andf

electr1c1ty). , , _

‘It.is obvious frcm the historical data that Canadiar
evergy ccnsumptlcn pattern= have varlad wldely from cn@'

gecgraphlc reglon to ~another. Howover, the only concequence

cf this fact is to place llmltaflons on the corc1u51ons and

' recommzndations that may be der;ved from the mcdel.

-

The levels of aggregation'uéed in.the model present no
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ditficnltles fer model validaticn if the inforsation -
€xtracted frcm the mcdel is cn a correspondlng level of
aggregatlon. v )

ASSUMPTICN II: In the model there has been no_exp11c1t
ccr51derat10n cf. the po=51b111tles of technologlcal changes

;wh1ch may 1ntrqduce new fuel forms (i.e. solar ennrgy) or

Lérhaps even’ create Lew demand .sectors. Authough these

, unaccounted posslbllltlee arec. partlcularlly 1mportant for

-

lcng range prcjectlcn they ar°'not ccnsidered to be

-51gn1f1cant fecr the 15 year prOJection span used 1n this

.

study.

MICKC TESTS .

i. Data Ease validation

The data base for the mcdel was double checked in
cearch of possitkle error< and prcblems of inaccuracy or

A,m151nterpretatlcns.

iAlthoggh seyeral_prcblemsvdo.ekfst in the raw data, the
necessary correcticns and adjustnents.uere nade te'make the
dala and the mcdel structnre'comnatible. A full description
ct thlS data Lase and the asscc1ated problene is glven in

Arrendix A.

.'h\



iis Basic Assumptlcns of Structural Components

ASSUMPTICON I- The conmltment liberationlrrates cféconsumers

ar€ €Xogencus inputs 1nto the model and‘they.have‘assumedi
values since no data'are“available"for-these Vaiues.fwith: N

thé_exception cf two cases (IHWE TRHB), these values are '1¢

w-considere& oonstants and +hey have rather small L

'values (<,20) asccrdlng tc 1nt01t1ve Judgement.

)
-l

Generally, it is agreed that the longer a fuel has been

ccnsumed 1n elgn1f1cant quantrtles, the hlgher wlli bo the

3

potentlal conmltment llberatlon rate of consumérs ugung this

.ﬂ;

: fuel.'For this reason, the ccmmltment llberatlcn rates of

[ R
ccal consumerc have been very hlgh whlle those of gas .

consumers are Stlll relatlvely low. ;"

The oommitment'liberaticn rates usedvin the model'are'

helleved o adequately represent past behav1or. However,

problems do arlse Hhen prov1d1ng future expected values of
1 .

these conmltment llberatlcn rates for model prcjections.
ACCGMPIICN II' Ihe fuel, prlces at the productlcn 51tes (coal_
mines,. gasgﬁlelds,‘etc ) are. suff1c1en 1y correlated with -

the retall fuel pr1ce= .§Q that they may be used as_the

prlceQ tbat ccnsumers reCpond to.

Or all- the ascumptlcns made, thls one afpfears to be the

nost;qu stlonable. Large fluctuatlons in retail fuel prices

'ib'

.-..._...—'_'-.-__..--.---_...—_ :

.1 as ‘defined earller, the commltment liberatior rates ‘of
-consumers . refer to ‘the rates at- which c¢onsumers _unlock their
‘rast comnlttmentS‘to partlcular Tuel forms. . . //z’ﬁ

5o,

o

o LT R —
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1

--do ex1st frem one geographlc reglon to another. In addltlon,_
. there are several~caces where 1t is a forelgn fuel prlce :
that consumeré are respondlng to (USA coal 1mpcrte§ to
'Cntarlo _iorelgn crude cil impecrted to Eastern Canada).
~Although thls later pc1nt is 1mrortant uhen examlnlng the'

'determlnantc ct prlce levels and prlce change ’ it 1s much

© less 51gn1f1cant whef examlnlng only tne 1mpact of these

Frices on. demand since the_forelgn fuel and dOIGSthvfuelf

' prices'andlfluctuatiCns have been very~similar since 1945, y

In r:plte of the undeslrablllty of thls assumptlon
f;concernlng fuel prlces, it was made in- ordor tc srmpllfy the
model As long as this 31mp11f1cat10n does not lead to gross

1naccurac1es or mlsuses cf the model it 1s conC1der°d«'

\acceptable. . m{ o | R

ACCUMPTICN TII The nuclear and f05511 t ccnver51on rates
are the<°ame as thcse uced by Baughman (1. Although they
. may . be dlfferent for Canada, the dlfference is assumed to be

negllglhle. i fi -

.

iii. 'Gccdness of Fit' Tests

The area cf model valldatlon whlch‘has recelved thp

mest attentlcn 1n thc past 1= that soc1ated blth 'goodness
cf flt'“tests. It is under thlS headlng that mcdel bu1¥gj¢s
descrlhe, generally in a guantltatlve manner, the accuracy

'ulth which thelr mcdel 1s able to reproduce past data.'

SeVeral quantltatlve tects that perform thlS task have

keen deve10ped lhe 'Canadlan Interfuel Substltutlon Model?

a0
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was subjected to only three of these tests.
. ' —
. ;MEAN PERCENTAGE ERROR - This measure, is simply the mean of
" all the percent,errors that exist between tho actual data
" and the nodel predictions, A problem with this measure
exists in*that'a'doclining‘function‘will.invariably'havé
large percentags errors at its lower values even if the
absolute =rrors remain unchanged. This produces an over-
weighting.of the errors at lower values of a function, The
"mathewmatical form of this measure is : . Co ‘ :

« .

N, MODELm - ACTUALRm|| . ' .
TTTmmwe— e x 106% . (ITI.27)
~I  ACTUALm : . -

s

the number of data qampieapointé{

. N ’. . . i ) e ' ‘_ “~ ‘ :
EYUATION VARIANCE ~ The equation variance is another measure
of the dispersion of the actual data dtout the estimated.
model equation. The mathematical form of this m=2asure is:
\. . - . . . . v

o

S N B S L o o ,
VAR = — | 3(MODELm - ‘ACTUALm)2| 0 T (IIL.28)

s.buhe:elN = the nunber of data samplé points,

There is a tendency, with this statistic, to give more
- weighting to the larger model values since the absolute.
error is likely to be larger there, ‘ IR

R-SQUARED- - Although tiis-test statistic is really
associdted with the Ordinary Least Squades techrniqua of
€stimating parameters for linear equations, it can be
applied outside of this scope with the appropriate ' S
limitations. The purpose of this measure is to indicate what
proportion of the variation of the data about its mean is
described by "the estimated equation. A value of R-Squared =
1.0 would indicate a psrfect model fit while devidtions from
. this value wéuldvindiCate less +han perfect fits. The -
‘mathématical form of this measure is: '

% (HODELm = ACTUALp) 2~

. (ITI.29)

E2 = 1,0 .- Sl m—————— :
S/(ACTUALm - MEANACT) 2
ow) , . ¥

- where N = the nuaber of data sample points. = . ’

HEANACT = mean of the actual data for the period 1945-
The: R-Squared teasure for goodress of fit is less suitable
for rapidly.changinyg, nonlinear {i.e exponential) functiorns
since that' test statistic under these conditions will. tend .
to give an over-optimistic impression of the goodness orf ’
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j?’Slnce it is recognlzed that each of the test statistics
'descrlbed above hak . 1ts can advantages and dlsadvantages, 1t;
is belleved that an accurate measure of the gccdness of fit
wculd be cbtalned by uscmg all:three of these statistics{

The- results of the gccdness of f1t tests are presented

Ll

ceparately fcr the smcothlng functions which were used to

_ =1mulate the €xcgenous data of ths model and ‘the end ogenous

-variables of the mcdel. It is 1mportant to make this’ ‘

N dlstlnctlon wvken one is analyzlng the ~source cf ‘model 4
'errors. In the case of the smoothed excgenous data of the-
mcoel\ tbe gccdness ct fit tests are applled tc those
furctlonc which appear as estlmated tlme series. functloné
1he estlmatlcn error= that exist in: these functlons have -
dlrect eifects cn the flnal resnlts of the model
predlctlops. On. the cther hand, the errors that arise in the
endcgenously determlned varlables are the results of errors ,

in the‘smccthlng functlcns .of" the excgenous data coupled |

-with the 1nab111ty cf the model to fully explaln consumer

hehav1or.

‘Table III.1 and Flgures 11T, 2 - IIT. 3 precent the,

&ecults cf the gocdness cf flt ‘tests for the major smoothlng'

furctlcns of the exogenous data of the model.

Table III.2 and Plgures IITI.4 - IIT. 15’present the

Q
»re<u1ts cf the gccdness of flt tests for the majcr

, endogenouc varlables cf the model.
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At(fhis_point it must be mentioned that ar expliéit
cptimization prccedure was nct used to thain the‘best fit

of the mcdel to the data. Rather, a trial and error approach

was emplcyed tc minimize the errors and‘slight'improvements

H

‘are likely pcssible.

Figures 111.16 - IiI.ZO present the odtput of'the>Base
Case uhich'wasvnct'subjected to goodness of fit tests. The
term 'Eéce Caséffrefers to the results of the rodel

SJmulatlcn fcr the perlod 1945~ 70. o | _ ('

TAELE II1. 1T
\

'Geodness of Fit! Statistics for the Smoothlng Functions of
g the Excgenous. Data in the Model - -

‘Degendent Equation,‘ l Equation » - Equation Mean.

Variable : F2. . " vdriance \‘Pjrcentage Error
RCC 6937 20019 -1 2.67. -
. IHC : «S854 20029 . . . 3.03

IRD - 29150 . .0024 © oy 4.64
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"TABLE IITI.2,

3

. 'Geecdness of Fit' Statistics tor the Ehdogenouc Wariables in

the Model
Cependert - "Egdation Equation Equation Mean
Variable Rz . . Wariance = Percentage Error
. . ,
TPEC . __-%936 .0099  2.84.
TED * -9955 - - .0065 . 1.73
RCLW. - .9513 - . .0003 14.06°,
RCDX . .9957 -0000 . 7.3 -
RCDY .9649 .0024 : 8.13 :
RCDZ . . «S940 .0003 o 4.85
~ IHDW . - ..9u68 .0002 . b.83

IHDX T .9881 . .0003 25.31 *°
IHDY © . = 9456 .0010 1M1.40 -
IHDZ .5821 : .0007 ‘ - 2477
TIRDW L5610 .0006 141402
TRLY <SEug 0039 6. 06
ZFN «8742 ' «0000 L |
ZFHW ‘ - 8507 0010 43,79
ZFX . .643y4 T .0001 . -1
ZFY -~ 7310 : .0001 . 44,76
WD <9719 _ .0026 8. 74
XD, 0 o.89z1 ~ .0007 - 13.95
YD .9816 . .0089 5.48

Zp .$930 . <0013 - T 2,30

1 Heanlngful estimates are. npt avallablo since the
F€rcentage error.is indeterminant for a large. rumber of the
‘sdrgle data pcints. , e o2

-l
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1

(]

Ni;‘ié now believed'that;the model has successfully been
"ﬁeqfnstfafed to be valid aCC‘vding to the deginitioh of
vé%&dity used ‘here. Tc deny that inadequacies exist in tha

mcdel would ge untealistic. The modei-must be understood *
- Qith all Qé its strengths ahd ueaknessess'and any statements
cr cChClugionS'qust.be made in the liéht of the'éépébiliiies
" .¥cf the mcdei. | | | | N

£



d AY‘ﬂé{uAPTER Iv

v
3

In order to exerclse and assess the usefulness of the

;'Canadlan Interfuel Substltntlon updel', a detailed‘ .
rev%al some’ d1VCrse

a.

A<~exam1nat10n of. the model w;ll a‘

aspects ot the energy demand pattern‘%&j Canada, The tirst

phase of th= analysls will 1nvect1gate the hlstorlcal (194 5-

©70) energy demand patterns “in Ganaéa. ThlS ulll con51sq of

8 -
establlshlng some general obse{vatlons concerrlng ‘the

“historical demand’ patterng bespre ploceedlng tcan analysls
. ‘I~,_

of the- prlce elast1c1t1es ot thesf energy demands. In the
second phase of the analy51s some future progectlons will be
-made based .on varlous prlce ‘and commltment llberatlbn rate

—'é&é&arlos. Flnally,'the‘pollcy 1mpllcat10ns of the‘garller

'analy51s'viiu bg outlined, . e 3 f'.”

-\E‘& . - . : .

- ]

. -
> -

v

’mne prlmary demand sector growth rates have been larger

L
o RN CN

in. Canada than the Unlted States for thetperlod 1945 7%

?here are tuo ma]or factors contrlbutlng to Canada s larger
v

——

grow*h rate in energy consump+1on°
o o 1.) The Lanadlan average annual populatch growth

o rate has been slgnlflcantly larger than that for
the USA, It is generally accepted that the total
energy- Consumption of 3 country 1s closely
correlated with 1ts population si

24} The level of Canadian energy consumptlon per
*\!!?Plta has, been lower than that 1611 the USA and *

66

3‘&3&515 AND RESULTS ° L
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A‘"

b — T (1945- 7:) , N )
'Popﬁl!“gon Prlmary Demand Annual = Growth Rate
Growt Sector , — Average Ber cf Annual "
Rate Growth Rates Capita Energy Averaqe Per )
(%ayYear) (%/Year) '~ .. Consumption Caplta Enorgy
o RCD.. IHD TRD (BTUx106) - Consumption
- o e o .~ (%/Year)
- @ ' T
~" Canada 2,26 . 7.16 4,55-3,05  181.2. - 2472 .
usA 1,74 % 3.74 2,487 2,70 21&,7_ ' - 1e 31 L

“encrgy ferust, '”_w ‘ o : : e

growlng at a faster rate. Although a controversial
theory, it has been hypothesized (32) that the
2neérgy consumption per capita in a growing ﬁconomy
follows an 'S¢ <curve over time, eventually ‘

S rcachlng a saturation level. Proponents of this
- theory pPoint to the fact: that the American energy
' consumption ber .capita is growlng at a'decllnlng
rate and they. belleve that it is nearing ’
f@uratlon.‘l Rt
. \- . [
Table IV.1 oogtalns-the éompatatave data of Canadlan
— _;*- 't‘ / , e

and Amerlcan energyﬁconsumpflon patternsu

S TABLE 1v.1.

Grawth Rates of Energy Consump+1on for Canada and USA

- .
.

W;thln the prlmary demand sectors of Canada there have

- _-‘-‘-

Oax1sted 51nce 1945 relatlvely smooth and deflnlte trends b_f

with' regards To,the praferences for partlcular

. PR
. Rt AU
ey L ) . . e

Coal has made a transition_frdﬁ&ﬁelng the most demanded -~

CA o : ST
v

T
13

A . O
! refer to FlguragﬁIv 3\and iv.4, the time-varying fuel
market shares. _ : ' o

K
i,
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O

fuel form in- 1945 to belng the leastﬁ@i&%nded fuel form in
1970. It 1s estlmatedl that in 19&5 coal const1tu+ed SF% of
all the primary energy forms2 utlllzed in Canada. By 197¢(

' the marke* share of coal had declined-to less that 1u%.
Several factors have" contributed to this transition: the
prices of competltlve fuels decllned relatlve to the prlce

of coal; serious transportation and handllng problems

ex1sted v1th coal and env1ronmental concerns dlscriminated

i~

against coal as a 'dirty' fuel, - o -

During the per d 1945455;-the importancé of crude oil
o Q

as.a primary source of enerdy grew wery rapldly. However,
since 1955 the more rapid grouth in: natural qa= consumptlon

hasApreVGnteq crude dil from.rncrea31ng ;ts market share. .
. ' - . B

The electricity generailng sactor has exhlbrsed

sporadlc behav1or 1n the past with regards to its demands

for partlcular fuel torms3 This sector is a publlc utility
in most prov1nces of Canada, The monopollstlc cperation of
the electrlc utllltltes has enabled fhls sector to operate
on a very large scale wlth adherence to long range ' |
Ob]GCthES and plannlng. As a result, the followlug

characterlstlcs may be attrlbuted to the electr1c1ty

/

generatlng sector:'

1. ) Based on'ehvironmental tachnical, and cost
' con51deratlons, hydro and nuclear generated-

e and

. P
- /

! refer to 'Base-Case! market shares. = iﬁ ' :
2 the primary fuels are coal, natural gas, "crude vil, hydro,
.and nuclear (W,X,Y,H, and N respectively)-.

3 see Flgures IV.1 to IV 3 .electr1c1ty market shares.

>
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kY . ' . I
electr1c1ty can be justified only when operatlng
at full or near-fuilil Capacity, Therefore large-

temporarlly, electr1c1ty producad by the less
-~eft1c1ent fossil plants, s

2.) Because of the attention.given tc¢ long range
objectives, the fossil-consuminglcomponent of this .
sactor is designed for a great deal of . '

. l°x1b111ty. Th2 fossil generating plants ‘of most
brovincial power Systems are able to react on_.a - .
month-to-month basis to changlng market condltlohs
of fossll fuels, - o

Y

'
/ .

The above characterlstlcs explaln a large measure of
the luctuatlng bshavior of the electeruty geneLatlng |
Sector., In splte of 1ts speradlc aud seemlngly random
behav1or the electr1c1ty generathq sector is gradually
‘reduc1ng 1ts hydro rarket sharel ThlS is. necessary in v1eu‘
of the fact that demand ror electr1C1ty is . steadlly growlng

e

whlle thc potentlal for hydro povwer. is nearlng 1ts upper

-

llmlt. Although the lost market share of hydro poser has’
Leen cap ured by foss;l power in the last decade, it s
expected that nuclear powver wlll become a magor source of

AQltCtthdl energy infthe rdear future; .7 : : - -

1scus51on recognlzes that several

© Preferences, These factors 1ncl ~prices -conversion

equlpment COsts, ava*labilit . +echnologlcal ccnstralnts and . - -

convenle ce- of use, Unfortunately, the quantlflcatlon of the

' B

&
roles amd riéftlve 1mpacts ‘that alil these factcrs have in

1 cee Figure Iv.3, electricity'market shares,
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A‘f ~\,

A th tofal dec151on-mak1ng frocess is extremely dlfflcult. In
on of the non-price factors would

fact, a’ mednlngful discuss

requ1re a req10na1 ana1y51s of consumer behavxor.

B.J’I_DEMANQ ELASTICITIES

v

There are prlmarlly tuo characterlstlcs of an’ eﬁ!rgy.

demand sector -which determlne the magnitude of that sector s‘

-

‘.‘.(’

-demand elast1c1ty for any glven fuel, These two'

4 -
charnr_erlstlcs ary

1.) the r:tlo of. free (market senSLtlve) demand
which is satisfied by fuel h to, the total demand
for that fuel, .

2. ). the elast1c1ty of the free degand which is
sat;sfled by fuel n with respect to the relative
price for that fuel. .

e
W,
4.

i T'In the event that the ratio of free demand whlch is

“satisfied by fuel n to the total demand for this fuel is- Q.
'very small for any glven sector, it is v1rtually guaranteed

o that the price. elast1c1ty of total demand for, this fuel wlll
.. by 's&

also*be'small. ThlS 1s true S}nce the base‘demand for any

° .J..'{

fuel is by deflnltlon perfﬁctiy 1nelast1c. However, 1f the
ratio of frae demand to total demand for a fued is 1arge

"then tho price elast1c1ty of the rotal demand for the glven

fuel in this sector is dependent on the elastrc1ty of the

]

free demand which is satlsfled by the partlcular fuel - ln

o questlon. s .. L o
':\f‘&‘»‘* ) . . ) o R

- : . N ) N ) - v » S B
. - B . »
Therefore, in analy21ng the prlce elastlclty of demand o

co

:@a. for each fuel. in each sector, the followlng data will be S

)

"gng

-
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presented for each consumer category ?or the perlod 1945-70:

- ratio of free demand which is satlsfled by fuel n to
total demand for that fuel. ot

- price elast1c1ty of free demand whlch is satlsfled by

each fuel form, _
- price elastic'y_' of"_total demand for each fuei f_o.r'm. '

‘s t

Before presenting the results, the derlvatlon of‘fzj;
elastlclty “uncticns will be dlscussed. The market sens tive

demand whz~h is sa+isfied by any one fuel 1s represented 1n

: the model by the Lollow1ng-funct10n~ . ' ‘.‘, . %L
. mMSDn (t) = gpng(t)-x'gnsn(t) ', o IV
for @ = RCD,IHD, and TRD, :
~'h = W,X,Y, and Z. . . _ .
“if m = ZF (electTicity generatlng sector) o 0
. -then Equation,IV.1 is true for n= W, X andyY.
-~ . RO '
where , mMSDg(t)f= the quantlty of free demand which is-
‘ satlsfled by fuel n in sector'm at time, t.
J . mDDn(t) = ‘the dlstrlbutlon multlpller for fuel n
~. "7 in sector & at time t,
) - mMSD(t) “the total free demand 1n sector m at

.time t, . ,

T

~ iy

From equatlon IVA¥ 1t is p0551ble<mo derlve a. general

expre551on ‘for the elast1c1ty of the £ree demand uh;chlxs_

satlsfled by any glven fuel.

As _a result of the manner in whic T ““.ce variables

. i . . . \‘ N .
enter into the model the price elastici . may be .
J = -

con51dered Hlth respect to ‘two dlfferent prlce functlons —-—

¥ A
elﬁas.th.ty Hlth respect to absolute prlce and - elastlc;,,ty E
- i
ulth respect to relative prlce (prlce ratJO). Prellmlnary
studles of . the elast1c1t1es Hlth respect to absoluté prlcesk

dlscouraged further work ulth thlS approach 51nce them .

L’ . or

e



‘elasticity functlons waere very complex and dlfflcult to

. _’*‘1

manlpulate. In rontrast to this approach
J

Hlth reopect to tbe relatlve tuel prlces are - rather sxmple .

be used here,

and manao«*ble functlons. Therefore,

" the

elast1c1t1es

"

elast1c1ty as 1* wlll

wlll now be deflned as the sen51t1v1+y of

relatlve prlce of that tuel.

. r{‘

fuel n is thus glven by

r[rmsng<t>3 :

]

d{mMSDn(t)] PnRATIO(+)

e o e L e, e o e X ...._—.,——.“____

d[PnRATIO(t)] mMSDn(t)

’

d[ﬂDDn(t} X mMSD (t) ]

d[?gaario(t)i_ .

. where E[mMSDn(t)] = thelelastlclty of

sector m which is! satisfied by

with respect to the rela

fuel p (PnRATIO(t)) at. tlme t.

.8

/ .

-

i

: !”SDB(t)'

rU

consumer demand for a partlcular fuel.to changes if tha A

The elast1c1ty cf free demand uhlch is Satlbfled by

¥

‘PnRATIO(t)

free demand in

I (mMGDn(t))

tive prlce of

-

Since the total market sensrtlve demand ‘'is not —

to:>"

E[ m#SDn(t) ] =

S One example of the general structure of these‘,

R

“a

'dependent on fuel pPrice in the model

1ndustr1al dlsiributlon multi

ZMSD(tj x d[mbDn(f) ]
© d[PRRATIO(t)]

o

*

“ga

~

elast1C1ty functlong,may be’ obtalned by solv1ng the’

‘ W
the relatlve fwel prlce. This has bean donn for

equatlonAIV.Z réduces,

Sy =_v_$]\'

_PRRATIO(t)
X TTTTTm TS (IV.3)
' gMSDQ(t) i

<

.

l”

derlvatlve of. the dlstributlon multlpller wlth respect to—

Pllcr for electr;c;ty.ffheh

,,:ZA,

.

X%

3



"resulting elasticity function is:
T . 1 .

Sllqht varlatlons of tnls struc+ur° ex1qt tor othor‘

- ITGTAL(t) = the sum of ¢

71

i
. , "
R N .
A } R [N -
¢ . ' ' . . N . ’ A ‘
trs ’ . W
P . .

R

i [ITOTAL(*) uszut) ; x &HMbI)(t) 4
oLAL(L)z ' o R

' el B 4

- gpzmuo (t) L o

R T e - et (IV.U)

; [,mnoz*(r) x 1 .»(t)ﬂ '

2

IHMSDZ(*) =" the quantlty .of ﬁreA-wemand in fha -
industrial sector  which lS satisfed by . g "
"electricity at timet. .’ . :

%k 1n1t 1 as+1mate “of .
"all the distribution multipliers for the
industrial sector.. o

, IHDDZ1(t) "the 1n1tial ostlmatgvof tha 1ndu:tr1al

dis 1bu*10n multiplier for clec+r1c1ty. ; -
IHDDZ (t) = the normalized distributiocn multlpller
for alectr1c1ty in ‘¢he industrial sector. £
THMSD(t) = "the total’ tree domand 1n the‘Qndustrlal
s2ctor At time t. .

L0112 = .the’ coefticient of. tha relatlv peice of
electrici'ty -an thz .initial egua*zon for the®r « 4

2lectricity dlStIlbuthH multlpller. - Y

ar TS . ! . N
- L

o

' &

alast1c1t1=q depondlng’on the partlcular form of +he

 d1str1bu+1o1 multlpl%br 1nvolve ' y PN

S

‘Two baSiC‘cha&actéri thS of the hlaSth‘tleS'GéCthe>

o

de«IlbuflOH multlpllars are clear from thevequatlon"‘ . .

?

1 ) the .constant. tnrm in the elast1c1ty functlon
is fundamental in aetcrmlplng the'relative range

0f elasticities that can occurf This constant 1is

he” corrnlgtlon coefficient of the fuel prica _
.ratio in thavlrltlal cquatlon for .the dlstrlbutlon
multkpllorl \ : v oy

“A detailed: quantltatlve analys;s tha.n
elast1c1t1 s’must take into accour the stochast1c~ o
_'na ure of thks corstant term._" - '

1

| . N

yZ}) the,@lastlclxy.oﬁ the~dispributioqimulfiplier,:

\-.

v [

Vo - . T . ! - ) : § -',‘ .
-1 see Appendix B for;\ihe\ estimation results. '

.,—\" ‘ ) - IN .
Sy = . :ii‘_ . , o~ (S
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ot . share of free dapdnd - ~f6f that sector decllnpq.~f»;

flntzrost =d in. are reprcspntad mafhama+1cally by eguaflonsl L

Sutstltutwon Modcl

N A S L
1f3. Glncreases in: §bsolube leue as the fuel maLk»atQ SN Y

This result is ustified on the basis that as, one .
pdrtlcular tueﬂgcaptuneb 1ncr=aq1ngly largear . -
pTOPOLthHS NE the markgt there is a real vac 3* -
1n the numher and extent of 'OftPCt1V°1 competitor+,

uels. Howthr, this feature of e elaét1c1tleo i o
an iny be congidered fron the &dp01nt of =¥

*short “run reeponse%. ' -

It is kncwn by deflnitlon that the base demand for ary.

gyiven fucl 1s perfectly 1nelas*1c. Therefore, we may Aa51ly"..°:

il N '4‘
~

_'obtaln V€ ’l&S*lClty of total demand for fue; noin’ sectorznvﬁy
by mo v yc tpe elast1c1ty'Ym  ﬂemandbsati§fi£d by fueif
n o in’sge oy Ma- ThlS 1s done by ylng the eléSt1c1ty of C s
t ‘9..', ! & ¢.4‘ ¢ - ; ' { kY o R ‘; ,
t'rg‘e,dg.' d b ho« ratlo of gree daman -%sfle‘d by &; 2; o
nto;bheﬁﬁotal d . nd for fusl B- f F "
AR BN d[mmson(ty] . FnRAmIO(t) ' MbDn(t) S o
.'Tfmdn(t)] R i X T (15.,), ;ﬂu s
SwE ud[anAL C(g)]‘. mMSDn(t)»; - ndn ('t) . _
SR | ) (I | f._ ;&\,Q  -
. R m"lSD(t) X d[mDDp(t)J PnRATIO(t) o @
A i n e X mmmmeom——e T (@V.e) %
*  A[PnRATIO(t) ] - ‘mdp(r)y . v -
o : ' I v , SRS

<,

Thus, the tuo elast1¢1ty functloh" 1n whlcn we are

‘

l

4 (8
.

‘IV.B-and‘IV.b. Equdtlon IV 3 determines thé elastiéity of

»

’fﬁgi}?éé‘demand‘whiqh iskigfisfied by fué; g'in sector m}.‘

v

Equation 1Iv.é detgrmlnes the.élasticity ¥ thp ‘total damand

§;"- . : oot P’ S -
fer fuel 1h sector m. : o Sy

NI

‘ . 1.\\ : T e Y . : . » I_ ‘- .'3'.:
~These élasticity.funct¢ons wlll now be, dlccussag in . ‘

regatdé-to the demand sactors of the Canadlan Inte rf el

. - .



.. RESIDENTIAL AND CBMMERCIAL SECTORt = = . o o

-y . —_ © ) - . a A3
. . .

‘Coal demand 1n thls sector has been, simce 1945, much-
. oY .

. more xensltlve to ‘price changes thap.. the demand for any
v ] '
" ofher fuwei. ThlS tact, coupled wlth the decllxlng S

e

- in@qldentlal commer01al coal market §ﬁhre, résulte in the :

k)
elast1c1fy QL free dem&hd whlch 1s satlsf1=d %ﬂ coal heiny

L., Iy

# f.
- ~t¢gnlarqe§f of ail tgﬁ demand :lasflCltleo in thlS sector. b
T G ‘
jheﬁﬁlasﬂﬁatty of the- frce demand Hku_ch i's satlbfred by ioal

'm"a,‘l%". LN

PR contln@es-gﬁﬁlncrease;as the coal market share of free /u 'ﬁ;l

‘71

a

. S - S Ry
A demand dﬁgl@nes. ot ‘: v - ' ‘Vﬁ
& ‘.D' BN » & 6 - . T .« -t "w ,,1" " e s ) "
v, As theﬁgbal consumers in-the resrdentlal ccmmerc1al ' o
~‘ﬁ‘.t. v d . \\)‘L '.:'S‘L."&\q .
L sector becln to substltute Qxher ruels tor coal thers is a -, T
f?‘ ‘t L} J o
" 4 . ..x. 9

\-,‘

',marksd drcllnewln ﬁﬁe ratlo of free demand uhlch is 5;&

»

Fsati sfléd by coal to the total demand for coal Qﬁls trend PR

lnfluencosbihe ebastlclty of toxal demand for coal by e “f,;
. “ . :

© greatly rOduc1ng 1t as combarwd to thp elast1c1ty of tree"" é'w
'demand tor ggal. Desplte this fact tne trends or the

elast1c1t1es of,. total and, free dQMand for coal are

\
.
remarkably 51m11ar. . j
- : . oo . . . ‘
4,

| .
Cruge oil demand 1n the re81dent1al commercmai sector,

‘

hac been completely 1nsenblt1ve to prlce cnange ‘since 1945.

?&’% elastldlty of the free demand vhlch is

Qatlsrled by crude 0il has been zero. Although the ratio of

Y

free demand to total demand fqr crude 011 nas be n’quito

<

. L. -

L4

& i &~ .
dynamlé\51nce 19“5, ‘the ela§t1c1tx, of- the total demand for v

.
-

o. - i o . N . . R . . . o . .
L . C . G et e

N 3 © - ) Y
1 see Figures IV.5 to 5“,8.,*,v» , ot

i) R RY ) P . . . . . -~ - R : CINN Y- B e
T s SO A S RS X e o

e
NN




S 1+ may be of 1nterest tc note at thls tlme the, - )F;'
. _ L . ) B .

—.relatlonshlp betueen the ratlo of free demand to total

o . ’ - L L T ST
. . N TN - ’ )

this fuel is nonetheless zero.

The elastlg%ty of the frce demand committed - to

electrlclty ‘has been Qteadlly decllnlng since 19&5 as, ﬁhc

“Prcportlon of free demand satlsfled by electrmc1ty - oy Q
vy '

1ncreasos. Thc elast1cxty of total demand for elactrlglty ln

» [l

PR, . . .
‘.’, . - u d L4 9
e " ’ - it

A1l other fuelbean thlS ijtor have had re +1Vely

)

1ne)as+1c fuel demands and,_wlth the exceptlor of natural

N

_gas, these' elastlca.ties have beer qulte etable s:.nce 19455 ?

.J-_,- . - . ' _n',

'-%he CCMp&fatlvely %arge elast1c1ty of .total demand for,h

A \’.’

- nafural gas 1s explalned 1n pant»by the large ratlo of, free

¢ddemand o to+al demand that these consumers pocsessed. Thte

L

is pa;;lcuLade true tor the period . 19&5 35 h -

demand for fuel n and the length of tlme in whlch this fuel

-1

- . M.

1 see_FigurevaV.9’to IV.1T;
oA T '

” t
it sector. Hhs generally been low (< 5) since the ratlo ot
A3 M
d iy e,
f“ demand -to ‘total damand for thlS fuel ‘has been omall.
'y . - ) . o ', ) K R '
- {7 ».. - g N o ,"’
g ﬂhe behavhor of, the elast1c1t1es of +Hb demand. for S
. b o ' .
naturar gas, have been very slmllar to that of electrlc;ty. °
>_ R . ) ¢ IR ~L s ] N
Q@WpU§TPIAL bﬁezcu . a“‘ , N R A 3
. R T K - .
ST T R o .
o Y In _the past,;the coal dlstrlnutlon multlpller for the )
. .Q\ . - y‘ . ) ) ‘
~_1ndustr1al@sector hagﬁ&?en ;ndependen* of prlce and hence @5f L
7;&¢ns demand elastLC1t1°s_have been zero. e | -



H

.ﬁ?

3 % W 1ch is generally‘Qpch smaller ‘than 1 0 (i 9"5 ZETi“

-t

N

“y .

has beennconqumed mn the glven sector. Any fuel thCh 15

I3 -
R - [

be1ng coneumed for the flrst time by g bector wlll naturally

rTesult in a very large ratlo ot free demand tc total demand
.8 “

The magnltude of the éemand ratlo ulll depend cn the ra*e at

whica-the given. sector adopts thlS fuel. It'is po<31ble for

the ratlo of free demand to total demand to approach 1.0 1if

‘the tnaw' ‘fuel'is 1ntroductd ap»a rapld rate. Howevég as "

'\)4':

A

‘ the coneumptrcn perlod of a fuel is extended the ratio of
. - . ‘q .

RN

‘i;ee to total demand wlll even ually settle Hlthln a'ran¢e

t ) S L RS Sy
_ TRANSPORTATION SELTOB S R T

B

4transporfa ticn sector has beenﬂvery‘atg

.share of tr“e 3emand dei}anes. A g%ry elml‘

.

thus,”the‘total demand for crude o;l have been very

'__-___a-ae__-e______ .

. _q'r', - » . - L - o s
R S 3 e . . ,

.,As'expected‘ themfree demand fbr coal in’ the
' oo R RS

Lo

*@cregee in absolute value in the

rend.exists'
4 L‘.‘ﬂ. .
for the elaet1c1ty of total demand for coal: _though the

.- , &ae

\magnrtude of elast1c1ty is reduced somewhat due to the

decllnlng ratlo of free demand to tofal demand.

' 3

»

ccompared to coal, the free. demand tor crude 011 and _df
F—y . i... . .

¢« s

‘1ne1astlc in thlS sector. ‘&j}ﬁﬂﬁ

[ v "I
ELEC”RILITY uENEPAmING SECTORZ SR

N

1 se2 Figlres .IV,12 to IVQ16;

" 2_see Tables IVS2 to IV.l, . 'qu' S o

- et

k4 h L . ——

Corg e




This differencéwin behqﬁior is explained pnimarily by the
'eGonoﬁics of hYdto»generation. Hydro generating projacts
tygicallx have large capital costs and low op%rating costs

associated with them. Once thé construcfion of a‘ﬁydro

,Tp%ojecfwis complefed, the economics of the progect dlctate‘

that the plant be brought on-llne at 1ts maximum capac1ty a.,

oo scon anpOgSlblev Thls may even result in reduc1ng fhi/
e N
cutput frem fossil plants to below thelr capac1ty. Tt is a
. - | } S 5
fact that the 1ntroduct10n ot hydro plants in- Varylnq 51zes‘;'

anﬁ at scemlngly random tlme perlods has resulted in a

'“atad elec@rlcdl powar. fh

ﬁ‘ .r)
, ude 011 1natura1 gas, aﬁd
-g‘fiuctuations.

"a,aralyzing the elasticities of demand for fossil

fluctuatlng dcmand for fos51l g

"Aﬁs‘ urn, tth sector S de
Eel g

B éal haV& had~correspan‘

9

7 fuels in this sector; one Common problem must be clarified,
D) o ’ e . . - : \
The“rapid substitution of hydro powér fon fossil power may

rdsult in_ all of the replacemont demand of fossll plants

belng captuted by tht hydfo plants.'Tn addltlon to thlS loss

of fos51l gpneratlng capac1ty, the hydro generatad powor may
o -

T alco ca tur9 some of the base des .su lled by fodsil
P pp

plafts. Thls Hlll force a redgztlon in the utlllzatlon E
) f . %,
rﬁmrqof the fossil capac1ty. In terms of the model thls s1mply
. N TN
mcans that it 1s p0551ble for ‘the pnonortlon of free demand

v,, >

, such conditicns, T ere can'- ’; k meanlrgful economlc

s - . .
katerprctatlon of elast101ty of ,free demand if th1 qudntlty
»
,1s.negat1v 4\1though *he utlllzatlon rate of the base
’ v ]

[ - a




fé sll productlon is reduced thlS reduc@%on 1s lndapendent w o e
of ;any fuel prlce changes. We mnsb oons&der tide elas*1c1ty »I "

» v -
of the total demand™for. f0551l f@els under these condltlons

to be zero.nf L L g et R . -
LYy @ . (- ' - e
3& . . - s L%
It 1s clear frow the. data that the price elastch%y of
- R AR ‘ e
' frce damand for gas has been lfﬁarlably largeruthan the
b

u FINT t I 3

ﬁ?ﬁ? car r gondlng elast1c1g}es tor coal and crude cil in tqe S

Yo - h v \“4 .
' : electrlcmty generatlng sector. The prlce élastlglty
B - %“wh :
demand for natural gas has tended to slowly decTine
relutlve prlce of naturals gas decllnes. Although‘ﬁ%e‘
: o . ’ <.

,relastlcity of frbe demand for crude oil in this secto; ‘has -

.: heen‘vefy small 1t has remalned v1rtually unchanged since ”g\

195¢ Fdr’each fuel the prlce elast1c1tles of total demand

have approached the elastlcltles of: free demand as che '«mew
‘ratios ot fr € demand to tq;al demand nave approachcd 1.0%

t . % ‘ﬁ‘v‘f o v 5
Zf ‘ ~In concluding'phe analysis of’the demand_elastieities,

. . Seme final comments concerning:the results are required, - .

*
)

o Any extrapolatlons 1nto the ruture of the elast1c1t1es

apd thelr trendd must fake 1nto account that tbese o : f;
N . Te Ty - .
elas*1c1t1es apply tc a perlod of tlme when energy costs : 1.

-

?_ﬂ ‘Were-. stale and relatlv&y lew cempared to .other - '

'~_-xccmmod1tmes. Thcse demands that have been perfeéctly

1nelast1c in. the past would 1nev1tably become elastlc 1f the

o

) Acorrespondlng fuel prl’es were to increase relatlve to oth?r’
) & ; . R
; . . ~8

> commodlty prlces. -ver, the short run response of
, K2 e e
< in lastlc consumers to rapld ‘and. drama*lc prlce 1ncreases
- . AN

. s . - .
2 . . . . !
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'“r:":”&‘

g o 4

R

S

Lk

A 51mllar rpcponsa would be dlsplayed by con§umer5\1n the;

£
‘event of a phy51cal dlsruptlon of suppllps of one or more

partlcular fuel forms, - . L -
.\“'I ‘ ' . '

xha”Comm12ment 11berat;on rates in the model have

i ugé'
0a<%dmed t& b% 1ndependant ot fuel price when in fact a

a9

t‘degrue ot»dependunce nay" eJ!Et..Consequently,,it is believed

. §
‘ﬁthatfthm model mﬁy be produc1ng under-estxmatec of the

gguoector tree demands. Tﬁlc éﬁ partlculafly true 1? tlmes of

. Lo o s

'qrayld’prace phanges. These b‘ased estlmatcs Hlll be passed

14

ﬂcn and they w1ll ylold low estlmates of Qbe sector: damand

PN ST . DY
P . . 2

elas*lCl’lDS. S , o .‘ : “
e , v . S

In &évnral caﬁgﬁ the relatlve fuel prices are not the

¥
.only determlnants ot the dlstrlbutlon multlQL&ers. What

then, are tlv2 1mpllcatlons of the non pI1C° factors in

-
/

vregards fo the elast1c1t1e§ of the fuel demand<° InltlallY

&
it mu:t bc recognbz@d that the purposp of elast1c1ty studlps

k]

is to detarmlne to whlch 1nfluepces a varlable is’ sen51tlvo
. 4; . .
and to. quantliy the magnltudO of thls sen51t1v1ty,.

r

‘Therﬁfore,:the elast1c1ty studles of +h° sector demandq are
nct complete until the<var1ables representlng IIME in each *

: equatlon ar2 dlsaqgregatcd lnto ttht ba51c componentq, apd -
the correspondlng elastlcltles estlmated Although this |
'flnal ster has not bebn taken here, the lmportance of the

.TIMF Vérlabﬂﬁs (and probaoly tne related elast1c1tles)

-

,-should not be ove oked.

W
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TABLE IV.2.

X

N

ELASTICITIES OF FRLE DEMAND FOR ELECTRICITY GENERATING

SECTOR
~ YEAR COAL GAS
1945 =ecceen el
1946  ==---eem ool
1947 mmmmmee el
1948 ~-e-ece el
1949 ~-eseea ool
1950 -0.41C9 -0.9300
1951 =0.376C -G.9019
1952 -0,3165 -0, 6831
1953 -0,2515. -0,8607
1954 -0,1741 -(,83590
1955 -0.0836 -0.8062
1956 -0.G408 ,. -0, 7982
1957  -0.9369 -0,7919
1958. -0.0366 =-0,7840
1959 -0,0363 /=0.7745
. £ 1960 -0.0361  -0.7634
1961 -0.0347" -0,7623
1962 -0, qaaz. -0.7816
1963, -0,0319 ,.x0,7593
1964 —ee-e-- , mm————-
1965 -a.osu3; 7502
1966 =—--eoal’ oeaool
1967 fH.2122  -0.8630
- 1968 w-ceeon el
1969 ¢ =eecuma oLl
AST0 cemmeee el
; ‘ .’“
& g- m«.b
B

-y -,

~0.0279

-0,0278 .
-0.0278
-0.0277
-000277
-0.0277.
-0.0278
-Ce 0279

£0.0281

-0,0282
~0.0283
-0.0288
-000292
"00 0297

- -
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FATIO CF FREE UEHAND TO TOTAL DEMAND FOR ELELTRILITY
- GENERATING SECTOR

v

YEAR

1945
1946
1947
1948

1949

1950
1951
1952
1953
1954
1955
1956
1957
1958
»19549
1960
1961
1962
1963
1964
1965
1966
1967
1668
1969
1978

>

TABLE IV.3

- - -

- -

- o -

- i - -

92
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TABLE IV.lU4 .
SECTOR
COAL GAS

-0.1400 0,410
-2.110C -C.3690
-€.,09C0 -0,.3310
FO.12COQ(70.5130
-0.1100, =C. 6420
-C.C63C <0.6890
"=C.32€C =-C.6990
-0.3200 -0.LWuC
-COOZOO -006230
-C 00 200 -O. 595\0
-C.OZOO '0.5900
-000260 -005630
-J3.03C00 -0.6%5¢C
—O|O3CO -c‘7010
-L.C5C¢0 -0.7110
-C021L0 'Oo7u90

-0.0161
-0.0133
-C.019¢C
‘0.0185
-0.0170
-000199
-0.0251
'OOC269

ELIASTICITIEZS OF TOTAL CEMAND FOR ELECTRICITY GENERATING

’

a3
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One major application of quantitative models is making
future projections. Theée projections may be ccnducted in
crder to measure the impact og changes in policy
(controllable)“ varia\les. ‘On thé other hand'," projections may
be made on the basis of expected future behavior of

.d3ancontrollable variables with the objective of determining -
critical areas“gpon which government policy must focﬁs. '
o . o
An infinitg number of projections exist which Eould be
:performed by the *Canadian Interfuel Subétitution Model!
under an equal nuaber ofﬁbypothéses. Some of the interesting
prdjéctions uculdAipclude hypothesized future scenarips of
fuel prices, sector gfoutﬁ ra¥es, comnmitment liberation
,rates, fossil capacity fraction, thé quantityjcf electricity
produéed from hydro, apd numerous combinations of these

s, .
o -+

scenarios, . ‘ v

Hovever, since the prime purposé here is siqply to
demcéStrate possible usés‘of the model, oniy three-key\cases_'
will be dealt with. These three cases will attempt td
measure the implications of two diffg;;;szuture price

scenarios and tuo_difterent cggﬁitment liberatior rate

sé%%arios. The justification for choosing these scenarios

includes: L -

- the sector growth rates are not fundamental to.
- determining the extent or nature of the interfuel

£
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it 4 it\tion process. Therefore, no new insights will

om varying the sSector growth rates,

v
4

-%Gf’ 3;‘?¥%m§p§¢hthe»fossil capacity fraction (FCF) and the
'¥%k- f tity of electricity produced fronm hydro (ZFH) have:
R ’al¥eady been determined for the intermediate time range
A ?(10-15 years) in terms of financial committments. T

- o ~ Radical changes would be required to alter¥these -
programs significantly. '

-~ Canada is currently in a situation of high
uncertainty with regard to future expected fuel, prices
and hence commitment liberation rates. Therefore, a J?
keen interest exists concerning the future reactions to
possible price movements. T

v
1

The time span employed for the projections is fifteen

years. Since the 'Canadian Interfuel Substitution Model!?

" claims to prodﬁce quantitative, é# vell as qualitative
accuracy,,if ﬁas felt that projections to the fear 1985
would proberiy satisfy these claims. |

CASE 1 o o,

. ' o

The CASE 1 Projection is based on Yhe following fﬁture

o

scenarios of the exogenous variables,
1. Primary demand sector growth rates - maintained

equal to those thatAexisted for the period 1945-70.
- : . L3 : .
". 2., fossil capacity fraction (FCF) - based on estimates

by the Department of Energy, Mines and Resourcesi?!2,

3.'Quantity.of electricity produced from hydro (ZFH) -

based. oa esti@ateé by the Departméntfof Energy, Mines

and Resourcest s, : ) L,

- ia

. -~

-1 Depaftment of Energy, Mines and Résoﬂrces An_Energy Policy
for Canada Ottawva Vol. II, pg. 292, ’ :

2 see Figqure 1IV.17.
3 see Figure IV.18,
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- 4. Fuel pricdes - assume that the prlce of 011 and gas

1n 1985 will triple the average price that exlsted in

v

19704, S - - Y

Coal prﬁces will rise significantiy but nct at the same
rate as cil or gas prices,- Electricity prlces will
1ncrease moderatéiy in response to sllghtly hlgher
nuclear generation costs. AHoweve% ‘these rising.
electr1c1ty costs are expected to reach a new and .very
statle gﬁateau shortly after 1985, | .

Se Primary sector consumer coammitament liberation'rates

- maintained at the 1970 values of the Base Case.

The results of the Case 1 frOJGCtlonS are presented 1n

Flgures IV.21 to 1IV,.27. . '
. ’ - oo , ﬁ
: o :

The fuel prlce Scenarios hypothe31zed represent a large -
. \
decllne .in the relatlve price of electrlclty vhile the
relatlve prlces of the fossil fuels remain eftectlvely Co

constant. > B

Althaugh the reCponses of.the r951dent1a1-c0lmerc1;fﬁ\“““f
“sectorz and the electr1c1ty generating sector correspond

Wwith the price ratio changes that occured, it appears that -

"the’ 1ndustr1al sector3 has been domlnated by the behavxor of

v<the varlable TIME (1.e. those factors other than relatlve
‘ ‘

1 see Flgures IV.19 and IV.20 for the pro;ected prices and
price‘ratios, _ ,

2 see Figure 1IV,22, S S
3 see Flgure IV 23. . - ’ .
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o

fuel prlces that affect manket share behavior) in. the
adlctrlbutlon multlpllers. Desplte 1ts louer relative pr1ce
the electricity market share of the 1ndus+rxal sector is

rapidly replaced by natural gas and crude 011 1n thelr

LTS

respectlve orders of 51gn1f1cance. The results of thn Case 2.

Pro;ectrons further disclss. the problem of: the non- prlce L,

factors in the fuel selec ion process,
¢

y

rt, and partlcularlly the -

-

‘The‘transportation~sec

demand forlcrude oil has been, in the Past, very .

o

insensitive to prlce changes. Currently, and in the
foreseeable future there are no effective substltutes for

crude 0il in thlS sector..

The behavror of the, electr1c1ty generatzng sector is
dependent on~the prlmary demand sector requlrenents for

electr1c1ty. Houever. regardless of the behav1or of the

v

prlmary demand sectors, there is a trend in’ the electr1c1ty
generatlng sectcr touards a larger market/share for nuclear

produced electr1c1ty2_ Thls trend exists by spec1f1cat10n of
) ! ) . ~
the exogenous model inputs, . . v

1

See Flgure Iv. 24, ) s
see Plgure Iv.26, x S | o
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CASE 2

This case study adopts the same scenarios as CASE 1
with the‘erception of the fuel price scenarios.

1. Fuel prices - this case extrapolates the 1945-70n

gpelvprrces.asd completely ignores the unstable fuel

price situation of 1973-741,

Theumotivation'of this case study consists of examinino
“the sensitivity of the total interfuel,substitution processf)
to different price scenarios and therehy 1llustrate the
‘degree to vhich the expectatlons of policy analysts Aay vary
as dlfferent prlce‘scenarlos unfold. In other words, d es
the inclusion of the 1973-74 fuel prlce data ‘in the Q)
pro;ectlon process SLgnlflcantly alter the policy analysts*
expectations of the future with regards to energy demand and :
the 1nterfuel substltutlon process; | |

The results of this pro;ectlon are contalned in Flgures

Iv. 30 to IV, 38.

i

Analysis'of the results reveal that tLe variatioh in
'prlce scenarios produces virtually no noticeable changes 1n
the model pro;ectlons. The reason for this- result is due to
t@e fact that the:variable TIHE,-in the distribution o \
\multlpllers, receives an increasing: velghtlng as t1me
progresses. TblS result uould ‘tend to- 1nd1cate that the

prics aen31t1y1ty‘o§ the fuel selectlon process declines

1 see F;gures'IV.ZSZandAIY.ZQ.
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relative to other factors as time increases, In splte of the
fact that these‘nonvprice factors uay be powerful it is not.
logical to expect the demand for a fuel to become
independent of its price, particularily if fuel prlceé

' 1ncrease rapldly relative to Other. comnodlty prices,
Unfortunately, however, there is no real ba51s\fo adjustlng\_f
the coeff1c1ent of the varlable TIME untll thxe varlabl° has

been dlsaggregated and understood in its most basic form.
e
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CASE 3 . ' . S b

»
The egﬁeefs of time-varying commitnent liberation rates
for consumers*first became a point of interest during tne .
_parameter estimation of the equatr;;shf%r the distributionk,"
multipliers, It was discovered that time varying é%mmitnent
llberatlon rates 1mproved the explanatory pover of the
dlstrlbutlon multlpliers, partlcularlly in the case ot

industrial and transportation coa; consumers.,

AV g o :

ﬁence, this case study examines the =ffect of future
increases in the commitment liberationtrates of crude oil

and natural gas consumers. Since natural gas and crude oil

were first 1ntroduced as 51gn1f1cant sources of energy in

‘Canada 1n the mid 1940's, the consumers of the 'pew!' ‘fuels

_ have naturally po=secsed very low commltment liberation

)

wrates in the'past. However, the conversion equipment of the

initial crude 011 and’ natural gas consumers is recently. .
requ1r1ng replacement for the first time., This is manlfested
by 1ncreases 1n the commltment llberatlon rate (market entry

rate) of these consumers. In addltlon, we can expect

sllncreases in the commltment liberation rates of 0il and gas' ’

as\a\gesg}t of 1ncreases in the‘r‘latlve prices of these

fnels.

s

N

Therefore, the hypothe51zed ﬁuture scenarios of the

' commltment llberatlon rates for oil and gas consumers are

given below. : ' ' .5\\\f‘;“_“‘ff.&

—_ Lo T
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) “ .
v‘i. Commitment Liberation ratest
- for the‘residentia%-commercial sector and tne
industrial.sector,~the commitment iiberation rate_ for
natural gas consumers is pro;ected to increase from 10%
per year in 1975 to 20% per Year in 1985 while the - T
comm1tment~11heratlon rate for crude oil consumers is
.projected to increase from 10% per year in 1975 to 30%
per year in 1985, The commitment llberatlon rates for-
‘fossil fuel coensumers in the’ electr1c1ty generating
sector are prOJected to ‘be equal to those for natural
.« gas consumers in the re51dent1al-commerc1al sector. All

\

other commltment llberatlon rates are egual to those in
N .
effect in 1970 in the Base Case. a

| C s

The other exogenous 1nputs assume the values that vere

assigned to them in Case 1.

The‘resultS‘of this projection are-presented in Figures -
IV.45 to IV.53. .

The consequence of increasing the consumer com 1tment
llberatlon rates Ln any sector is to make that secto 's -

\
consumption patterns more responsxve to fuel pr1ce changes, -

0bv1ously, if the commltment liberation rates for'all'the
consumers, 1n a partlcular sector were 100% per year, then
the total sector demand would respond 1nstantaneonsly in .

each time perlod to the. fluctuatlons 1n fuel prlces and to

~—f~’——6fﬁer factors. As a result,‘the_total sector fuel market i

1 ‘see Fig_uresf\~‘1‘v.ﬁ32 to -IV.35,

—— \ T .

R S
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7

e
»

shares uould be egual to the dlstrlbutlon multlplxers

+

vlthout any time delay.
- : . n

One historic example of the tremendous impact that a
variable commitment liberation. rate (regardless of what. -
causes the variation) can produce is the sudden decline in

'coal consumption by the transportatioﬂ;sector after 1950,

Although thegresponses of:the'denand sectors ln the .
projections of CASE 3 follow the expectedltrends,ﬂthe full
‘impact of the;uarianle counmitment liberationﬂrates is once
again not ealized’due‘to the strong influence of the
uarrable'TIM in the distributic multinllers. |

It ‘is 1nterest1ng to note, however, that the results of
thls progectlon are 51m11ar, generally, to the results of
forecasts made by the Department of Energy, Hlnes and
i>Resourcesl and_the Atomic EnergY’of Canada‘Limited.(AECLf2
The pro;ectlons of prlmary and secondary energy consumptlon
by fuel and secondary energy}comsumptlog by sector produced
by the 'Canadlan Interfuel Substltutlon Modelf are very

close to the correspondlng forecasts made by the Department
1 N

of Energy, Mines and Resources. Unfortunately, Jfu 'her A .

comparlsons ape made dlfflcult because of the-use of

@

dlfferent K -BTUO. conver51on constants. Atonlc Energy of

4

1 Department of- Energy, Mines and Resources An Ene_31 Pollcx
- for Canada Ottawa, 1973 pgs. 73-75.

2 E. C., W. Perryman "Canadian Power Reactor Program -
Present and Future" Report #AECL-QZ&S Chalk RlVer (1972)

- PY. 1. . SN

MR

1

%o
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Cahada“Limited forecasts that4by 1985 Canada's nhélear power
B

‘capa01ty ulll ‘be approximately 14 000 MWe.. In CASE 3, the
¢ ‘

model projects that the nuclear power capac1ty of 'Canada

»

wlll be around 13,C00 HHe. 1n#1985.

I'ed
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* The broad interrelated nature of the energy industries
.and their, crucfal 1mportance in an xndustrlal economy compel
the government of Canada to make energy relatedipolicy a top

prlorlty. The ultimate objective of government energy policy
must be to ensure that the energy requlrements of Canadlans

‘ \J

are satisfied on a smooth, contlnuous basis at a minimunm

social and economic cost.. . ' .
' - o ~

For our putpose here 1t is deSLrabke to'con51der energy
pollcy in two facets’% demand pollcy and supply policy.
Cespite their intimate relat;onshlp, the discussion will

concentrate on emergy demand policy. That is,. what are thera
Lr . N
steps»that may be taken by the Federal Government .which

.dlrectly affect energy consumers and satisfy the objectlves‘

of the overall energy pollcy7

1.) In 1970 more than 65% of Canada‘'’s total demand for

l

prlmary energy forms was satlsfled by non- renewable

reSOUrces. This dependence on non-renewable energy
: . L
'sources will 1nev1tably expand until the time u‘i

©a

breeder reactors are technlcally, economlcally ani
env1ronmentally fea51ble. As a consequence of. the
depletlon of these non-renewable energy sources, "there’

will be major 1nterfuel transitions in the future. The

Canadlan govern&égt may assist in making these

.1nterfue1 tran51t10ns less palnful by maklng the
.f‘.. .

dfollowlng 1nﬁprma+1on readily avallable to consumnéf on

&y,

<

a contlnulng basls'

141
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- What are the short-term and long-term expected energy
and conversion equipment coéts’, .

- How secure are the suppllers of various energy- forns?
- What are the physical depreclatlon rates of various
converSLOn equlpment? In‘other vords, how long is a |
consumer“committed ro a particular fuel Hithout an
unexpected loss once he makes necessary capital
‘investument in ccnversioq@ebgfpmenr?

‘- What are the efficiency spe01f1cat10ns and r°lat1ve‘
efficiencies cf conver51on equipment? |

= In what 1nstances and at what cost are caplral

substitutes for energy (iee, insulation) available to

consumars? »

u The exlstence of answers to such queetlons ln ani
acce551b1e form u111 a1d consumers in formulatlng
rational long range Stategles foi energy utilization.
'»Thls.actlon is seen as 'preventi e medicine' and would
be particular- - influential when aimed at consumers

-Wwith free demaunud.

-

2.) . The ECOHOMIC Council of Canada, 1n 1ts latest
2y

Annual Rev1ew (7)), has reccmmended that the government
allow Canadlan energjbprlces to rlse to the level of
#thelr 1n+ernatlonal counterparts. Although higher
”natural gas and crude oil prlces ¥ill achleve the

objectlves»cf conservatlon .and, where. p0551ble, force

the 1nterfuel substltutlon process, such an -
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indiscriminate adjnstment'in prices may not be
consistent .with the goals of satisfying energy demand
at minimumlsocial and economic cost. That is, ‘the same
goals and objectives nay be better.achieved throughnthe
ldentlflcatlon of four basic energy consumlng qroups.
The base demand and the free demand energy consumers
tconstltute two dlStlnCt groups of consumers whlle the
efficient and inefficient energy consnmers form‘two ;' .
more disxinct grouos of conSuners. It is suggested that
significant changes ;n Canada'sltotal‘ene'wv
consumpticn petterns can arise from poiicii“ uhich
single out. -and 1nfluence the free- demand consumers and
‘the 1neff1c1ent consumers., A government pollcy thCh
produces large energy cost increases for eff1c1ent base
demand’ consumers is not justified. Such a pollcy ulll
not alter-tne con&‘@ption patterns of these consumers}
without drastic Side effects. On the other hand
inefficient and free demand consumers v111 exhlblt very -
elastic betav1or with’ respect to energy costs and

alteratlons in. consum@taon patterns vlll be made Hlth

relative ease,
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CHAPTER V

CCNCLUSICNS AND FUFTHER RESEARCH

‘In this study a ureliminarfrmOdel of'the interfuel
,substitutidn frccess in Canada“has been developed.,The
mcdel, as it now exlcts, is referred to as a- prellmlnary "
mcdel bocause the develcpments, to date,’ 51mply ldentlfy the

major factorc cr ccmpcnentc in the 1nterfuel =ubst1tut10n

rrbcess without rzally analy21ng thesefcqmponents in depth..

These critical factcrs in_the Iﬁterfuel substitution

EFrccess are descrited belcw along with gurdellnes for

‘°£urther recearch

{

e : ——
. ‘e

CCPMITMENI LIEERATION RATES = The broad definition that W&s
been employed for the ccnsumer commltment llbetatlon rates_

rakes further analysis of thesefrates very comglex. In any'

" event, ths ccosumer commitment“liberation rates have been

- /

e

clearly. 1dent~f1°d in thls study as the major factors that

are carable cL” aﬁterlng consumer flex1b111ty and

— R N

respon51venes .. 1t lS expected that ‘in addltlon to being -

-

dependent on the relatlvc ErLices of energy fuels, these

conmrtment lireration rates_are also affected by

tecnnqloglcai con51derat10ns (1 e.-lnventlons and

.3 S

1nnovat1cns in ccnver51on ggu1pm;§t) ang - taste However,

further rescarch of the consumer ommltment llteratlon rates

" ‘sheould prcbably ;rcceed cn a drsaggregatod, s€ctor- by-sector

‘% Ty

Do -~

2
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Ce
tasis and even include scme case studies.

ICZRIBUIICN EULTIELIERS AND HELATIVE FUEL PRICES - ‘During

" the development cf the dlstrlbutlon multlpllerc it became'

'_clear that fuel prlces as well as some non- prlce factors

o entered 1nto the consumer's dech51on process. A sxgn’flcant
re=ult of thls study was the flndlng that relative fuel
prlce ” rathcr that absolute fuel prlces, represent the fuel
prlce aspectc 1n the dec151cn4 of free demand allocatlon. In
terns of a nat1cnally aggregated model, the role of fuel '
prlces ‘in the energy consumer dec151on process is not.

ccrsldered a najcr area for further research L

e
./’

IciRIEUTION PULTIFIIERS AND NGN-PRICE FACTORS - Contrary to

. the assumptlcrs made by Eaughman (1), 1t has been found in |

thlS study that the hehav1cr of the . dlstrlbutlcn multlpllers‘
is not adequately deecrlbed by the fuel prlces alone.

' Although the - addltlonal explanatory varlaples in thls study

WEIE represented 51mply 'ty a variable IIME, 1t 1s belleved

thatwghls varlable is a manlfestatlon of other underlylnq

tfactors. It is dlfflcult tc speculate on the fundamental

- determlnants of thGSe ncn-prlce factors. ThlS is an

¥

1mportant area for further research and 1t 1s expected that

~' the results will be 01fferent ftr each dlstrlbutvon

Y

mul 1p11er. Ancther area of 1nterest, whlch was not covéred

1n thls study,'relates to the tlme trends -and 1nteractlons

, cf the~relat1ve welghtlngs of the price and ncn- prlce

,& (kactors in the distributicn rultipliers. ;' _— SR

B
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UTILIZATICN FATE - Khazzccm (ﬁ) hés pcinté\i out that
ccncumerc may employ varlable utlllzatlon rate-. For
example, a ccnsumer Hlth replacement ‘demand may dec1de,
after enterlng the marketplace, not to<satlsfy this demand
”He may prefer to leave hls ccnver51on equ1pment temporarlly
1nact1ve. Unfcrtunately, th1= optlon does not exist. in. ‘the
presenr c‘.*cru’cture of the "Camadzan Interfuel SLbctltutlon
Mcdel"’ Houever, th1= factcr cculd: ea511y be 1ncorporated

intc the n Structure if the determinanfs of variable

‘utilizaticn rate$ were fully understood.

b

EFICE nLASTICITY OF EISTRIBUTION HULTIPLIERS - The dlscovery A

that the price elast1c1t,e= of the fuel demands‘vary

: 1nverse1y_w1th the fuel market shares is not ccwpletely
'understood- To a1d 1n unde standlng thls phencnenon it would -
R o 3 helpful tc flnd other’examples where the przce

elasticities cf cc dity cubstltutes are dependent on thelr

e

relative markef shares.

&>

Suhstantlal credlt must be glven to the methodology of i
large-ccala mathematlcal modellng for a551st1ng in +he
qmalltatlve and quantltatlve 1dent1f1catlon of the majorb
‘factors in the 1nterfuel substltutlon process and thelr
llnterrelatlonehlps. ‘In aodltlon, the model fac111tates_
ccnt1nu1ng work wlthln a&unlform framework Some natural

exten51ons and reétmmendatlons for: future 1nve<t1gat10ns of

‘-the "Canadlar InterfLel Qubstltutlon Model" are'

PR



(1) Development cf a rrice determining_dynemic
‘model . . ' ‘ :

(ii) Develcpment of a dynamic supply'model.’

Beth of (1) and (11) above could be ea51ly adopted from
" .

the work cf Eaughman (1).

.(iii) Further :ecearch 1nto the determlnants of
total and per capita sector demands.

1_(1v) Dlsaggregatlon of the "Canadlan Interfuel
. Sukstituticn Model" to Include' con51derat10n of
o _reglcna; phenonencn 1n Canada.,t

(V) An 1mpcrtant issue thCh has not been properly
address=d in the past relates to the matter of BTU
ccnversicn ccnstants. Slnce these ccnver51on'
factors are dependent upon conversicn equipment
efficiency rates they should . be regularly
reviewed and: updated This seems particularly true
for the KWH-BTU cenversion constants ‘which now
assuse two distinct values, dependlrg cn the’ tlme‘
periou in gquesticn.
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AEPENDIX A

o ' DATA -
This appendlx contaln-= a presentatlon and dlSCUSSlOﬂ of
\

the data upon which the 'Canadaﬁ% Interfuel Subetltutlon

VMcdel' is based. Although the data -were converted to the

\

'ccnmon equ1v11ents of Erlnlsh Thermal Unlts (BTU's) in thﬂ

'ucdel, cnly the data in 1ts crlglnal unlt ll be presented

here. Howevar, the. ccnver51on constants Lied tc convert the
A=Y .
data from its natural unlts 't0 ETU! s will be qlven.

“
.

The Cequence ln whlch the data base will Le presented

and discussed. w111 ;rcceed frem. the fuel prlce data to thp

sector~by-seator demand data- ‘for each fuel forg and flnally

o
P

to the ccnverclon ccrstants, "

-

FUEL PRICE, DATA

The 'Canadian Interfuel Substitution ﬂodei!,uas
ccnstructed at a high levsl of aggregatiOn. It vaS'felt that

the fuel pr1ce= most eas;ly represented and ccrrespondlng to

: thls level of aggregatlcn would be Lhe fuel prlces that

ex;et at the elte of their respectlve productlcn. That 1s,f

“the prlces of 0il and gas would correspond to the 'uell-‘

-heao' Erices and the prlce cf coal. would be the prlce pa i
K. J

" for it at the mine 1te. Unfortunately, the data were not

'

'avallable to calculate the leCe of electr1c1ty 1n thlS Same

'manncr. As a result the prlce of electr1Cﬂty actually

151

4
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'. B . \ - .
represents the average price paid by consumers in Canada.

Tables A.Jlto A.5 ccntain the data required to
calculate the pdrtitulan.fuel pricés;~In order. to translate
~ the fueluéffcéé fﬁtc”cbnstanf dci}ais;tﬁe“ﬁhdlééaie»pricé"
index fcr non-metal;i hinerals‘(1935—39#100)’uas emplbyed; 

.o
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o ’1.
; N - ‘TABLE A.1 :
. ' . COAL PRICES
S R ; A T :
TOTAL CANADIAN o S : o e .
ERCLUCTION OF . VALUE oF - PRICE PRICE
' "~ €OoAL . TO0TAL PRCDUCTION © PER 1T0W . PER TON
YEAR (S.TONS x- 106) ~ (DOLLARS x 106) (CURRENT $) (1935-39 $)
1945 16.-07» o 67. see ) 4,098 - 0 3 599
19467 "q7_.812 - 75.82 - 4,256 . 3.625
184717 - 15,865 . 77.475 - 4.BE2 . 3984
1%48 | q1g.us5 . 106.684 .. , . 5.762 3.-834
19497 1992 o ,11C0.915 S . 5.800 ° /{ 3.664
195¢ - 19.139. _ 110.14 S.784 ) 0 3 494
1951 .18.587 - 10¢.033 - . 5.6 3.454
18520 17,579 L, 111006 S 6l315 3 63
1953 15,4901 o 10z.722 b.460 3.651
.19=§ e 14091y : 96.6 - T gTiag ~ 3.859
195 ds.ers L - 93.579- 6.314 - 3.604.
1956 ‘10-016j c 95.35 . . gl3gn ~ 3.535' 7%
1987 - ¢ 12096 R 9C.282 | - 6.963 . - 3.678 ¢
1S5€ - 11,627 R 80.059 - _ .b.885 - 3.652 - -,
1959 10814 947089 o7 T.046 . 3778 "
1660 - 10,776 .. J4.879 - » 6,948 3.743 7. 7
1561 " 10.33¢ . " 70.181  6.789 3.666 ¢
1962 10.217 - . 69.2 - /.- Ba733 © 3.581-
1963 . o452 - .- 7zZ.082 .. /- 6.863 - 3.637 . -
164 11,219 . 73.013 - 6.5C7 3.409. ..
1965 11.5 B 76.295 . '6.634 Vo 3.462 -
1566 11,18 . 81.80% S 74318 \; 777
1567 11,149 - B€.5 - 3.071 N3 55
1966 - 10,989 53.97. T 4.9 273840
- 1969 10.672 o 50.578" @, 4,739 .>‘_ 2,256
1970 -0 16,604 .+ B6.067 7 5,1€3 - . 2.40%a
1971 . 18,432 . 121.727 . 6.604 . 2,925
1972 20.549 . & 154,151 - 7.388 © - i3 950 %
1973 -~ " Zza.5€0 © 1764979 -8.089° 3.156 .

Y]
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"19&5

“1946

&907

feyg
1949

1950

1951
1652
163
1954
1955
1956
1957

16ce.

1959
1560
1661
1€62

dhseaﬂ

1664
1965
1966
1¢67
1GEE
169
197¢
1671
1¢72
1673

48.412

47.9
£2.657
" 58.€03
60.457
67.822
75.4€1
€8.686
100.6¢€6
120.735
150.772

169.153
220.C07

3137.8Q04
417.323%
522.972
€34.131
894.672
€93.38¢
1134.211
1236.7%¢.

1341.€31. -

1471.738

1696 .68
"1577.€38
2276.579
Zu99.02y -

2513.824
31¢z;u1o

_r l‘b"'
el ARSI

TOTAL- CANADIAN
ERCLUCTION OF
NATURAL GAS

(CU.FI. x 109)

TABLE A.2
NATURAL GAS‘PRiCES
R
VALUE CF

TOTAL PRODUCTION

(DCLLAES x 106)

J

_.\4'

i

¥ .
P 1 2&31 -
" 12.165
-13.43 ‘
15.633- .
17.62 .
S 6 U433 -

7.158 o
9.518 |

10.377.

12,482 r
v 15,089 LT

16.85 .
"2C. 953.j
32.058
3S.609 .
. 5Z.197
6€.422 -
108 641
150.465
145,658
~ 15€.933 -
1780184

B 167.983°0°
yj‘{-ézs.sua N

{503 .

.856.7

342.5479
388.905

i,
A N - .1ecg
%84=1v4

©5

[

,

PRICE PER

1,000 ft.3
(CURRENT §)

PRICE PER.
1,000 ft.3
(1935-39 $)

0218

0.2:54

- 08zE3 . 0.216
0.255 0,197
0. 266" 0,176,
0.1¢2 0.121
0.0¢4 0.057
0.050 0.053"
0.1C7 0.061
0.1¢7 - 0.060

Y L0.1C3 . G.058
“.0.1C0 0.057

0.099 0. 055
0.065, 20,050
0.0¢54 . 0.050
0s094 - 0.050%
0.059 0.053
0.1C7 0.058
0.1z1" 0.06u4 j
0.1517 . 0.079 ¥;
0.128 . - @% 0.067
0.128 %

o 067 .o
068

154
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TOTAL CANADIAN
EECLUCTION OF

.

CEUDE CIL
YEAR (EELS. x 106)
1545 8.433 -
1246 7.5€66 = o
1947 7.662
1948 11.896
¢ 49\ 21.011
1550 28*%
ceq .535
1682 _z§1
1953
1954
1¢55 129 46 o
1956 £171.758 ®
16¢7 181.127 . i
195¢ 164.67¢ ;
1€5¢ 183.€01
1560 189.515
1€61 - 220.816 °
1662 244,195 .
1663 253,162
1564 275.417
1865 2921322
1¢66 326.54u9
1¢67 . ¥51.288
1568 319 19
1665 ' 4i0.99
1970 461,18 °
1074w - 492.739
1972 © 562431
,19W3 643,£68 o
a .

2246.149

N ’
8o
' -‘:_".-..
\ TABLE A.3 -;j'j__
' CRUDE\ CIL ICES., 4
: "\ ‘ﬁ%ﬁ %?';
{
VALUE CF v
TOTAL PRODUCTIOE P~ EREL
(DOLLARS X 106) 4£UE@ENT”$)
13.632 1.50@/»,_
14.589 ©1.875°
16.576 2.544 ¢
37,419 3’1uﬂ‘
61.348 S¢8.
T BUg6 | o ‘~2 9 3
1767 | . 2.4585"
‘143 2.338 -
~sT2C0.6 12.483
S 243.9 2541
. 305.6 /. _ 2.364
L S L06., 6. ? 2.367
453,06 2.504
3¢g.7 2,421
4z201 2.2¢9
- 422, S 2.231
487. 2.2¢8
- BED, ' 2.262
615. " "2.3€2
676./3 2,485
719, 2.U459
786,3 & 2.462
8€6 \ ' 2. U€5
Q37,4 2.470 :
1014, 6 2. U€8 0 T
115?.< “2.507 4
1356.9 "2.754
1570.8 2.7¢3
3,456

155

I3

e o4

L

p,RIc.E‘»"t
BER BARREL. - X

(1936-39-4)7

i

L 1.793

A 4{> ‘,u--
e B

N -
/'"

i 380 ¢ AN

L] “ B
b et
o

11683
1.97F

2,085
©1.837

el

kY

1.445
1.344

1.403

1.435

1.349

1.309 :
12322
1.284 .

1,232

1.202
© 12192
1,196
1.257
1.286
1.283 .
1.271

1

*':i-

'L} -

1.237 "0
1.199 "

1 1.175 -

14162

220
1.196
1.353
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TOTAL CCNSUMPIION.
CF ELECTRICITY

_IN CANADA

(KWH. x 109)

194t -
194€. . -

o 1su7

1548
1549
1950
1651
1952
1953
1654
195¢

19%¢

1957
155¢
- 165¢
1560
1561
1962
1€63
1564

1€6E

C1S6E-

1667
1968
- 1¢69
167¢

1971

1972

6{

34.7
37.5
1.
45,9
43.9
53.459
55.409
64.C23
68.057
71.94

77.cp6

83.59

8;.115

o 93.€858
100.59
106.3202
110.95
1164138
121.51

133.¢49 -
14,168

156.S56
165,812
176,641
189.522
202.337
212.530

231.557

4§

TAELE A.4 °

E' "CTRICITY 'PRICES

TCTAL KEVENUE
"FROM CUSTOMERS
v IN CANADA

. (DOLLARS x 109)

0.215 .

0.2¢6
. 0.20y4
0.257
0.28
0.324
0.375
0.415
0.469

10,506 -

0.549
. C.597
0.64

0.692

0.756

0.805.

0.859
c.so¢

- 0.966

) .963
P.043
“1.131

L T.24e
1.38€ .

1.537
1-716€

1.878

'2.065

‘gﬁ'_ L

-PRICE

PER

KWH.
(CURRENT $)

* 0.006.
0.007
0.6C5

1 0.0C5
0.0C%
0.0C6

1 0.0C6
0.0C6
0006
0.007.

0.0C7,y v -

0.007
0.CC7
0.007
.0.0C7
0.0C7
0.0C7
1 0.007

0.0C7 -

0.0C7

™

-0.007

0.007
0.0C7
0.0C7
0.0c8
0.008
0.cC8
0.6C8

il\

PRICE
PER
KWH. o
(1935-39 )

10.005

0.006
0.004
0.003
0.003
0.003
0.0023
0.003
0.003

- 0.003

0.004
0.007

0.003

0.003
0.004

-0.003"

0.004
0.004
0.004
0.003

0.003

0.003.
0.003

0003
. 0.003

0.003
0.003

0.003

156
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;- TABLE A.5

WHCIESALE PRICE INDEX _.

WHOLECALE‘ ?RICE _
INDEX Fqg,, R
 NCN-NET.PMIuds

YEAR (1935~ 39 = "%ﬂ)w

1945 ,, 1.16u' o
1S4 & 1,174
1987 C 1291
166 _1.508
1649 1.583
1950 wy  @l1.647
1953 .«191.699 .
195%" . 1.738  .°
1953 1.76$
1954. 1.77
195¢% o1.752
© 1956 -~ 1.808
1957 © 1.893
1858 T 1.885
1959  1.865 .
1560 1. 856
~1¢61 1. 852
1962 1.891
1963 ¢ 1.€95
. 1964 1.909"
196¢ 1.516
1966 ° . 1,637
1967 S 1.592
1968 2406
1¢6¢ 2.1
197¢ - 2.158
1971, 2.258
1972 2.1335

1¢73. ' .-du

L) kY

157
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|
The sector-byssectcr demand statistics were difficult

1

tc cbtain cn a unjiform Lasis because of the qhanging-
. ) // . -
classificaticnes in the data.'Ae a result, many ad]ustments

Vere regunred in the publlshed data “in order that 1t would

ccn%orm to the %ata requlrem@ntc of the model. These

ddjustments are cutllnad in the followlng dlSCUSSlonS.

- kS

. L . Tl e - R
m. . .;" : E
" -, K] «’ Co0 Len

- * EYHI ’ '-!4@. o ’
RECIDENT 1AL~ ccritjgézru DEHANE DA'm ,
. i“o ‘,'-'1..— N
3"4‘14 }' ' ;: S \ e "‘,"‘)' i
Th? re51dent1alﬁgcmmercial demand data fcr natural gas

‘(‘T;L' LT

e
(1950~ 70) is equal tc tﬁae““*’s”‘uﬂmf t%etqz*sxdentral d@mand data

and the commcrc1al demand data (28). Slnce the data for the
{‘ .

."

1°U“ Soﬂkime reriod were not avallable, the statls+1cs were ‘ '?5'

dct;a1ned<"~s1mplg extrapclatlonkof the 1950-7C gtatiStics.
oy | . - . . .
The demand data for electricitylwéré obtained in a
uannef'similarbto that fof natural gas. The resident;al-
ccmmerc1a1 dcmand data for electr1c1ty (1950-7C)‘is'th Su@i

»cf the r651dent1al and commer01al &emand data (30). The daya :

~ ) ‘.
. S e, .
e : B

Tho data for. res idential-ccmmércial coal déhand vere

avallable (27) 1n the. de51red fcrm. It was necetsary,

e

5,
houever, to cxtrapolatc the. 1949< 70 data 1n OrGEr to- ob'ca:l.nﬁb

the statlctlcc for the pcrlod 19&5 -49, ' o :i" R
- A . . A v *__‘/.‘f-s .
4Ccmplex problemq were: encoungprad with thé data for‘the
P e
. . f!’ ‘.
IGC1dent1a1-ccnmer ial demand for crude 011. The data for
A

the perlod 19&‘ 62 w}fe avallable (29) in the de¢15§d form.-*

; -
. .

The data for 1Q6 67 were obta%ned‘by adding the separate

o
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&
cla551f1catlcns of re51dent1al demand and commer01al demand

:“fcx coal. Then %he valuec for the period 1963-¢€4 were

o ( } - .
ectlmated by int rpola+1on and the values for the period

1C68 70 were estlmatcd by extrapolatlon.‘

L

Table A.t contains the data as it was used in the

rcdel.. o : T Z A ' ‘ .

’INEUSTRIISL CEMANL LCATA
' ’ P

l
o

There were greater prcblemc encounterad ‘in obtalnlng

e

the data tor the 1ndu¢tr1al demand sactor 1n ltc de51r°d
fczm thar any cther demand Sector, This was part}cularly

o

true for th: coal ang- crude cil consumptlon data.

. fhe‘industriaifﬁemand'data for;natural'gae (28j;£na
'electricity (30) iete‘amailahie'in the p&opef form in *ne
orlglnal sources. It ¥as. necessary 1n boéh cases, however,v_ -
'tc extrapc1a+e the 1°=0 70 data ‘in’ Qrder to obtain
-statlstlcs fer the pericd 1945-50. i |

rrne 1ndu=trlal demand data. (29) for crude cil for the
perlod 106“-10 were acqulred by subtractlng the commer01a1
demand for crude 011 frem the 1ndustr1al commerc1al demand
fcr crude 011 (49). The data for the perlod Q9#5~65 was then
ectlmated extrapolatlng the 1965 =70 data. hemextrapolatlon
‘ue based, to a large extent on the demand trends tha¢
';Ected in other sectcrs fcr crude oil. It was also based on
~the-reccgn1t10n that crude c¢il is a relatlvely 'new' fuel in

A

qCarada.
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if':*’;ja ’ ) Lt

(

For the perlod 1963 70, the 1ndustr1a1 demand for coal
exists in the requ1red fcrm (27). Before this time perlod

elec+r1c1ty generating demand fcr coal and the-indusinia}

. -

denand fcr ccal were clacs1f1ed in one category. THerefore,_
the electrlc utllltles demand (27) for coal/mas subtracted

frem the '1nduetr1a1~e1ectr1c1ty' (27) demand for‘éoal'to

1

cttain the required Ctatistic's for the. perlod 1949 62. The

vunavallable statlst1c= fcr the perlod 19“5-&9 ¥Ere obtalned

.
.

through extrapolatlcn of” the latcr data.

Table A.7 contalns the 1ndu=tr1al demand data as 1t vas

uned 1n the mcdel.'

. £ Sa
¥ 2 . . :
3 ) . N R * r . ‘ B -
. d - . N
. Y= 4 . .

¥

-rﬁﬂEdNSPORTATION"DEmaugngTAA | SRR v

g
.’ Al v\ -t
.. LY

The: tranonrtatlon demand for coal'ex1sted almost - . .

~_Jsolely y:thln the ralluay cub-cector. Consequertly, the.'

rallway demand data for coal (27) was collecte

The trancpcrtatlcn.demand for crude 011 (49) vas
assumed tc con51¢t cf the sum ojékhe read, rall marlne, and
av1atvon dcmands for thlS fuel. Unfortunately, these data f.
were avallable An” the'requlr d fcrm only for the Derlod
1965#76. The remalnder of ‘the- statlst;cs Were cbtalned by

extrapolatlon of the 1905 70 data.‘

- Since -tte trancFortatlon demand for electr1c1ty and

'natural ga= is negllglble,'no attempt was made to collect

-

this data..'

3.

-
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~Tab1e_A.8'conta§ms the transportation demand data as it

was used in the model.

'
FLECTRICITY GENERATING DEMANL DATA
Electr1c1ty ‘is usua]ly con31dored to be generatod by
cne of three brcad categorleS' publlc utllltle ’ prlwate ' ;;. I

b

ut111t1e< and 1hdustr1al establlshmants.

r

%he cnly avallahl— data “for the eloctr1c1ty gcnerd+1hg

:demand seeﬁor,_ulth the nxceptlcn of hydro generatlon, was

&

-'ﬁu the time period 1956 =70. In the case of hydrc genaratlon,

‘the data wcre avallabla fcz the pprlod 19&9-70. As a rosult,

estlmatek of the required data werc obtalned ty o

Iw

ke

extrapoclation wherever necessary.

»d

A1l th= necessary, data’ for this sector are avallable
i

: frcm one’ source (30) and are contained 1n Table A.9.

v

éau‘costsslcN»tonsngIs’, o . R R

' A ‘ v

The EfU'ccnversion factqré are functions which
trarslate the_enefgy qﬁantitieé from their natural units to
BEritish Thermal;Units (EIU's);‘Hitt the~exce§ticn of .
electriCity; these‘fuhctions have been fepresehted.by all
reseaichers cince 1345 as time iﬁvariant canstant;;;

"Houever;'it has been recognized (10) that the
eff1c1ency ‘0f the: electrlcal generatlon E;chssihas been

tteadlly Jmprcvlng. As a rest tlt,. tuo ccnversior - constants
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have arisen. They are ba=éd cn tthestimatnd ccnversion

eff1c1enc1cs of focs1l fuel generatlng plants in the years
195%€ qnd 1568, The 'Canadlan Interfuel Substltttlon Modcl"'

5

htlllzes ‘a KWH=-BTU ccnve151on ccnstant uhlch lleb hetwcenA
the two accerpted valuas but‘ls'much'closer to-the 1968

estimate.

. L

The qﬁfﬁtants, as used- fol the model, are listed in
L e S \ DR =
Tatle A.10 and the units ccrrespcnd to the natural units of

the data . as collected.

-



YFAR -

1945

Ache

1547
1548
1949
1650

1951 .

1952
1953
1954

1955

1556
1927
1658

£g

1960
1961
1562 -
1963 -
1564
196¢

1666
“1¢€67
1¢68
1569

(s

197c-w-—47946.'

L . ;ﬁ§§$: —e
" TAELE A.6
" FESIDENTIAL-COMMERCIAL DEMAND FOE ENERGY ' g
N , "NATURAL CRUDE -
COAL " GAS OIL ELECTRICITY
.TONS x 106)’-(cn FT.x1O9) (BELS.x106) (KWH.x109)
1005+ 18. S 4.711 5.9
10.31" 22, 9.969 6.9
1C.1 26. $ 7164271 8.1 °
S$.8 S 3. 17.034 9.6
‘€. 259 36 - -18.731 10.9
€.06 - 4L0.004 - 24,669 12. 685
£.55 43.Cu%® ©29.786 13.939
Y R N1V T 43,3; " 34,863 16,6405
6.81 . 6.391 38.586 - 17.439
€.554 56.864 ~ 464808 19.618
6.724 68.594 52,862 21.992
633 77,437 61.277 . 24,16
€.51% 2. 218 . 63.17 726,064
£.225 112.94 © 68.108 27.865
S 4.747 L 14z.683 - " 74.003 31.023
4.219. 161.255 77.375 33.029
3.887 ~ wyd 75837 81.341 36.391
3.617 198594 - 8TV9U2 39.816
V3,336 21€.219, 101, 43.916
3.03° i247.101 114, 48.702
2.6CS 2e8.3u8 130.082 53.597
z.187 310.983 . 132.603 - 61.218 ~
1.5C7 338.775 137.206 . £6.2U
© 10533 359.248 14,7 71.932
1.30€ .- 38¢.€85 146. . 78.985
.. 434061 150. - 87.499

163.
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ey

COAL

(S.TONSxX108)

11 .‘9
-11.65 .

11.4°%

Lo 11,3

11.421
11.601

11.714

11.357
11.9€¢€
1C.504

11e322

11.564

1¢.581
9.5€2
€.782

€.386
7.95€

7.673

\7.715

€.081
CE.279
7.543
7.381
€.5¢

EATIE

"3.718

NATURAL
GAS

(CU-FT.x109) (BBLS.x106)

3.
6.
10.
13.
15.
17.897
21.869
22.677
24,284
30.275
4E.6CT
 65.631
75.385
$C.08
139.567
164,234

- 194.803

213.468
235.379
257.402

284,666
' 324.532

359.331

" 406.578

dgu,829

399.057

TAELE A.7

-NINDUSTRIAL'DEMAND FOF ENERGY

CRUDF
OIL

19,113
. 18.780
15.805
18.679
19.035
18.750
°21Jt368
214311
21.2309
. 24.502
r28.877
34.907

35.307
36.287

.. 40.u6L

‘43.459

48.u487
52,166
58.015

59.523
62.534
67.854

74.654

86.6993

Og6.917
108. 638

i/

!

/

ELECTRICITY
(KWH3x 109)

27.
28.5
30.2
32,
34,
35.7F4

39.691.

42.01
44.184
45.523
48,630
51.761
52.583

56.876 = e
- 59.736

66.353

64.354

€5.498"
66.579 °
72.654
77.28

81,546

84.539
86.068
94,435

" 97.02

e

2
e

6y



TABLE A.8

TRANSPORTATION CENAND FOR “ENERGY

_ " CRUDE
. COAL OIL
YEAR = (S.TCNSx106)  (BBLSx106)

945 1Z.084 ' 38.226

1946~ 11.632 37.560
S1S47 . 12033 39.513
' 45.365
49,491
564251,
951 .- 70.145
1952 9.52 . 76.801
1953 ° 8.002 .  83.564
1954 - .33 . 91.579
. 1988 - s.g52 . 103,957
2,1956 5,324 127.992
11557 3.109 134,855
1558 1.658 - "133.795
1959 . 0.874 . 146.443
. 1960 . 0.638° . 152.630
1961 0.466 159.201
1562 . . 0.375 163.951
1963 0.307 - 169.801
1864 0.271  162.450
1S65 . 0.223 154,061
1966 - 0212 171.538
167 S C.T62: 166,824 - 4
1368 0.132 172.963. »
1569 - ' 0.132° ~  [1g7.123 ° -

1970 - 0.138 197.215



TABLE 2.9

 ELECTRICITY FRCDUCED BY PRINARY ENERAY SOURCES (KWH.

YEAR

1945
“1¢S46
1sL”
1943
17un
19
1¢51
1982
1653

1954

19¢8

1556
1557

1¢58 ;

;,  1¢59
1660

S 1¢61

J 1cg2
o 1563

'

- - 1964 -

1665
1566
1£67
1568

U 1¢69.

1570

CCAL

C.607
Ue59
C.662
0.729
y.e-°g
&.245

4.733

4.899
€.1Qz
5.897
4.¢92
1.173
<.C74
1.468

1wz

1.403
2.526
7.251
2 12.182

14532
18,371
17.821

Z1.538

25,704
27.870°

32.975

NATUGR
GAS

0.026,

¢.031

0.043
C.056
Colub

0.590
C.694
0.892
1.401
1<701

1.657

0.56¢
1.081
1,276

1.783

1.565
3.05¢
3.394
3.85¢
3.375

$.572: .
£.875 -
€.250

233

4.794 -
5.768 -

Al CRUDE
OTL

C.C69 .

C0.074
0.094
0.113

0.839

0.599
1.025

1.207.

1.627
1.769
1.617
0.u438
C.585
0.1431

1.Cu8
1.411
1.432
©2.038
3.016

5.111

 7.558"

7.048

0,49y -
0.449

3.236.

'5.803

NUCLEAR HYDRO

O. “
Q.'
0.'
0.

0.
0.
0.

0.

Q.

0.

0.

0.

0o -

0.
0o
0.
0.

- 0.027
0.104
0.169
0.141
0.188
0. 161
0.971

S 0.560

v1.080 -

34,
S 4C.2 .

4,2

42.779
4E.624
51.955
57.024
58.926

- €2.572
6S.478

' 81.408 ©

83,373
9¢.509
S 7 04

166

X 109)

105.883.

103.919 .

" 104.051

10:.832

- 113,334

1172063,

12¢.834
132.747
30,973
145,247
15€.709

o
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. TAELE 3.10

. BTU CONVERSION CONSTANTS!
: R .

.4

EfﬁCéL”‘ SRR o . |
' short tcns cf coal = .026 @

" NATURAL GAS - ° - - s .
1.x 109 cubic feet cf natural gas =-,00107790 -
CFUDE GIL | c
1 x 106 Etarrels of crude oil = .0058 Q
_ELECTRICITY R o
T x 109 kwh. cf electricity = .CC94 @

3

O o e Yo D W iy . e o i, B, Sy .

ot 1.0 ¢=.1x 1015 8TU -

A
‘

187

< e



ATPENDIX B : T
o . & -
PARAMETER EST IPATICN LF DICTRIBUTION MULT]PLIFRJ ' w

g | ).u.‘_.:'; . : . ” . b
Thié"apgendixﬁf _qent%bmhe methodclogy ndwfindlrﬂ

results. ct thc pm‘rﬁﬁiﬁr

4 . . L JET W :
j’nuitlpller pquatlons. f'g T Lo T
o A . . 3 -

o v A . .
?ﬂ Wa .

The’ datd thLh was réqu1red for thd’pd%ametpr

"

NG "

1f§ atlon fon tha,di nmbutlon

v .

‘I

etlmdtlcn CCP:thQd cf the, propqrtzon@%s_fmwsdﬂmand whwch
) F] - N "'Y" "
was saflcflnd by each fual in eacb time porlod In ordér to
fe]

AQacgUire thig data on a Secgor~by 3ectorg%aq1s, it was

P

-ntcéacary fo utlllze the thkorotlcal qtructure cf ;&c
4

'Canadlan Inter£u91 Sub tl utlon Modul' 1n ccn]uaftlor wlfh

i
N ~

thg aqsumptlcrs made Lelatlng tc consumex commztm°n+_ o
' . - 3 . o -
/ lltcratlcn rates. Ihp fnlevlng equa+1cns precenf tho \
. ' SE? LT ¥ i Ry,
:', ocvelokmsn;/cf an equa*;br‘for calculatlng the data for tﬁp
. . Q "
Q

actual dlctrlbutlon mulflpllers. Thls LIOquULE 1s d°gcr1bad
. i
tcr *hc r651dcnt1alﬁccmm@rQ1al secfor but it a;plles oqually
: \ ‘ , i
tc all the demdnd, =ﬂc+or= ' [ LC

1
s

“ . <

Ihe methcdcloay baglnc with tha modal equatlon for .

rGC1dcntlal ccwmcrc1al donand fcr Luel m.- m

RCDm;K“= ECDm J o+ ET*[ RCDmDE JK'

7 - L RLLDQ.J*~RCMSD;JK]¢'I o ;o .(3.11
. . ‘\\ . . . . L ,.“
In olfferentlal ﬁguatlon fcrm this eqﬁggicp bccomaq"

(RCDm). e S SRR

CTTIURT UROmEDE  Germeescmsny . P o
S RS
: ' 168 . | .



. P

: ’ oo A
Qnd radrranglng cquaflon E.~ pr@duces ) e .- ‘0§
o ORI ’"- 1‘%'.\» ) "h . ‘L & o o ‘ ._' *,.;\‘ \:~.‘
l;“__ . (RC[‘E) . . % T " . o | ot ‘n’q,”»*‘ ’ A“" T
T = =~ +RCCODR jg ' ] AU GRS
d:t - "w ‘:.’ v
FCLDp = w-——=—= R e e Y : e
e JERMSE LT T A
i mr ; L o . \h \ . . . .
where . ~x CELm ecldnnglal ccwmercial dlstrnbutlonv » sy ﬁ';
- multlpller ter fuel m. . . ,523
"RCMEL = markst c»ncitlve (frre) de mand for the RCD'
- sector. .
~ : RCDmDR = dccliﬁe rate of RCD dem%nd for fuCl m.
d(CI:m) S T k2
«mmT==—= = rate.of change of RCD demand for fuelgn.
dt . . : - S ﬁ.)._
. ] N . : ). -
) 3 R .. g . R A3 ' C A .
“ v s Y‘ TSR ® . ‘ 9 ‘
' ) Lpllcatlcn of cquat 3 to;the actual data wlll
o ~ . t . ~ - - ’i . R
prcouce the __,‘esire.d.data“fpr_ t,.e. ac’ ,.31§5tr1t‘”30h} Cove
mu}ttpller.. 'gefcré,-fh «f;rht stﬂp im¥obtadining the .
“act vl Q1str1buticn‘MUltdpﬂiers ﬁaC-to<Calculate the f%ﬁe JERRE
- Lo 5 o -
’ demand”ix cékh secter from the ccllected en gy d@mgﬁd @hta. i
- ‘n’g - oyt
o . , . \,’ &, ‘A .
. Al+hcugh ne. groblams exlsted ulth calculatlog : T
9.
S 1rtremrnual“demand Pcrtlcn of the free ‘deman d it was, &?ﬂ' :
o S
recess&%y to use thc Aar1+er abcumptlors rega101ng the
ccrcumer ccmmlumeqt 1 berat.cn rates in order to calculatc
the 'gldcemer deuard pcutlcn cf th free demand. Once the
free damand was calculated,.‘ ecllne nate cf damand for“1¥‘f ;I‘
: or . A ’
-“””‘bh fu~l and»the 1ncr rental demand fbr oach fugi wers '
g .\ xl’- ) . ‘ . P .
ea<11y determlncd : o C ‘\g- S R D
s Takbles E.1 to E 4 ccntaln *he actual d1Ctr*but10n
nultipliers as'calculate . By‘dafinltlon, thece dlstrlbutlon
nultiplieré rust sum to 1.0 for<any glveq time periodA;nd

-:b_ . ) ] .
. individually they car nevar be less than 0.0.

‘<



170
. ¢ ';‘1‘ ~
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From ihe datﬁ

v

ral garametpr ostimat:cns were #z '
e e

’b'performedy tor each <cctc1 as umlng dlfferanj equatlow

ctructures. Only fhp flnal' e‘nlts ‘are ptesen*ed hcro -In . //

the 1nqtancec where rcn- llngar,ctructurcs were acc p ed for ’ f

Ve
]

Ihe dlSt[lqulCn mult lpllerc it uas gedessary to makn - ii~(//
" “"adjuqtments te: the aquatlcn tc’ 1ns%Fe that the1r slopc 1@, | &\'

"f’aiat ev:ry pblnt ncn 5051t1ve. These adjustmentc wére \
”;;jg%?%%gﬁllfwdety arbmt?ar‘ly LhOOSlniha Sl%ghtlygsmaller :i
' F&ic ;i;QZ%H%féﬁhthat uh;ch ylelded a,mlnlmumeﬂcr the ST
dlstrlbkfién ;ultlpllor. From the p01nt on ‘the non 1iﬁear '“#;

- Py

W:curvwvcorg?sgcndlng to tth prlce ragao abstranght lah@ was ;:

PR oo

“PGleled whl o iad .an tQual rmrst dnrlvatlvo fc the Lnltval‘;QQ '
;dnctlon at tha k01rt of 1nter=ectlon Hh;rever thesp‘;  L L
féfggzjsé!mcrts cccgrbd tﬁty Hlli be‘pres~nted wltf tho_ ' &f i% .  .a
?rqm@tordestlmatlcn rcqults. As a rg ult *he cqu§+1ons :VT,';;“E

‘ deccrlbcd belcu fo; thc dletr*butlon mult*pllerc are thosv¥

»

v thCh w:;e uSed 1n the 'Canadlan Int=rinel Subctitution ,

’ Tt T - [ e ) - ’ T
- Model'. ../ S o e "
. | I ) i ) .
o EEQIDENTIALfCCMMERGIAL’ CEC’IQR ) e
v ’ : N .
FCOTH1 = 35.176u - .3u37*PwRA¢Io | -
- L (zes8) (] 073) .. SRR o .
. N \ - : L R . - ‘ . ’ s .‘.
A .01776¥TIME, Rz = .9123 - - S(Boty e o
g P" ’ (-CU]S) ; a o L . Y T, I T

if PXRATIO( 42, . . | :
KGDTXT = 217, 9368 - .USTU¥EXRATIO + .533 6*(PXRATIO)2
Y e .

. (Z.42)y - (.289) 338)
- .+ LCOS3XTIME, R2 =" 7746 e (B.S).
e (- 0G12) S R ] -
e ) . ’ iv, ~(( ' # - ) . - : . é ) ‘ .\' ' . " ] ‘
.‘_.'._”._'___'_‘_'.. _________ n' . Y P '_“"J . . S
1 %Ht technlque uced‘vaf ordirnary loast squa;es. P

.o o P e - @
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{x&q

‘- LY
"jcc=ff*c1 gnt Qf EZRhTIO was ma1nta1n=d at 1ts eg&smated value

B OO L | 171 -

\ \ ’ J;' u}};
W : /| RS S * ' 9
S, K LSS : ~%@
Cif EXRATIQS, Wz, A N
‘REDDX1 = =18, 0343 - .00218% (PXRATTO-, 42y ‘
¢ .CO9IXTINE R E (Be€)--
-.. S id N =
The best es&;ma+eifor t hé equatlon for RCEDY1 vab found
ky- trlal ~and-error and is egual to a constant S8 e
- )
- ,‘ . ' . A R i
RCEDY1 = ;uuA ; - . S e (BT K
| s : . R , . |
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@ . - L

equd&zcn wac‘gccepfo
e

(00% level cf CG#fldSpCE) ekcnpt for the cooff1c1°nt of- “'“

%

e "

EZEATIO i the cquatﬁgi for-ﬁCDDZ1 Deépl*o th1c fact ‘the T

\y/~for USe 1n the mcdcl L, e ,' ‘- ’ " o,

" IHITWT = 3
: (

'if EXPATICK.u0,

C e e L S .- L
INIUSTR}A&TSECTOB_w;f v R L s,

f‘ P . - o~

Since the c0cff1c1an+ cf PHRATIO 1n the éguat’cn fon .

IHEDW1 was not elgnlflcantly dlff:rent from zerc and. Lt

pPes secscd *hc Hrong igl; it waQ ommltted from the °quat10n.
> ‘

s - .C107*TINL RZ = 5657 , (B.9)
) (.c620) ] o IR

]

¢

THDLXT = =26, 8/76 .6519*PXRATIO + .7956*(PXRALIO)2'

(2.839) (.348) ( 393) B e

- o .01z 29*TIME, ! ‘B2 ='.8395 B . ‘Wﬂiﬁ@iox,_;mwaL;MM,
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Q
e LN
[V ? .
if FXRATIO) 40z L
“ Iﬂntxj/c/-27 0111 - L0154 (PXRATIO-.40)
RN P . S
, SRR ,oizg*TImp - R T o (B.11)
JHIOYT = -9.5911 - Lot2seypATIo L ¢ |
: (3 893) (.061) . s . o . ' A
. ‘+'.co=ouwrxmr ; R2 = 1827 . (B
- (.€02) - EURER R
 IHCDZY = 12.9621 - .0112*EZRATIC - . | C
L t6.282) - (. 04&7 s 5 _égw,.,q
- .ooeu*ITML, R2”s 2051 T (Bx13)
| o (e 0013) ".Z'VY;;‘. . N SR \ ot
Althqugh thc Ccpff1c1gﬁés cf PYRATIO and EZR&Q/Q;
; e ! ol ;.4-":""
~’f equatlon tor IHEDYi’and IHDDZﬂ rasppc 1vely wert not “3‘3§?'M
s 5 B R
ngnlflcéhtly dl for¢nx trom zezo, they warc ncf romoved"v S
frem the equatlcns fcr usée 1n'the mo;o g ‘! e
~ , : éy %, ’« ) n - '.
: RS : : -
;%ANS’FCR'{ATI,CN SEC’IOR . T
' . e , & >-
TRTDW1 = u5.5318'--.471e§pynAlro ) _ o |
« o (5.537) . (130), o L L = -5
| : o I o e
t «0Z32*%TIMNE, K2 = ,7782 (B.14y )
» h (‘0928) __'—w: )
TRIDYT = -47.6536 ~ .0077+F¥YFATIC o : A
. (837¢9) . (.095). = . - . : co . LA
e .+ -0248%TINF, 'F2 = _7395 (B.15) R
. < :“‘*‘ T !(.’COH:) . ‘A ‘ - N '. . ~»v - L=
- L"Th‘e coeffipient of“fYRﬁ@‘ﬂbj P talned ;n ‘ths noﬁf:l ‘” 'Yd"E{?-ﬁ
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V
51gn1f1cantly dlffcrent frcm ZeIo at a 90% level of.
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FLECTRICITY GENERAiINQ SECTOF 3
if EWRATICS. 74 | | * |
ZDDH1 = ~16.1374 - 4.9351%PWRATIC + 3. 29’1*(prALIO)%'
(13.876) (3.659) e (3.0,4L
. “ o WCC9S¥TINE, &2 ;-1076u . ]é#f" O (B.16)
- : (- 0073) - : : : - :
TUif EWRATIC>:T4 o R ;I ;
| ZEDH1'='f18.04607 - 0613*(PWRATIO- T4) - .' |
| " .co9ssTINE o (BN

if PXEATIO( 66 ‘ :

v

L ZCDX1 = 1“ 2029 - 1 °510*PXRATIO + 1. U762*(PXBATIO)2

(82566) (1.069) : (L.181) o
P Lo ”G
o -:.OC6C*II ' g1209 '(B.18)
' T (2 COW il o : “
& N o * ‘ ” -
£33 EXFATIO) €€ e ‘
L EBDXT = 13.56uu - .COZ&16*{PXRA”IO- 66)
- _'";‘- ‘ . ) s o ) .
P .C069*TIMF a : . (B.19)
- if FYRATICKS 1. 21 Wh'& e  A. ' Y
. ~ 2DDY1 =..5795 - 710u*PYRAIIo ' o
r L g zgg ! ( 3gz ) . . .
+ .2922*(panTon2,'Ré = L4597 . . (B.20)
| C(e123) : o
Cif pmeATIc>1.21 , | .
N . vy ) ! . T ’ . .'.‘..\.‘ ’v :/b"", . : . t 1 . )
ZLDYT = 14.273 = .00328% (PYRATIO-1. 21) J. - (B.21)

,(j A \

_?{be the primary demand SectorsJit is interestihé T
7'.ncte%that'¢nly the-di tributiftn. multlpller fcr natural gas

responds to the relatlve fue leC° ina non llmnar manner.

Ih1§ has been’ 1nterpr€ted b{ Khazzcom to mean that the

‘\

'ulnfluence of rclatlve price- changas dPCllPPS as the relatlvo

’_,;_L_L‘ﬂ»———-—’.' e .
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¢ CALCULATED DISTRIEUTION Uh:IIFLIERé FOK E FESIDENTIAL-
’t:"' & COFMERCIRT CEMAND SECTPE ' . .
P

9

ax‘“&i’k‘”

, NATURAL -CRUDE oo , o

e "' YEAR CCAL_ "-GAS . @oIL vELECIRICITY o ey
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. ju . . 3 9}-]., [ . ;!

Y
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A7 1047 c.u3 €.0S .,,q,15"v 0.27

C ot 15887 0.42 8.1 - Be22 o .0.26 ¢
1549° 0.34 6.6 o 36 v .26 st

o
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.4 47 71851.7€.08 .05 e C.49, T 0.37,
g 2% 19527 0.26° 0.07 ~ -0.39 1 0.29 .
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< N w0 o954 . .23 0011 0.38 . -0.27" : R
¥ 01955 0015 0.1 .47 S 0.28 R
1956 0.09 "6.19 0.37 0.35 - = '
1957 €.13 . (%2 0.4 - 0.28
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165¢ €.07 C.22 .39 - 0.32 . LT e
1960.40.09 +0.78 ~ 0.36 £ 0.37 3Ly e
1661 .. 05 Ol = Pu35+ . -
1662 ' 0.0 cd%%_ . %5 O F ’
1663 0.03 0. as/‘ 0.33 s
S1C6L - C.C1 co.48l 0 0.3 0
1665 - 0.01 ,0.32 - 0.47, I

o

LI )

.l’\)l\)f\)f’x—)l\)_&_xl\)
--\\OU'\

_ooooé;ooh

" 19¢6  0.01 .21 0,37 » 0.u41" o
T 1¢67 0.0 .2, 0.38 °  Ouu6

i 168 0.C1 .25 33 0.41
1569 m==e --e- scms L eeee L S

1670 j==== ‘em==  laao L m——— Looe
. Lt . e N e 3 5
. > -~
' , S U



TAELF ‘B.2 ‘?\\*\\ el

. ~
LALCULI\’IED DIS'IRIEUTIO[\ MULTIFLIERS FOR THE INDUQTRIAL
: DEMANE SEC.LOR‘ : .

g . .
% 7 'NATUFAL CRUTE RO
.. YEAR CCAL GAS ' OIL ELECTRICITY . R
u; .‘-'“9 S o L ki ‘ 2 ! “M o ..h . ) h -@ -
. g T9W5, 0.31 ,C. ou 0.11. - 0.54 o
'““jﬁ 946 ===k mZo v ¥ —eme
3 1887 wazy v c.ou @ o.2e o.us
- S48 0.37¢ €.03. % 0.12 % 0.53
: ”.‘19u9 0.32 €.04 *+. 0.C9 . 0.5
T 950" Ci23 .04 . g.18 0.55.
e 1951, 0.271770.03. " 0.12  i0.6% ‘&
C . 07, 19527+0.36 €.03 & 0.C9. . ~ 0. 52 -
S ;1953 0408 £.08 % . 0,29 00.55 . 7 N
: ”195% *0.31 G111 - C.1¢ - 0.39 7 oo
1955 0.25  0.11 . -0.25 0339
1956 .24  Ci12 0.16 0.4
1957 © 0.16 - 0.13 . - 0.15 0.56
.‘1958 C.13 G.27 . C.2 0.4 : ,
-.1859 o 15 o 17 S 0.17 0.52 5.
1560 . 0.29 . 0.26 -
ﬁ€61 . 17 Jb 2, 0.24. f\, 0.39
1562 0. 19““0 27 .28 034
1663 . 0.18 0.18 - = 0.15 Y0.497%
1664 0.17 0.2 .. .19 044
. 1965+ 0.08  0.25 0.3 V.u3-
<1666 0,12 0.24° | €.26 . 0.38 " S
- 1567 0205 0.26 0.34 0.35 , L
s 19€8 - 0.02 "C.29  -0.17 - 0.53 Ve
1569, ===~ ==== T ocao ke ‘ b
1670 === ---- eece L aeel
. . § N '_)q‘; .



-~i¥

TABLE

B.3

. DEMANT SECTOR

o ¢} CRUDE
YEAR CCAL*" &L
1945 2 0.52 (.48
1646 0.59 Q.41
1947 . 0.38. Q.62
1548 o ue 0.54
Jgeus " C.R
o ; 1cso ignﬁ1 0.59
S 19547 C.5
Py 1952, 0.46" 0.54 -
T © 1853y (L3% V(. 65 -
@ 195&7'0’33y;0.67
o 1985 70,227 70,78
' .1 1956 0.04 - 0.96:
- - 1857 7.6.04 [ C.96
1958 0.01 .99
1¢53 0.03 -
1€60 0.02
1661 0.3 (.9 i
€62 0.02. 0. 98 A
1€63 0.05 ,C.95%
1¢64° 0.04 0.96°
1¢658  0.C1. €.99
166 0. 7 1.0 S
1¢67 0. 1.0 A
1668 0. . 1.0 .. -
- 1%6S 0.C1 C.99
1970 me-mm Ao

-
o~
*j'
. .
o F23 : "i
R I
x
:‘-‘r- o
[,
L]
Q@ |

176

CAICULAThD DISIRIEUTION BUITIPLIERS FOR THE TFPNSPCRTATION

L



LCALCULATEL CISTRIBUTION MULTIFLI S
' GENERATING . SPty

7

CoooCc0ocoo o

TAELE E.

L L I T |
duooruuag-

.
w
(82}

0.57

- -

o
L]

o
=

'O.uz
0.18
0. e

0.77
0.62

(e 8.

0.63
0.56

EFEEdanrounw

h -1
C.09
O\.“

C.07 -
0.15

C.54
0.22
.21
.38

0.2

0.32

C.u2
0.Mm1

"0.13
0.07

0.24

032
0.11,

0.14

C . - -

7/

0.17

0.16
v.16
0.14
0.18
0.42

-0.2%

0.19

0426

0.19
0.11

0.16 "
0.08

0.02
0.16
0.14

0.3

—— -

oIL

O - 2 5 :




‘O

*

employed l.é krcwnv

e
;"‘

hex:e are those ﬂ?a

x
..
e
] ,
f_@ B ﬁf o
4
”G—"
i)
_} ’
g
. ,‘ -
v
. -

This appendix ccntalns a %s

Irterfuel Sutctltuflen Mcdel\"

The exogenous var1abl°s> in

AEFENDIX C o ;

7 MCDEL LIS1ING .. L

-

t1ng of . fhe "Ca«na&mn

The computer languaqt

-

) '
.as DYNAMC (21). : .

,}‘

fhe model as 1t is, 1lstéd

.~

t were assumed for\ CASE III cf the

i Ty
C gt

.,“w :

. "' .
. q :
o bR
, v Q.‘v"'g"b
PR v, ® .
% o BeR
| AN °-
-
3
.
- 8 VR
" ) .
- - Y g
L] ;
o . T ..(< Q‘ R
- e .
o .,
/V , s ”n R
Ed - . .
)
s
178

Lu .



179

| ,\.. . t M //. , - . . . X . ' ..,. . ‘ .A i o
" , S - . A e omzom*w 20Q28+3 L *EAZao8- v*aa+n Zd2u= %2200 1
) ’ : i v . Uolwog N
o Axn.amﬁum*n Naaum+xw mmwopm-v*am+w XQO¥=¥°*iCDH 1T
- wm_ . TGS=XA0%-N
o Axo amﬁWm*c xaa0m+xw moxaum v*am+n.xQUm q* %008 1
LT o - L LTTEEAOE LN
) . e o ipe @mzumﬁw zaoum+mn ¥aHaou- v*ma+n,3ouQ % xaua%g
v a0 NOIIIWASNOD 1AAL 40 'STIALT. ~ aTON.
) R 5 g CMtEIZOEETNUGZADE ¥
D 3 E . . ERIED SEEL S RET P ifor:amt
. - R C .4 ¥tadxDd¥=TX¥*¥axgoy-
, ; : I N aE #hHs =1 *8ax¥Ioy ¥
) - : . . L L .vmmefm A¢23q . IICN
: . . _ . _ , . : N LASRO¥=TH *ASKIY 4
N ST Y muamuum+x QEXOH 43 amx)mwx QERDU¥N TOMDE=X" L A§¥ uw ¥
\ . Co & 5 T QNYNIQ FATIISHAS ISMEVH
. , : o R S T 92Z0ux) *20 Jd= m o%mu
co : . - N o MFERIUNN XY=} *qur Dy g
€ . S . R ST MEXOERN PXCDESM TaUXDY ¥
. : : SRR 8 MU KIDT RN TqEMDY ¥
& . : L SUNYWZA INIRIDYIEZH . Lo
2 e T TS R S 900U =T4.49a D4
i : . - co - cre T T LLD |wmaum o)
, L PR BN QUm*umoum M0y, ¥.
- - U . mm.nQUm.z
_ ’ % BTE muQUmv*aa+n au« =X°02Y 1
5. _E1O0N
) R a q«Hu >Lou @z< TVIZ zmQHmmm._ ILON
. : Ny > i R . T L alOoN
v - S .Q. P . . ’ B . : . .U.HO?
. A B - ,azw "~ *0Z+) Ow+4 DX+ @3 N*gal v
- S S u_mmoﬁg %ﬁwmmwOu wa<zqm% x8 @Mywza Xouzna 1Y 101, d5L0N
o i pﬁa. TERGR T M CZOLHHY CZOLN 4N TAA+HCAX4Y "Q4=¥ DAL ¥
e Sy 57 T i "NOIIAWASNOD XDEZNZ “A¥yHYIdq gm4oc . 3IOoN
) o o & "12QOW ‘NOIINIIISENS TANIEITIN I HVIQVNYD x%
L _\\tl\\\\, . e Pl _ . R
. . o . S o . «

1



ET:h

~

o

’sg A
.
id
I
¥
®

a

K

”\.vuu .\N \p.nn<awm
mn&prm<ayqusmme-x *ARKE

_ ./ 3
Ao m o mmmp u SLeL
! ) ’- P

L s AmsrsHa G* mnmr x EXXYY e m»xavmmau =y mﬂwm

u

t

L. azok
L di0N-
o . . ” . L 3loN
N YA . . T HIoN.

. : . ¢r §=€Z24 D~

I .

v

Lo=x" mmww v

E/SLE /L =avINE g

Ao g’ o mmmr o m»mqyx @zaa m<4xqumm<b-x \xxr <
L OLt=deExXy v
Ax awa ‘0 mnme M xxxmnmnmxxmvagu =¥ *9¥25 ¥ __ :
Pl R ‘- - ém.nmzu& |

mmamm VOH«<wanA BZMSHHELOU m THNASHOD

IR ATYLOLE/ N L 2aG3g=Y * Naoum A

N >R q@goam\haPNQQUm =4 *Xa304-.

. .:._\;M. .q«abpm\x bXQao¥=%*Xaa5y

20 - . owrtedogu/u L nauna=y waajm
Lm.rxapum+th»pau g+ anaum*g LEQAD¥ =0TV

: T 004 *02aa28) XVH=y" PNQQUm

ER . . : ‘ .

o o ,,, “LRY= LXaqoy

’ T (o N *OXAATE) XUH=Y * | X6 ng
g’y OHado»w z onQU% x mxanUmvaqu xuVmauQ

Qx quc*mmco V+A~Na.-zaoHeamxmv*mpmﬁo V-Amm:o 8l-) =4S YXqdnE

(e usub*mm

Cn v+~z OHaamxa*x OHHmem*mmmm ~+Ax OILVdXdxfilgy® V-ﬁmmmumwr -} =y oxoaom

«

.4

- . C R

hh <0 (0*0”M*0oraq x<znx " LNGT
Axamzuwm4wmvnax "BIL VAN MY) - wwn_ SE=y* otQQUm
e S . . wnneo.nu$m
Prome o _ S LERE*=pd
Y- . wmqumHquz zOHeam»m 1544 N
o s — mu.-Nmu
..!n o } g )

lo

A4&.mnwu*_emo.vwgm.omwamum*mrmo V-Amoom 61s) = ,oNQQUm.

O

N

’

A

U';‘:@f9<v$<

~

uu‘:r::-c/-x-:cxc
]

-
R

=



181

- - ] g
. ‘ 5 N 0
- - /- - . ‘Mv S «
Al . ’
. / ) )
.o b e v a) ,l
! Pt -

<l ;Ax.azﬁp*azHV;mmmﬁ ﬁm-g OFUGHT ¥ -
- e N Lsoroe 2 ¢

S e N mmegmma W ZOHammHmamHa . wao

_«A L u.ampmH
o ;xn.amzmm*w Naomu+xn mawamm v*eo+w ZAHI=Y *ZQHT
S _ N "Pr.'yo:ﬂ
. ._ngzn.amzmwﬁm.n@amH*xw., amHAR ﬂa+w »am =¥ *IQHT -

Z A

., ., 02°=XUHI
G ,_.xxn omsmH*n xoama+;n.m@xanHav*ea+n XQHI=N*XqUI

5 ~ o LE*=MAHI N O
nmnuw Awh.mmzmHkn mamewmo maxmmH vaea+m BAHT=¥*M0HT T
U LT zouawzsmzou 1204 40 STIAIT: . TICGR v
-t S . 2T e M QIHISTY aaZdHg . 8
. ~ x mr»xw TH*YAXAHI ¥ .
S . R > GXHI=THLEGXANT ¥y~
. | H i N
N Lo ;omamH gx.mazm=1 a
’ T T . SZIYE 279034 msoZ .

cavo T T , W LASUHI=TH*GSHUT ¥
, ,amNmH+m ar»mH+4 amme*x QUAHT+430THT =Y mezmu v
L . ‘ ORYHIQ SATLISNES 1TUUVE 1z08

W D o T CHZHIxNZAHI=M°QNZHI ¥

:, Am; .. .mw:m*x RAWT =Y Q84X HT ¥

L EY s .ﬂ AXHI#N *XQUIsY *Q8XHT ¥~

s, oo AR N CERHIAY “MAHIN amamw v

e mQZ¢HmempzuEMUmqmmc R S AT

P S S YT oy egqeI=Ty e muo:4 a4 ¢
e e L e . gnGt=9Edur 9 7
R e N omu*omamn ¥ *O8HI ¥ .
B T ' . L39°=aHI N .

L A i Axw moamHv*ea«w QHI=¥"* a4z w P

.

oo . et . .‘.,_ : ,‘..,anoz -
T s . EZLoN
SR ‘M0IJIS ANVWIA- T¥IZISAGNT . ©.. 2I0N
,\w . E) DAM. ,, . . v .w.. . . . . . . .,.,.,.‘.‘ . tL N ,, .
. 2T o - .



182

« {¥P°¥9QYI) «1a+0°qEI=Y'qyl 1

[ A S ]

, , : - _ JLON
* _ . : ‘ : a10N
n T ‘ . . S ZLON
<~ dOLOIS ANVWIQ NOIIVYIHOdASNYYI ~3LON
‘ , . . s o dI0N
v _ . o . ZLON
- : Y . L JioN
) -~ . ‘ _ : - ZLON
: . OL*0=8ZHI
< . _ ) - A°GRO¥=Y"diHI
.. ’ T ) ) - N*gX0d=N"*gXHI
) :  SEC/SEC/T /T T
A AV AV AV AV AV X \N.\N.\mp.\mw.\mr.\r \F AN ANA N AN ARVARET VT Y B
, (0° F 0°0LEL‘G Gn5 L XCENIL’ EYIMKI) THEVI=Y gryT
’ . _ ’ GE "= *MMHI
. - o (°TRIL’0°0L61 N MMBT ‘N GUMT) dITO=Y "GNNI
. , . T  SEIIVY NOIIVHZEIT INIWITKAOD gaudsnoo - ALON
- . , v - A*INLOLI/ YL ZAdHI=Y*2QTHI

[

ATYIOLI/N L AGAHTI=Y *AQanT

_ , S : o S ATVI0LI/ AL X{QHI=Y *XqauI
| , . ¥ *IVLOII/N*LMAQHTI=Y * YagKI
_ _ H*LZAQHI+Y *LXQQHI+¥ " LXQUHI+Y "LHAQEI=)"TyLIO0L

X (MeauIz *BNHV-Ax;o ammwa*qrfo ) -1Z96°ZL=402QaNT

-~ - : MWCL IHNH

. _ _ : ’ (0°0*y° OAQARI) XVUW=Y"*LXQIHI
E " . Ax.azHe*a»Hv.ﬁx OHeamwm*cmrb )~{LL6S6-) =x" OKGAHI

: ~ h0G6Ju*=1X1I

. , : Au.p M OXAQHI) X¥H=Y"| XQTHI

: ‘ Hu:..x OIIVIXd*Y*0OXAAKI*Y® VXAQHIYdI10=9"0%&uuT

Ax.nzHe*
eva+Ax oHadmxm*v OIIVIXd*9S6L ) +(y° oHecmxm*umm ) -(9443°92-)=4°0XaqHI

] . (¥ TRILxGELQ" V*AAon.'x OILYYXd) *hGLQ*® }-(LLL0°LZ-) =¥ " VXQGHT
. - © BELO®=IXNI

- ) . - ’ - /
. . : . : v

~

< (6°9°4°0ZAAHTI) XYW =Y * rmmum»

U-::‘z:x-sx:ctukx:‘!:U@‘x:r:n:acdﬁt



1R3

_x.PNanme+x.w»ooma*xwrxaome+x.raoamanx.qawoaa
. - 0°0=¥°1zaqur
(G°D’¥*0XQQUL) X¥W=Y"*| X041

' .

AxymzHa*mamo.y+Ax.oHa<mwg¢>»oo.v-Ammmm.hzavux.o»amaw

. 0°0=d*Lxaa:l
| | AQWw~x.03oamavxﬁzux,Ppmama
Am.mzHy*Nmmo.v-Ax.oHHamxm*wpﬁm.vrmﬁmm.msux.Ozaama

-SYIITAILION NOIINYIHISIQ dL0

- . 0)°=2Cd1
Axw.omzma*n.Nonme+xn.maNamauv*ep¢n.womaux.aama
_ 0Z*=xayl
Axw;omzma*q.»oome+mn.mawoma-v*ao*n.»omaux.xama
. 0°0=XJq41
Axw.pmme*n.xoame+xn.maxomauv*ao+w.xcmuux;xoma
- GLE*=IrQEL

‘ IMNQ3L=MQY¥L
Axn.omzma*w.zoame+xn.mo3oma-v*ao+w.3omeux.zame

=g

R ol S S

H2Z0AAZ Lz 3=

\ NOILIWASNOD TaNJd IO STIAIT . diOoN

¥°q8241=1Y"4a2Zquzr

. NCEREL=TY  3qxdNL

: AAEXEL=TY*daXdyl

. . _ ATAIMIL =T aqMayl

d
|
=t
4

SEl¥e Xv¥DIq JICN

. A*LASHAL=TN*ASHYL
x.omuma+m.om»me*x.mmxma+x.amxma*x.wmmaux.ﬁomzma

q.
¥

ANVRIQ TATLIISNIS ZdUEYR - EILON

T H2¥IxM°7081=Y°Cuzyd1

QX8I *XAE8I=Y*QHEALL

EXd LA *XTE1=Y g8yl

A GUEI%Y *MAEL=Y Qur J

: X*9QdL=T¥*5908L

. : T 90€0 =050y L
o . ‘ A QLxTTURI=N*904L
. _ , . . ©9€6°=ay1

S - .
L o )

¥
4
¥
¥

; SCNYRIA INFNZOVTIIzH ERAOK

= - & I o1



“~

b 4
= @Nm.\mm.\mam.\mmm.\o L/G* F\o L70°L79% L= m<emum L
. ‘ (G°c’0° mmmp 0°Gh6L ‘N *aAWIL’AY.IIDA) ATAVI=Y 103 ¥
. ‘ : (%°0Z) (¥*103-7 *L)=d°NdZ ¥
. . ZHYHS I3U&VW JYSZTIDON F10N
ANVWIG JATIISENTS TAYHYNW . 340
; x.mwwN*x.amN-x.omymN ¥
. _ TNt AXJZAN X IZ=NqUKIZ ¥
- g . e m?4N¥m..aN A°Q¥rIzZ
, . SANVHIQ LHIWIDY¥TdI¥ ' FLON
A'QUZHI~- (N LASWHI*Y *ZAUHT) %X *290Z=Y " L9az v
¥*Q4Z81~- (4L ASHYETI=N*ZAqaL) +3° ddzoyg-(y- LASWDEN *Z2aA2d) =) *Z9a7 ¥
A . CNYWZA TYINGWIEONI ~ dloN
- : 80123S oZHa«mmzmo X1IDINid31g - ZIon
. ) . 410K
,x.woma+x.NQmH+x.NQUmnx.ON ¥
) L - _ . H*XQEL+M XCQHT+X"XCO¥=X"0X ¥
o . . AXCEL+Y *XAHI+N "XADd=¥*0X V¥ °
. , . oo ATHABI+YKAHI+N*MADE=M'0M ¥
" , . . . .\ M,H‘OZ
’ SI0I23S ONIWNSNOD XZdYKIEd X4 NOIIIWNSNOD X983INT 210N
. L ” = FI0N
a . - o A10N
. ‘ % : 1 QZ*=8Z4¥1
R4 : . OL°*=€x41
- . . om.-mxma
GZ*=A*rUN]

0 5TC/S20/SZ/52 /s /" \ma /s
/Snt/Sn /S Jsn/ge \m \ma.\m:.\ua.\na AShT /N e /T L L /L g
. (0*L’C0L6L*D°CheL Y " zua.nmmxaqu:mae-z aMM
(M*TRIT’0°0L6L Y vumI Y grn I)d110=y" maw

SILVE NOILYEIEIT LNARIIWWOD HIHASHOD . 410
. . NUINLOLI/ WL 2039 L=Y *20051
A*IVL01i/%*LXAAdi=Y"XQadl
HIVIOII/ % L XATd =Y *Xqa47
ACTYILOLL/ N LMAAEL=Y"#¥aq4L

<<<<Z¢C<B><<UUU



145

Y o
(h600°) /Y 39U *HIZ=Y 201N
© (1600 °) /KUH+Y*NIZ=Y"Z0IN
(1600°) /N ddH*X *XIZ=Y *201X
(h600°) /N IUH*N *XIZ=Y *Z01X
(n600 /M JIHAN*RAZ=Y *ZOLM

N

[P

._. , v ZLON

. ; L0d°=Xdz

. S Axw.ammm*n.»umN+xw.ma»mw-v*HQ+n.>wNux.ym&
. . ’ .

. , 0°0=xX42

. Axn.ommN*n.xuaN+mn.qumN-v*ao+n.meux.me
_ : ' 8L *=MI2
Azn.ammN*n.zuowwxn.mozmm-v*Haww.meux.zmm

N
T
N
1
N
1

E ONY “‘X’M uWOu4 @3dNad¥d indino A1ID2I¥15313 JLON

: A°AYX1Z2=1Y°EQX 42

‘ . A°QEXdZ=TY*€axdz

, . o A°AEMIZ=T% *daraz
- m.am»ma+x.amxmw+m.amme*x.ommmn,x.ommw

s - . Aao\u.mwnumognAaa\x.zmmgmov-x.rumm .ummN

- . A*AHIZ-N "HAZ=X"HIZ13q
. . . - ATANIZ-N *NIZ=Y *N42T3Q

- : "Am S 6Z *=FONZ

. . : AL *HONZ =Y *Qlidz

v ‘ N H*HIZ=TY °KONZ
, . 3 0°C=KIKZ

x - . AL*MANZ=Y aRIZ
Co M NIZ=TH *HINT

QRYREA FAITISNIS T ANY YW TIS504 210N

. . nOLQ*)=Nay

AAo.m:mpux.maHav*a.-v&xm*aoo.*rro.oux.mm:

’ . v A LS*2/5
.N\ma.m\mm.m\mm.m\m.m\mp.N\mc.m\mmm.r\mmwue\m.r\aoh.P\mw.P\wmm.P\mom.P
\mn:.P\moa.P\mom.r\mdw.r\NN.P\ﬁ.P\mmo.ﬁ\onm.\onm.\shm.\mmm.\mpm.\ﬁmm.\
amn.\mwn.\mmm.\mmm.\:mm.\mmmj\mma.\mmn.\moa.\mr:.\wpm;\wam.\Nm.umiammN
Ao.P.o.mmmp.o.m:mk.x.mzua.mmamvamqmaaux.mmN

: {

»

q
d
g

Y ’ - SEILVY IXv¥d3IQ 13204 dION

PN A S A o R P P ]

BB kg U



“186

~u

‘ - Ao.r.o.mmmw.o.uhmF.x.qua.m<e&m~g:m<s ¥°gd ¥

. o mo.\mr /nie \:F /tL°/fqL*=gvldyY
: . . - (0640 0L6L 0" m:mp M*INIL’ m<am<vq:m¢a d*yad v
. - Ag GUIL*)*OL6L“Y°8d’N *¥d) AT TD=N"Md V
. SR A _ §3o1da 14na - 410N

R - ‘ x.ONnx.aN,«

_ , _ ‘ A N°ZOLK+Y¥°0X=¥*AX ¥

) . . , x.moex+x.cxuz.ox¢

ST ‘ . N*ZOLH+Y°*OM=Y"aN ¥

L . A . - NOIIAWNSNOD 13N ° FION.
) B o . M : . dioN
oo o : o _ © o 3Ick

- - S , X*EX0¥=YgXdZ \
_ e . - - MCEXDY=NEXIZ ¥

. LY ‘ mmemm NOIIVYIEIT ININIIRWOD ¥AUNSNOD 310N

. Coam Y ¢ (M*TVvIciz/¥°*1X10azZ)=¥"%adzZ ¥

N AR R (4*T¢101z/%*1XAQ2) =4 *XaqZ ¥

a IR : SR (X°TVIOLZ/N*LKAdZ) =¥ *aAdZ ¥

. o . - A°LAAAZ+N°LXAAZ+N L ¥AAZ=¥"TVI0IZ ¥

<o . : ) Lo (0°0‘%°*DXxadz) xvu=¥"L1aaz ¥

: . . - (Lz° LM oIrvuxa’y* 0XQadz’¥°Yx040z) dI10=X°*DXddZ ¥
. N ((LzeL-y: ouqmm»mv*mmmoo.v-Amhmzr.vux.myamx 't

o A{we OHymmwm*x OIINERd*ZZ6T ") + (%01 <mwa*aorn )-ghLS =¥"0raaz v

. : : ) - (3*0"y*o¥aaz) xvi=%*1x0az v
Lo T (09 *‘y¥*0IIVIXd’Y *0XAAZ’Y*¥YXQAZ) dTTD=9" 0XQ4z ¥

Ax.mn a*muoo ) -({99°-%°0ILvaxad) 9L 1hZ 00" V-A::mm €L)=y- "vraqgz v

. . (M*ZRIix X

+ 6900°%) ~(¥°DI ¢mxm*x oHe<mxm*ana FV+Ax.oH LYdXd+0LG6° L) -u60Z HL=¥'0%0aZ v
‘ L (0°0“%°0rAAZ) XVi=X"* Lxaaz ¥
: o : Aan..m oILvuma’ A°0MAAZ*N*VRAGZ) dITO=N*DNATZ ¥

. (% zHa*mooo Y+ ((npe=y- OHemmsmv*meo.v-Anowao 8L =) =M°vYradz ¥

: (M*INTII*S60 X
Cor+(M°0IlVamaxy"” OIIVHMA%LE6Z °E) + (¥ OHﬁmmxm*Pmmm :yuﬁanmr 9L-}=x‘*oMaaz v

. ] 1 <S¥O0LIVS ([NOIINATHISIA ZLON

Naxou=yrauiz v

X



187

v

o A*DHdl/¥°Z0IN=Y°SWN

) A . s
) - H*03dL/ N AX=N"SHZ S

. . . 'M*DTAI/NCAX=Y"SWX S

. ; o , A*DEAI/NQM=N"SHKL S

; . > -~ 0 ., -STUVHS IINYVW TYIOL - - TTON
’ : - cXAZ/NHAZ=N" SWHT S

. : : CACAZ/MCNIZ=M'SKNT S

S In _ : A*AZ/N°RAZ=N*SUXT S

- - . © MAZ/NXIZ=N*SRXT S

: i H*AZ/N*MIZ=NSKMT S

“¥0LDF5 NOILVHINIO XIIDININTTA NI S3IYVHS I3yyvy TIng dLON

. g dLON

u.m\Aﬁx.mmﬁxa»m*z.xuvzuoqvwmxmv\zrwgux.omaémua v
o.m\AAm.Nm*x;»a*m.xmvzuoqvvmxmv\x.smnx.owaamxa [
o.m\Aﬁx.Nm*x.mm*x.xmvzaoqvvmxmv\x.»muw.oprmﬁm ¥
o.m\AAx.Nm*x.sm*x.»mvzwoqvvmxmv\x.xmnx.onmmxm ¥
- : SOILvVY ZDI¥d 12n4d . 110K
e : . , . dloN
@.\wm.\mm.\an\ma.\h:.\mu.\ma.\aa.\ma.\ma,\Nz.\ma.\F:.\N:,\ma.mu«u&x.e
- : L Ao.P~o.mmmF.o.onmﬁ.x.mz~g.m¢ammvgzm<amm;:@
. RRANEAMNAS A T AVE VRV IR T P
] . Ao.mso.o>mr.c.mam_.z.mzHa.maaauyq:m«hux.om
* e . (I*TUIL 0 0L6L N HA*Y *0d) dTA0=4"74.
w.\mm.\rm.\ma.\as‘\va.\mm.\mu!\mmm.\m.\mnm.wmm.\mmyxﬁm.\rw.\m.umawam
RN Ao.r.o.mmmr.o.cnmr‘z.mzHa.mmamqu:mmunxwmm
. 0T/4T/220 /€20 /92 /7€ *=avian
Ao.m.o.onmF.o.mamp.x.qua~mmwmmvg:mqanx.mm

*

BYL*/8G

r.\w:r.\apo\mP.\Np.\np.\p1\mo.\mwh.\mho.\mwu.\wmo.\mmo.\hma.mmoanmdaaa

c

. (0*L’Cs86L 0 yLEL™ ‘INIL8¥LAA) THEVI=Y "qaq

_ S0°/S0°/90°/L0D°/60%/nL*=9v1d>

) Ao.m.c.cnmr.o.mamp.x.mzHa.mmamuqumauux.um

. . o . xm.mZHu~o.o>mr.x.om.M.umvmHgUHx.xQ
hmq\mm.\:mumwN.\rm.\m.\mF.\mp.\wr.\mPJ\:F.er.\mw.\NP.\PF.\mo.nmaamm

v

I

v

v

I

v

b

: v
(I*ZRIL*0°0L6L "M "1d’) *3d) d1To=%"kd ¥
. X
I

v

\

¥

v

h



« . . L NDY.

: 0°*l=¥34I84d D

“ 0°Gh6L=IWIT N

S : C°GBEL=HIONIT D

. L Cl*=2a O

. H= mzm N=SHN “x= mL» X=SHX’K=SKM 1014
_ . 2=0Z2’'X=0X “X=QX’N=0QM 1014
Z=0Z‘k=0X’X=0X*M=0¥ ID14g

X=201X*X=2CIA*H=201M 1014

B H=SHWHI’N=SKNT ‘X=SNiZ ~x|mstA&nmsxm 10714

. . E=XQAZ‘X=XQ4zZ ‘#=MAQZ 10714
, A=RIZ’X=Xd2‘'M=KdZ 1014

) N=NdZ’H=HJZ 1014

~ I=X038 X ¥=MCd3I ID71d
:Name k=Xa¥1’x= xc;-.:uzama L1014
agur’ »LwaomH~x xganz’ xn;coxF 1014
Z=ZAHI*XA=XQHI’X=XCHI‘M<MOHT 1074
=200a24 “x=14024’x= XQUQu’ M=M110¥8. 1071d

Ve

—_—

4=171°2=47°1= ayl’r=anr’ =008 1014s
Z= oHe«m:m X= OHaamwm -oHa<m?m X= oHe«axm L01d
TZ=28"K=Fd ' X=Xd‘F=Ha 1014
. > SKHASHN'SWX’ mzx;mrz LNI%d
. : _ ’ SKHEZ‘SKNZ mzﬂm SWXT* m::u.HZHmm
- ASJdZ2°HAZT30‘LOAZ D317 IKINg
NQUm.waum~xoum~kDUm INgud

‘ XAZAXA28AZNAT NIZ ININd

201H ‘Z0IN‘Z0IX° 20X 201X InINg

Namn.woaa xame.some No;H RQHI'XAHI*MANI INIEG

c

wm Xd“Kda‘zda‘ox’ox‘on’axr‘ax‘ax’ az‘’ Qm4~QxH a24¥’D3dl INIEd

Z=%0a2y’ »Jrauz.x Xaoy’ M=M4d0¥ 1014

0*l=43d17d O

i H .mHOz
: . 10N
v . A Ummw\x 201H=3" mrr S

B

v



